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Tart T Anaplasmosts
AMANIFESTATIONS AND DIAGNOSIS OF AN AL ASMOSIS

Bv Hubert Schmudt
t & A Collece of Tevas College State n Texar

Anaplasmosts 1s an infectious disease of catile caused by naplasma mar
genale which infects and destrovs the red blood cells — The infection frequently
termunates fatally but when recovery takes place the blood of the animal per
manently retains the infection a condation known as the carnier state Sucha
catrier 15 immune for ife A small quantity of blood from such a carner 1n
jected 1nto a susceptible bovine will reproduce the disease  The destruction
of the red blood cells leading to a marked anemia 1s the outstanding feature of
the diseace  Accordingh when the anemn has progres<ed far enough we find
weahness of the animal which may progress to the point where the animal re
mamns recumbent much of the time and may exen be unable to arise developing
muscular trembling pallor of the mucous membranes a watery condition of
the blood and accelerated respiration and pulse The excessne amount of
bile pigment produced by the liver from the destroyed red cells spills over mto
the blood stream and thus may produce an sctenc discoloration of the shin and
mucosae  Except in rare cases the infection 15 accompanied by a rise 1n body
temperature  Late i the course of the disease one finds anorevia often de
pression and some salivation especally on hot days  Constipation may or
may not develop  \n examnation of a stawned blood smear will reveal round
or roundish purplish stained bodies 0 3 to 0 8 microns 1n diameter one to three
1 number located within <ome of the red cells near the margins

The Behartor of the Body Temperature

There are numerous degrees of intensity of these mamfestations \arying
most markedly with the age of the ammal The bovine 1s susceptible to this
disease from birth but an mmfection of the very young animal does not result
m any chnical mamfestation whatever and recovery tales place without ex
ception  In older ammals Jet us say at the age of 8 months the clinical symp-
toms will become more apparent so that at this age the ammal may show a
light fever but nothing else  When the animal has reached 12 to 15 months of
age or more not only does the fev er run very much higher but other symptoms
also appear e peaally anorexia  The rate of mortality increases with the ad
vancing age of the amimal

This varymng rate of mortality reflects vary ng degrees of seventy of chinical
mamfestations mcluding varymg degrees of mfection and destruction of red
blood cells which can be studied most advantageously n experimentally mocu
lated animals  The amount of blood required for a successful noculation 1s
so small that transmussion of the organism 1s known to have occurred 1n herds
m which unknown cammers were present duning the process of vacanation of
the ammals for other diseases or during the pracess of the withdrawal of blood

u
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Schmdt Mamfestitions and Diagnosis 29

10; T whereas in the mature Jersey the body temperature rarely eceeds
10> T and very frequently does not exceed 104 T even in fatal cases

1 arasiti ation of the Red Cells

Red cells parasiized by | marginale appear in the blood stream several day s
Lefore a nise 1n body temperature occurs At first only a few parasites are
found These gradually increase 1n number so that by the tume of the first
day of fever from 3 to 48 per cent an average of 16 per cent of the red cells are
infected  In approumately one halfof the cases the number of parasitized red
cells mereases after the imtial day of fever while 1 the otherone half this per
centage remains stationary  In case of recovery of the amimal the number of
para 1tized red cells gradually recedes and they finally disappear usually within
a few days after the body temperature has dropped to normal

Each parasitized cell means a dead cell buthow long sucha cell will contnue
to eirculate 1n the blood stream 15 not known It could be estimated faurly ac
curately however from a count of the total red cells or the hematocnit were 1t
not for the fact that continuous production of new red cells tahes place The
hematocnt drops sharply beginnmng at the time the first parasitized cells ap
pear 1n the blood stream and often 1t drops {aster than the numbes of para
sitized cells increases  In some ammals 1t continues to drop even as the per
centage of parasitized cells decreases  In 1/ out of 21 fatal cases the author
has found the lowest hematocnt reading to vary between S>and 8§ the high
est reading reaching 13 5 1n one ammal  Recovery may take place with a hem
atocnit reading aslow as 8 The hematocnit readings noted show that from 7>
to 80 per cent of the red cells had been destroyed by the parasite

The Persod of tnoreria and Crisis

In practical animal husbandry 1t 1s the keen eye of the owner that recog
mzes that something 1s amiss with Jus best con  As he drives her up from the
deep clover meadow 1 the evening to milk he may notice that she 15 not quite
as full as she usuallv 15 and that she looks a Little gaunt to lim and he mav
wonder why she has been standing off to one side all by herself He begins to
thinh he can notice a little droopiness about her and she seems to breathe a
hittle faster as he urges her along  When he places her customary feed before
her she refusesat Now he 1s sure that something 1s wrong with her  Tf 1t 1s
anaplasmosis rauch has happened to the sich animal by this time but she has
shown not the least sign of 1t unless her milk production has been off a hittle
that morning  Prior to this time the ammal bas been fevering but by now
may be free of fever  An exarmnation of the blood shows 1t 1s more or less wa
tery its staining power 1s reduced and the microscopical examination of a blood
smear reveals the anaplasma bodies  This 1s the typical manner m which the
veterinanan 1s usually confronted with a case of anaplasmosis  VWhat has hap
pened to the cow prior to this moment?

‘The animal has been feyerng for from 1 to 4 days but by now the chances
are 50 to 50 that she 1s free of fever Her hematocnt value has dropped from
30 to 10 or 12 showing that more than one half of her red blood cells have been
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samples for blood tests when the same needle was used mithout dismfecting at
after use on each ammal
Dunng the last 42 years the author has successfully reproduced the disease
m thousands of young ammals undergoing premumization either for Texas
fever which was a double infection of Piroplasma bigemunum and A marge
stale or for anaplasmosis alone by the mjection of 1 ml blood from a carner
ammal  These ammals were between 8 and 15> months of age and the data
ated here for young animals are taken from that work A daihy temperature
record of the moculated animal will rey eal a nse 1n body temperature between
the 17th and 4oth day  Rarely will 3t be below or above that number the
greatest number showing their first day of fever between the 30th and 33rd day
after moculation! The duration of the fever period in these voung amimals
varies from 2 to 18 days or longer with an average of 7 to 10 days During
this time the fever mounts step by step to a maumum and then gradually
drops back to normal  During the whole of the fever period the nse n body
temperature 1s constant with rare exceptions The mortality rate i anmals
up to 1> months of age at the time of infection 1s from 2 to 3 per cent In
slightly older amimals this rate nises sharply so that in two year olds 1t may
reach 20 per cent This rate mncreases with the advancing age of the animals
so that 1n fully mature arumals it reaches 80 per cent or more
For mature ammmals the author s data on the period of icubation are not so
extensne but according to his records they are approumately the same as
for younger ammals  In a senes of 29 cases in mature Jersey cows produced
by the author with a stran of Araplasma of more than average virulence the
period of incubation ran from 15 to 36 days with an average of 26 days Inthe
majority of these animals this period averaged 2 8 days longer than this aver
age or 29 days The greatest difference m the clinical mamfestations of the
disease between voung animals of the beef breed and mature Jersey cows les
in the duration of the fever period In the young beef breeds this period
ranges from 2 to 18 days with an average of 7 to 10 days while 1n the Jersey
cows the fever period ranged from 1 to > days with anaverageof 2 38 days for
the cows that died from the disease  In the Jersey cows a similar relationship
existed 1n the time between the hirst day of fever and the occurrence of the
lowest hematocnt reading  This time vaned from 1 to 6 days with an av
erage of 3 37 days for the cows that recovered and from O to 5 days with an
average of 2 7 days for the cows that died  There 1s also a difference in the be
havior of the body temperature of the ammal after the peak of fever has been
assed Thus a subnormal temperature was recorded before death m 11 oyt
of 21 mature Jersev cows whereas a subnormal temperature was found n
only 1 out of 11 comparable ammals that recovered Ina group of 2> animals
of beef breed between 12 and 16 months of age that died from anaplasmoys
followng artificial moculation the body temperature shortly before death was
subnormal 1n only one case and had returned to normal 1n 10 cases whle 14
died while they were still fevering
The degree of fever in the different aged animals also varies  In the yearlng

amimals a body temperature above 10> F 1s common with the maximum a¢



THE STATLS OF THE COMITENIENT FINATION TRST
FOR THE DINCNOSIS O AN AL ASMOSIS N 1925

By D W Cates and T O Reby

L rited Stotes 3 pa iment of 1g seulture {g wewdla ol het a th Servsce tmamat
i3 ase ond Pa osite Res o ¢k 8 unch Beluw He Md

The contral and eradication of antplasmons 18 recogmezed as one of the maor
problems confronting the Inestoch wdustry  The detection of the carner
state of bovine anaplasmosis has presented & partcularly dificult problem
since the blood from a hugh percentage of carmer ammals does not contam sufli
cient margsnal bodies on which 1o base a dhagnosis  The deselopment of the
complement fixation test for amaplasmonis however has made posuible the
detection of the carner as well as other jnfected ammals

The test was first apphed to the dugnosis of anaplasmoss by Ries and
“ohler' 1n 1934 These 1nsestigators produced o tick antigen and proved that
1t was @pable of fiung complement  They were unabile to produce ther anu
gen m suthaent quantity for expenmental testing howeser  Vfott and Cates?
developed a crude blood antigen using a technique sunidar to that employed
by hent Bubantz and Rein® of the Diviston of Serology \rmy Vedieal
School Army Medieal Center Washington D in the development of a
malens antigen This antigen could be produced imrquantity but had the dis-
advantage of conlaiming two much color and many lots were antcomple
mentary  Later a carbon diovide preciptate antgen was prepared by the same
workers using & techmque developed tn Hewdelt and Mayer® This
process remosed most of the color and resulted in a more unsform antigen
Many of these antigens were also amiscomplementany  however

Tt soon became apparent that the test was capable of grving awcurate tesults
but the mam problem was the production of a sausfactory anuigen  rom
this tme forward antigen research was directed toward the use of cattle i
fected with anaplasmosis for the reason that no practical means of propagating
the organism other than i bovine blood have been developed

Price Poelma and Faber® of the Manland Lunestoch Samtan Senice
Cotlege Park. Md 1 1952 produced an antigen m which the red cells were
lysed with distslled water  This antigen was more concentrated and less ant
complementary than the carbon dioude anugen

Gates and hus co-worhers? reported the results of work done by the Maryland
Luestouk Samitary Serice and the \mmal Dhsease and Parasite Research
Branch of the Lnted States Department of Agnculture Theee types of ana
plasmous antigens dessgnated as carbon dioude preapitate anugen (O anty
gen) Servalf distilied water extract antigen (Servail anugen) and Sharples dis
tiled water extract anugen (Sharples antigen} nere compared  They were
produced from wfectn e matenal from the same donor ammals and were tested
by the Unsted States Department of Agriculture and by the Many tard lsbora
tones uang the same testng reagents  kach type of anugen was satsfactony
for use  The production methods were ompared for productivity  economy
and practies} spplication  Producinaty companson based on the number of

3
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destroyed, and that from 10 to 30 per cent of those remuning are parasitized
by 1 marginale The chances of her recovery are not very good The crisis
15 already at hand before the ammal gives evidence of sickness the first denmte
stgn of which 15 usually anorexia  Mature animals survive from 1 to 4 days
average 2! ; days afterits onset during which time the body temperature has
returned to normal if 1t had not already done so on the ftrst day of the period
or 1t even becomes subnormal  Thus 9 out of 21 maturce Jersev cows sunnved
1 to>'4 daysafter the temperature had returned to normal and all 9 developed
anorexta after the fever had subsided and the ammals died  The antmal re
mains recumbent much of the time and shows other signs of severe anemia as
already detaled The surpnsing, features are the shortness of the sunnal
perod after anorewia becomes manifest and the normal or subnormal tempera
ture In mmmature ammnale the temperature rarely drops to subnormal before
death i less than one half of the fatal cases 1t has returned to normal while
the majonity die while still fevenn,  In these ammals contrary to the course
of the disease 1n mature anmals the penod of anorexia 1s somefimes very long
1t 15 not wnusual for the anorexia 1o last a week while the maximum period
observed by the writer was two weehs followed by recovery  Sometimes these
young ammals get so weak that they remam recumbent unable to nise for sev
eral days and yet they recover

Diagnosis

Since the first symptom of anaplasmosis in an amimal recogmized by 1ts onner
15 a loss of appetite and since 10 a large percentage of cascs the period of fever
has already passed and the body temperature has returned to normal before
anorexia develops 1t 1simportant that one be on guard not to tale this anorexia
as a symptom of some afebrile condition A microscopic examnation of the
blood will readily ehiminate such an error  The 1ugplasma bodies can readily
be found 1f properly stained and a hematocnit reading will verify the fact that
a destruction of red blood cells has occurred It 1s mandatory that the Auwa
plasma bodies be demonstrated  Since icterus does not. always dey elop 1t can
arouse susprcion only 1n case of 1ts presence

At autopsy the outstanding feature 15 the preatly enlarged spleen with jts
soft to reddish brown pulpa and the enlarged rall bladder filled wyth darh
grumous bile  The Iners enlarged with roundcd edges and 1f scterus ha de
veloped of a yellowish color Further one tinds degeneration of the heart
muscle frequently epicardil petechiation and a moderate gastromtestinal
catarth

Referen es

H 1037 J Am V t Med Assoc 43 423 734
L T H & T F Frawar 15t Evpenmental 5o n Anaplasmosis and 1os
retment with Tnflor b Lroc U'S Livestock Samt 4
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test umts obtained from one cc of blood were Servall 1 367 test umts Sharples
1223 test umts and CO method 0900 test units Economy of production
was based on the man hours of work required for processing one liter of blood
and were Sharples 24 man hours CO 30 man hours and Servall 43 man
hours The practical application or summary comparnson was made on the
basis of productivity economy adaptability for large scale production anti
complementary activity, test accuracy and all other factors known about each
method On the above basis the production methods were ranked Sharples
first CO; second and Servall third

As a result of these studies antigen production has been put on a firm basis
‘The carbon dioxide and Sharples antigen production methods have been em
ployed to produce 1n excess of 1 5 million test doses  This antigen 15 being used
t the present time m field work to determine the incidence of the disease
Also antigen 15 being used 1n an experimental eradication program n the
Havayan Islands

The complement fixation method as used for the diagnosis of bovine ana
plasmosts 15 siular to that employed i our laboratory for many vears in the
large scale testing of equine sera for dourme and glanders Essentially, this
procedure 1> that described by Mohler and Eichhorn? for the diagnoss of glan
ders  Modifications of the method as applied to anaplasmosis will be published
1n the proceedings of the 59th annual meeting (1955) United States Livestock
Samtary Association College Park Ad

tecuracy of the Test

The accuracy of the complement fixation test for bovine anaplasmosis has
Iong been the subject of mvestigation  In 1949 a high degree of accuracy was
shown by the worh of Gates Mohler Poelma and Hastings ¢ who made a num
ber of moculations into splenectomrzed calves  Blood samples from 119 nes g
trve ansmals were mjected into 10 splenectomized calves all of which remamed
normal A splenectomized calf was moculated from each of nine positive ant
mals selected at andom  Seven of these calves developed acute anaplasmosts
and two remamed normal  Two splenectomized «alves were moculated with
blood from ammals gning a suspicious reaction  One calf developed acute
anaplasmosis and one remained normal

More than 6 000 tests have been applied to sera collected from normal acute
and carner animals located n the anaplasmosis experimental herd at the Animal
Disease Station Beltsville Md  An accurate record has been Lept on this
herd for the past 28 years Splenectomies and mmoculations were made 1 hen
necessary 1n order to determine the status of each 1mmal Tt was found that
serum preserved with phenol gave the most satisfactory results  y final con
centration of 0 5 per cent phenol s made by adding one part of § per cent aque
ous phenol solution to 9 parts of serum  The };arl» ipcr cent accuracy hag
gradually Increased during the past 11 years  Metl ud>d L))r L.alcuhungatcumc)
determinations are described 1.2 report by Gates :m‘ ns %o workers ¢ Tpe
average per cent for the 11 year period was 921)’3 per c]cn a]s : OWN N FICYRE 1
This compares favorably with other acceptable serologicnl tests  The resylyg
of 1954 testing are shown mn TABLE 1
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ANAPLASMOSIS
COMPLEMENT FIXATION RESULTS ON SERUM COLLECTED
FROM SPLENECTOMIZED CALF #3763
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phed the antigen for testing  In addition to this testing the states of Mary

land Ollahoma and hansas are producing antigen and are doing some testing
The planned program for the development of testiny, ncludes the tramny, of
state technictans sit of which have been trained in our Jaboratory to date In
conducting these surveys 1t 1s the policy of the Ymmal Disease and Parasite
Research Branch to do some preltminary testing  Following thus the state
send>a technician to our laboratory where he 1s tramed to perform the comple

ment fixation test  When the training, 1s finished the technician goes back to
bis home state and proceeds to set up a testing laboratory  The Ammal Dis

ease and Pasasite Research Branch mamntains a supply of antigen and ships 1t
to the testing laboratones on request A temporary supply of the other re

agents 1s usually sent to the new laboratones to start testing  In addition to
these reagents 2 supply of reference posiuve and negative seta are furmshed
the new laboratory  Imtially the serologist submits his sera for check testing
until hus results appear conssstently valid  When the serologist feels he 15 ready
to start testing a number of coded samples are forwarded to him  These serum
samples have been collected from ammals with a hnown anaplasmosis history

They are phenolized and a code number 1= assigned to each sample at the An

mal Disease Station  These samples are first tested at our laboratory to venfy
their status and then fornarded to the state laboratory for testing A complete
record of the coding system 1s kept on tile at Beltsville and the serologist at the
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RESULTS OF TRE ANAPLASMOSIS CoupLEMENT [ixarion TEST 0\ SERTM SAMPLEs FROM
KnowN PosSITIVE AND NEGATIVE ANIMALS COLLECTED In 1954

P uoesampls Ngt  samples
Tel 4 14
tile r t
R R e A N R

January ol—|—|=|=| Bi=I-|—|—=] =2 100 0
February Tl || 1| B|=]~|—|=] 36 97 22
March gl—1—|—|—|31|—=|=[=1—] 30 100 0
Apnt gl—l—|—|=|31|=|~|—~]|=| 3 100 0
May 6| —f{—|—] 1| ]~ |—|—]1 3 91 8
June il=|=|=|—| 38B1=[—{—]~] % | w00
Tuly 61— |—|~—|—t3t]2|—]—]1 40 96 23
Jugust sl —|—=1—=l|1}j—)—|—| 98 93
September 6| —|—|—i—1 38 —f—|~|1 45 97 11
October 6i—|—f—=|—[3|1]1]|—1 13 94 16
November 51— —| B|=|—i=|=| a 98 17
December si—(1|—|—|@|1]|=|=|=] 98 46
Totals sl 1f2ls|s |1 4 490 981

A total of 83 serum samples were collected from infected animals 2 of which
gave false negative reactions and 3 gave reactions less than a 4+  Of 407
sera collected from normal ammals 397 gave negative rerctions five gave 14
one 24+ and four a 44- reading  The yearly average of accuracy was 98 1 per
cent

Spectficily

It has been questioned whether infection with or vacanation against other
diseases may result 1n cross reactions with anaplasmosis  Recent studies have
been made to assess the specificity of the test on sera collected from ammals
infected with other common bovine diseases and also on cattle vaccinated for
brucellosis These studies are being reported in detal 1n another paper ?
There were no cross reactions observed when sera from cattle infected with
brucellosis vibriosis and vesicular stomatitis were tested  Of 204 nommnfected
ammals vacanated for brucellosis 80 per cent of which had a positive Brucella
agglutimn titer 202 were negatine 1 suspicious and 1 positive to the anaplas
moss test  The cause for reactions m these two animals1s as \ ct undetermined
The serum which gave a positive reaction to the anaplasmosss test was negatne
for brucellosis honever and blood from the positne reactor failed to infect an
inoculated splenectomized calf  This type of reaction 1s bemng studied  The
specific nature of the test has been further studied 1n connection with the use
of antigens made from nommfected ammals  FIGURES 2 and 3 indictte reac
tions obtained when sera from expenimentally infected animals were tested with
speaific and control antigens o reactions with serum from known 1nfc ted
ammals have been encountered when these control antigens were tested

Fueld Surveys

ase wncidence surveys have been conducted 1n seven states for whi h

Field dise Recearch Branch has done the testing o up

the Animal Disease and Tarasite
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ANAPLASMOSIS
COMPLEMENT-FIXATION RESULTS ON SERUM COLLECTED
FROM SPLENECTOMIZED CALF #3763
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phed the anugen for tesng  In addition to ths testing the states of Mary

land Ohlahoma and hansas are producing antigen and are doing some testing
The planned program for the development of testing sncludes the traming of
state techsoans o of which have been trased s ous labaratery todate  In
conducting these surveys it 15 the policy of the Immal Disease and Parasite
Research Branch to do some prehminary testing  Tollowing this the state
sends a techmanan to our laboratory where he 1s tramed to perform the comple

ment fitation test  When the traming 1s fimshed the techmoan goes back to
us home state and proceeds to set up a testing faboratorv The \agmal Ins

ease and Parasite Research Branch mamtans a supply of antigen and ships 5t
1o the testing on request A supply of the other re

agents is usually sent to the new lahorataries to start tesung  In addition to
1hese reagents a supply of reference posttive and negative sera ase furmshed
the new laboratory  Inrtally the serotogist submuts hus sees for chech testng
untid us results appear consistently vabd  When the serologist feels he s ready
to start testing a number of coded sasaples are forwarded to bam  These serum
samples have been collected from ammals with a hnown anaplasmons history

They are phenolized and a code number 15 assigned to each sample at the Ant

mal Disease Station  These samples are first tested at our laboratory to veniy
thew status and then forwarded to the state Jaboratory foresting 3 complete
xecord of the coding system 1s kept on file at Beltsville and the seralogist at the
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TABLE 1
RESULTS OF THE AnAriasmosis COMPLEMENT I'IxaTion TEST O\ SERUM SAWPLFS FROM
ENOWN POSITIVE AND NEGATIVE Aniarars CoLLECTED Iv 1904

T u esampl Negat e sampl s Tt N <
1tle pEcot
" [ z+l+[— —{+|z+(:+ "

b
January ol —l—|—|~| 28|=]~]—[~] 3 | 100
Tebruary dzlzizislBizizlzlz] 8 | g2

March e — =1~ 1
Apni gl—|—|={=l3al—1=1=[=| 3 | 0o
s 6|—|—{—=lt]3t]—=~1=|1] 3 | ot@
Jume l=l=l=1~138l=|=1=[=] % | 1000
TJaly sl—)—l—i=13t]2)=1={1] 20 | %2
ugust S| —f—({~{a|1l={={—| % | oSa3
Sptemter | S|~ |—|—f—j BI~{=l—{1] & | on
October sl~|—1=1=}a(1i1 —t1]| 33 | ob7s
Nowember | S{—|-| 1/~ B|-j~(~ ~| 41 | sy
December | 31—/ 1 —|=| 2|1 —|—)—1 5 | 9545
Totals fsfa |1z lary s =4 w0 | st

A total of 83 serum samples were collected from infected animals 2 of which
gave false negative reactions and 3 gave reactions less than a 44  Of 407
sera collected from normal ammals, 397 gave negative reictions five gave 14+
one 2+ and four a 4+ reading  The yearly average of accuracy was 98 1 per
cent

Spectficrly

It has been questioned whether mfection with or vacaination against ather
diseases may result 1 cross reactions with anaplasmosis  Recent studies have
been made to assess the specificity of the test on sera collccted from ammale
1nfected with other common bovine diseases and also on cattle vacetnated for
brucellosis These studies are bemng reported in detail m another paper 9
There were no cross reactions obsenved when sera from cattle infected with
brucellosis vibriosis and vesicular stomatitis were tested  Of 204 noninfected
animals vacainated for brucellosis 80 per cent of which bad a positive Brucelln
agglutmin titer 202 were negatne 1 suspictous and 1 positrve to the anaplas
mosis test  The cause for reactions in these two animals 1 15 vet undetcrmined
The serum which gave a positive reaction to the anaplasmosts test was negative
for brucellosis however and blood from the positive reactor failcd to mtect an
moculated splenectomized calf  This type of seaction 1s bun,, studied  The
speafic nature of the test has been further studied 1n connection wath the use
of antigens made from nommnfected anmmals  FIGURES 2 and 3 andicate reac
tions obtained when sera from expenimentally mfected ammals were testc | with
speafic and control antigens  \o reactions nath serum from kncwn injec ted
anymals have been encountered when these control antigens were te te |

Treld Surieys

1 1¢ld dhsease incidence survevs have been conducted in<cven tate t ruhy b

the Ammnl Discase and Parasute Research Branch has done the te ting 1 up
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nectomized cahes The Hawanan cattle population consists of about 12000
darry animals and 150 000 beef cattle [ reliminary testing revealed that 39
per cent of 7000 dairy ammals and 1 6 per cent of 5> 300 beef cattle reacted to
the compl fixation test for ) As a result of this testing the
Hawauan government decided to mnstitute an eradication program and ar
rangements were made for the Hawauan Istands and the United States govern
ment to pay indemmty for cattle reacting to the test  Up to the present time
a total of 40 930 ammals have been tested 98 92 per cent or 40 497 were nega
tive 030 per cent or 176 suspicious and O 7/ per cent or 316 positve  Onig
nally all the testing 1n the Hananan Islands was done 1 our laboratory  One
man trained 1 our laboratory established the test i a laboratory on the 1s-
lands and 1s now doing all the testing there  Brefly, the following regulations
were adopted 10 September 1924 to prevent the spread of anaplasmosis 1n
fection all reactors are to be removed within 1o days after being 1dentined no
additions are to be made unt1! aiter the removal of the reactors all herd add:
tions shall pass twe clean tests at not less than 60 days interval except that
cattle from herds officially declared free of anaplasmos:s shall require one neg
ative test

Insect vectors are not considered to be 1 major problem in the spread of the
disease under Hawanan conditions It 1s the opimon of the Hawanan Investock
officials that anaplasmos:s can be eradicated from the 1slands i approximately
two years provided sufficzent testing 1s done A summary of the tests con
ducted on field sera from August 1954 to October 1955 15 shoawn 1n TABLE 2

Future VW ork

The test has been developed to the point where 1t 1s now accepted as a valu
able diagnostic agent for research mvestigations It remains honever to be
tested under field 1 cond to d its value n control and
eradication programs A carefully thought out plan should be provided for
this work  Any plan of testing should be under the control of the federal and
state livestoch authonties Expenence has proved that the best results have

TaBLE 2
Anaprasuosts CoxpLeseNT Frxarrov TESTs PERFORMED oN FIELD SERA AUcUsT 1958
ro Ocroser 1935

Sat rtmeny Net S p Post Tal (Bt
Californ a (Hawanan 1mports) 758 | 37 54 319 | 636
Alis ourt 453 29 551 | 16 15
Oregon {eastern) 1714 | 141 | 1558 | 3M3 | 4561
Tenpessee 24 |16 53 283 | 18 72

ey 308 | 40 34 ) 3181 106
Washington (Hawa an imports) 264 261

[awan

U S laboratory 14779 | 96 201 | 15169 | 19

Hawan laboratory 2518 | 30 22 | 2570 03

40004 | 369 | 2101 | 49477

Tt b g 41d m oty iMm aMm ™ !
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ANAPLASMOSIS
COMPLEMENT-FIXATION RESULTS ON SERUM COLLECTED
FROM SPLENECTOMIZED CALF #3958
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new laboratory does not have access to this record  When a satisfactory re
port on the coded samples has been received the laboratory 1s ready to do field
testing and 18 required to forward all posttive and an equal number of negative
samples to the Ammal Disease Station for chech testing  The serologst re
ports his findings at regular intervals to the Animal Disease and Parasite Re
search Branch at Beltsville where they are tabulated Duning the past 14
months surveys have been conducted in six states A total of approuimately
8 ~00 cattle were tested  Of this number 6 507 were negative 243 suspicious
and 1788 positne  The maidence of the disease ranged from no reactors 1n
the state of Washington to 45 6 per cent in eastern Oregon  Tests are also
being conducted 1n the states of Maryland Montana Oklahoma and Ransas
for which we have mcomplete or no data

Hauanan Program

Several cases of suspected anaplasmosis occurred on the Hawanuan Islands
1n Mav 1954 The diagnosis was later confirmed by subinoculations nto sple
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nectormzed cahves  The Hawanan cattle population consists of about 12 000
dury ammals and 150 000 beef cattle  Preliminary testing revealed that 39
per cent of 7000 dairy ammals and 1 6 per cent of 5 300 beef cattle reacted to
the complement fixation test for anaplismosis  As a result of this testing, the
Hawanan government decided to institute an eradication program and ar
rangements were made for the Fawanan Islands and the United States govern
ment to pay indemn1ty for cattle reacting to the test U to the present time
2 total of 40 939 ammals kave been tested 98 97 per cent or 40497 were nega
tive 030 per cent or 126 suspictous and 0 77 per cent or 316 positive  Ongt
nally all the testing 1w the Hawanan Islinds was done tn our laboratery  One
man tramed 1n our laboratory established the fest 1n a Jaboratory on the 1s-
lands and 15 now doing all the testing there  Brefly the following regulations
were adopted 1n September 1954 to prevent the spread of anaplasmosis m
fection all reactors are to be removed within 1> dass afier being identified no
additions are to be made until after the removal of the reactors alt herd add:
tions shall pass two clean tests at not less than 60 days mterval except that
cattle from herds officially declared free of anaplasmosis shall require one neg,
ative test

Insect vectors are not considered to be a major problem 1n the spread of the
dcease under Hananan condutions Tt 1s the opinion of the Hawauan hvestoch
officials that anaplasmosis can be eradicated from the 1slands in approumately
two years provided suffictent testing 15 done A summary of the tests con
ducted on field sera from August 1934 te October 1932 1s shown 1n TABLE 2

Future W ork

The test has been developed to the point where 1t 15 now accepted as a valu
able diagnostic agent for research investigations It remains however to be
tested under held exper:mental conditions to determine its value m control and
eradication programs A carefully thought out plan should be provided for
this work  Anj plan of testing should be under the control of the federal and
state livestock authonities  Dxperience has proved that the best results have

TasLE 2
Anartasuosts CoxpreMent FixatioN Tests PERFORMED ov FIELD SERA AUGUST 1954
70 OCTOBER 1935

v

Stt  temtry gt s;:au’r1 T tal wl'
Cal fornia (Hawa tan smports) 58| @ st | a0 636
M ssun 153 9 8 | 551 | 1615
O egon (eastern) 1714 141 1528 3413 | 45 64
Ten ssee 24| 16 53| 83| w72
Vigun 8 3104 | 40 3 | 1
Wash ngton (Hawauan 1mports) 264 61
Hava

U'S labo atory 19 | 96 | 291 | 15160 | 19

Hans 1 hboratary 718 | 30 | 25770

RS t 0017 |
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been obtamed 1n control programs when the diagnostic reagents, such as ant1
gen have been prepared and standardized m 1 central laborators It hasnot
yet been conclusively deterrmined whether anaplasmosis can be eradicated by
segregation or slaughter of reacting 2zmmals  Additional representative areas
of the United States should be sur eyed in order to obtam a true incidence pic

ture of the disease The following proposed experimental field evaluation
studies and accompanying regulations are suggested for federal state coopera

tive work It 1s planned to test individual herds totaling 8 000 or more cattle
and small areas such as townships in areas where the meidence 1s Jow as well
as other similar size areas where the madence 1shigh  The value of insectiaides
w these control studies needs reimvestigation  Insecticades should be used on
one half of the herds 1n a hughly nfected area with no nsecticides 1n similar
herds m this particular group  Another group of herds should be tested 1n
which the reactors i half the herds are 1solated from the negative animals  In
the balance of the herds m this group the reactors should remaun 1n the herds

The quarantme regulations recommended for these studies are as follons (1)
retest all clean herds annually (2) retest all infected herds at not less than 60

day wternvals (3) retest semuannually all clean herds that contained infection
the previous vear (4) hold all herd additions n quarantine until they have
passed two clean tests at not less than 60 day intervals (o) pass all clean herds
through two clean tests over a peniod of a vear before declaring them free of
anaplasmosis (6) pass all mfected herds through three clean tests over a pertod
of 1 year before declann  them free of anaplasmosis (4) Wdentify and brand alt

reactors

Summary

The procedure of the complement fixation test for anaplasmosis 1s essentially
the same as that ongmally used by the United States Furean of Animal Indus
try for the diagnosis of dourine and glanders with the exception of the antigen
Antigen 18 being produced m volume for imcidence surveys and experimental
eradiation programs This antigen when used m the complement fixation
test for the duagnosis of anaplasmosts 1s 9% per cent accurate An exper1
mental eradic.tian program 1> being conducted in the Haw wan Islands v here
st 15 believed the disease can be eradicated in a comparatively short tyme

Qulies made to evaluate the specificity of the te t showed no crous reactions
aith sera collected from animals affected with other diseases and cattle vac
cmated for brucellosis

Lirmted field surveys have shown that the maidence of the disease vanes up
to 4> per cent 1n certin areas of the Umted States

Future work 1s planned to determine practical methe 13 for controlling the
dheense m areas where 1t 15 endemic
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TRANSMISSION OF ANAPLASMOSIS

By Paul L Piercy
Departmeni of Phystology and Pharmacology Uni ersily of Georgra Athens Ga

Compared to some diseases the history of anaplasmosis dates back through
a relatnely short period of time  Nevertheless the occurrence of the malady
has produced major challenges to investigators n many parts of the world
One of the most interesting of these challenges was also one of the first to attract
the cuniosity of mvestigators and one that has continued to recerv e concentrated
attention since the disease was first recogmzed as a specific entity 45 years ago
Tt 1s concerned with the means by which the disease 1s perpetuated and 1t has
preaipitated large numbers of experimental transmission stuclies, the results of
which have helped to define the problems of anaplasmosis more distinctly
Although various agents have been mcriminated as potential vectors in nature,
an exhaustive study of all possible vectors has not been made
The agencies befitting the role of natural v ectors are arthropods of numerous
genera and species ncluding ticks so called horseflies and mosquitoes  Cer
tain of these are bological vectors and the remainder demonstrate the qualities
of mechamcal vectors  Man alsa s responsible for acaidental mechanical trans
mission at times when nadequate precautions are taken to prevent the transfer
of blood between ammals 1n the performance of common herd operative proce
dures  In addition 1t 15 indicated that the disease 1s occasionally passed on
from dam to fetus w1 stero
‘The purpose of this discussion shall be to compare the probable relati e roles
of transmitting agencies  The companison will be based largely upon the ep1
zootiology of the disease as obseryed especially in the southern and southw estern
segments of the United States where the chinical ncidence of anaplasmosis 18
enzootic in nature  Although the disease has been reported at tmes from many
states outside of this area 1its occasional appearance there frequently can be
traced bach to the acquisition of carner ammals onginating from infected areas
A carner ammal 15 defined as one that has recovered from an attacl, of the dis
ease, whether 1t be muld or severe and no longer reveals clinical or definite my
croscopic manifestations  Except 1n very rare instances such amimals harbor
the etiologic agent of anaplasmosis m their blood streams and 1n consequence
are latent infection reservours probably throughout the remainder of theyr Ines
The evidence 1o be presented supports the contention that Tabamdae are prob
ably the most important 1n the southern United States It 15 not meant 1o
mply however that tichs and other blood sucking arthropods might not be
the most 1mportant natural vectors 1n other geographi irews Jt seems rea
sonable to assume that probably most blood sucking nsects shoyld be con
sidered as potential vectors that may transmit anaplasmosis within the range
of their distribution 1f conditions for their feeding are optimal and 1f they are
active 1n sufficient numbers
Transmssion by Ticks

DPrroplasma bigeminum  the
and Ralborne! reported that causa
u\se‘:::m of piroplasmosis 1n cattle was transmitted by Boopinlns annulay

40
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m the Umted States They also observed abnormal microscopic structutes
other than P b:g:mmum m the blood of some of the ammals they studied de
scnibing them as ‘peripheral coccushhe bodies that were often present in the
ery throcy tes followig the occurrence of piroplasmosis  They assumed that
these mtracellular structures represented a late dex elopmental stage of P bigem
tmum and believed that the accompanying chmcal manifestations were in
dicative of a <econdary reaction to prroplasmosis  Dikmans? later made a care
ful analys:s of the results of the transmussion studies reported by Smith and kal
borne and found evidence that they had been successful n transmitting both
and anapl with B 1n at Jeast one anymal  That
ammal reacted to piroplismosis beginning 17 days after infected larvae were
placed on 1t and to anaplasmosis 36 days after placement of the ticks  The
peripheral cocci were observed to be present m 15 to 20 per cent of the ery th
rocytes on January 16 1891 This date would thus put on record the first
known successful expenimentat tick transmission of anaplasmosis  The pe
npheral coccushhe bodres described were those that are now recognized as
naplasma marginale
‘Thetler 5 work? 1n South Afnca reported mn 1910 definitely 1dentified ana
plasmosis as a disease sut generss and gave support to the fact that Smuth and
Rilborne had unknowingly menmunated B annnlatus as a natural vector of
both anaplasmosis and piroplasmosis  Thetler! later reported the successful
transmission of anaplasmosis by B decoloratus with mncubation peniods varying
from 52 to 100 davs and by Rispicephalus simus with an incubation period of
75 days
B annulatus was the only Lnown natural vector of piroplasmosis and ana
plasmosis in the United States at the ime the latter was identthed as a speaific
disease  This suggested a posstbility that both diseases might be eliminated
by eradicating lhat one vector The tick eradxcahan program subsequently
and

proved ut

1t ™as apparent th:\t vectors other than B mmulatu: ‘must also be capable of
transmitting that malady  This hypolll:sns sumulated extensne investigation
of the natural of anap n years 1n the hope of
constructing an effective vector eradication pattern Ior elimmating that disease
also  For many years mvestigators concentrated on the role played by ticks
An excellent review and tabulation of tick transmission studies by Dikmans®
and the histing of expenimentally capable tick vectors by Stiles? reveals the even
tual menimimnation of 7 genera and 19 species of expenimental tick vectors of
anaplzsmosns In alphabetical sequence they are rgas persicus Boop/lxlu:

B

i
D andersomr D occrdentalis D mnabzll: Hyalomma lu:xmnmtm lI uegyphum
Txodes ricinus I [2 Rinp

latus R bursa R emm R sanganeus and R sumus

Dikmans tabulation reveals that transovarnian transfer of the etiologic agent

{rom the engorged female tick through the egg to the larval stage has been ac

complished under e‘(penmenml condmons by Boophilus annulatus B decolora
D

tus Tvodes ricinus and
R]Llpl:ephalu: simus \Iechamcal transfer feedings that 1nvolved an mterrup
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TRANSMISSION OF ANAPLASVIOSIS

By Paul L Puercy
Deportment of Phystology and Pharmacology Unt ersity of Georgra tihiens Ga

Compared to some diseases the hustory of anaplasmosts dates back through
a relatively short period of time  Nevertheless the occurrence of the malady
has produced major challenges to mvestigators 1n many parts of the world
One of the most interesting of these challenges was also one of the first to attract
the curtosity of i estigators and one that has continued to receive concentrated
attention since the disease was first recognized as a specific entity 45 years ago
It 1s concerned with the means by which the disease 15 perpetuated and 1t has
precipitated large numbers of expenmental transmission studies the results of
which have helped to define the problems of anaplasmosis more distinctly
Although vanous agents have been incniminated as potential vectors i nature,
an exhaustine study of all possible vectors has not been made

The agencies befitting the role of natural v ectors are arthropods of numerous
genera and species including ticks so called horseflies and mosquitoes  Cer
tain of these are buological vectors and the remainder demonstrate the quahities
of mechanical vectors  Man also 1s responsible for accidenta] mechantcal trans
mussion at imes when inadequate precautions are taken to prevent the transfer

from dam to fetus sn ulero

The purpose of this discussion shall be to compare the probable relative roles
of transmitting agencies  The companson will be based largely upon the ep1
zootiology of the disease as obsers ed especialls an the southern and southwestern
segments of the United States where the clinical incidence of anaplasmosis 15
enzooticn nature  Although the disease has been reported at times {from many
states outside of this area 1ts occaswonal appearance there l’rcquenll} can be
traced bach to the acquisition of carrer ammals ongmating from infected areas
A carner amimal 1s defined as one that has recovercd from 1n attacl, of the dis
ease whether 1t be mild or severe and no longer reseals clinical or defimte m
croscopic mamfestations  Except in very rare instances sych ammals harhor
the etiologic agent of anaplasmosts m their blood streams and 1n consequence
are latent infection reservoirs probably throughout the remainder of their In¢s
‘The evidence to be presented supports the contention that Tabandae are prob
ably the most important m the southern United States It 15 poy meant 1o
mmply howesver that ticks and other blood suching rthropods might not be
the most important natural vectors in other geographic areas Iy seems rea
sonable to assume that probably most blood sucking insects shoutd be con
sidered as potential vectors that may transmit anaplasmosis within the range
of their distribution if conditions for their feeding are optimal and \f they are
actnve m sufficient numbers

Transmssion by Ticks
¢! reported that Puroplasma bigeminnm  the caysy

msen::)gl?ntn:;lpx}\nv‘g;::nosxa 1‘:? cattle was transmtted by Boophulus annulatys
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dergo digestion i the tick and becace the causatneagent of thedisease 1s stulf
retaned in one of mare subsequent cyclscal forms of the vector the Liological
survival time an the tk must necessanly be Jone  The means by shich this
etwlome agent 15 protected agamst destruction under these circumstances pre
sents a perpleung problem

Ticks vielding Regative transmission results have been reported by Sanborm
and Vloe® to wclude 1mblsomma amevicanum 1 cajennense  Dermocenior
nitens D porumapertus I venustus Hemsphvsahis leporss palusinie Txodes
sculptus Ormsthodorus meguome aud Q@ furtcats The negative results that they
reported for § amerzcanum have been confirmed by hierey and Schumdit?
and by Rees® These worhers were alwo unable to demonstrate transmssion
with § macuds ums Both of these {mdliomma species have been tested in al}
stages of development uming both camier and chmeally wfected animatsas the
wiectwon reservowrs  These ticks have recened speaal attention because they
arevery prevalent in southern Laited States and wfest cattle freely  Although
thewr leeding habits  developmental ey cles emvzonmental preferences and
ather quahties are closely comparable to other tichs 1t has not been possible
to’incriminate them as vectors of anaplasmoss

Tronsmission by Fhes

The persisting enzootic occurrence of anapia mosis m the southern Lmted
States along with the baown presence there of potential hatural vectors other
than ticks brought about & more misnsne investigation of transmitting agen
cies  Eyidence accumulated duning the past 2o vears has sncreasangly munm
smated horseflses especiatly Tabansdae spectes as an sy chase
of natural vectars of the disease  The first report of expenmental transmission
by thes was made by Sanbom ¢f of % and dates bak 161930 These wothers

ded 1 g anapl to a suxeptible cow by a total of 41
composste transler feedings with Tabgseus grocslis T swlesirons and Chrysops
sequax

Certamn enzootic features of anaplasmosis were obsenved by the author dunng
cansecutise seasons of tick and s transmussion stady m the Texas pulf coast
segron The ocrurrence of the disease foliowed 3 tvpucal seasonal pattem
shich the greatest chmeat inadence was from June to September or Gctober
The peak 1t inadence and the greatest reglonal distnbution were reached dunng
Sugust and early September  The mcsdence m other months of the year was
munmal and 1sofated  Dunng v ears of excessive ranfall the chinsal inadence
and distrbution was mathedly greater than dunmg vears m which seasonal
precipitaton approached the average (emnadentalh  the populations of
Tabamidae were closely corvelated with the madence of anaplasmoms  Few
«ases of the disease were observed before the fly season or several weebs after
harseflies had disappeared  Turther there was no obuvious relationshyp be
taeen the madence of A and the hing tich and popu
tations o

The natutal {eeding habits of Tabantdae provide a source of considerable tor
ment to host ammals  The dermal puncture wounds they mabe exidentdy
produce some degree of patn and after engorgement 15 corapleted and the mouth
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tion of engorgement on mfected animals and transfer of the ticks to permit com
pletion of engorgement on susceptible ammals by Booplulus calcaratus Derma
centor andersom Rinprcephalus bursa and trgas persicus adults have resulted
mn the expenmental production of anaplasmosis Transmission by nymphs
that had engorged in the lanval stage on infected animals and by adults that
had simitarly engorged as nymphs has been expenimentally demonstrated with
Dermacentor albipictus D andersomr D tariabilis Ivodes sca pularts Rlupry
cephalus bursa and R sauguinens The larval and nymphal progeny of e
lomma lusitamcum removed from an anaplasmosis carrier ammal failed to trans
mt anaplasmosis but the adults of that generation transmitted the disease
It1s evident that anaplasmosis transmission by many of the tick speces stud
1ed 1s not simply 2 direct and undelayed mechanical transfer but exhibits fea
tures 1dentify ing 1t as biological in nature  The etiologic agent 1s retained and
remains alive during the relatively long peniods of time required for the stage
to stage development of tichs and 1n some instances 1s even transmitted by
transovanan passage from the adult through the egg to the larva
The question of whether or not the anaplasma bodues leave the erythrocytes
after engorgement by the tick to enter 1ts tissue cells or by what other means
they may survive until ready for transmission to a new host antmal was 1y estt
gated by Condry and Rees’ Tich species studied by them i this iy estigation
were Dermacentor albiprctus and D 1anabilis for which stage to stage but not
generation to generation t has been demonstrated Cowdry and
Rees found that in freshly ingested blood the anaplasma bodies showed no ev 1
dence of actvity within the tich and that they were diested with the eryth
rocytes that contained them At a time when transmission was presumably
possible histological sections revealed no difierences between the infected and
nomnfected ticks
Work reported by Schmdt® sheds hght on the survival time 1 tar0 of ina
plasma marginale in carner blood held for different periods of time at room and
At 1ce box temperatures At the termination of each period 7 ¢¢ of the respec
tive sample were anoculated subcutaneously into a susceptible animal
Schmidt found the surnnal periods to be a maamum of 9 days at room tempera
ture and 11 days at ice box temperature
The author?® studied the survival of the causatnve agent 1n Tabamdae In
the first tnal five Tabanus sulufrons and one T enustus that hag fully en
gorged on a carrier ammal six days previously were used  The abdominal
contents were removed and pooled  They were crushed with mortar ang pestle
and then suspended 1n sterile physiological saline  Tour cc of this Preparation
were inoculated subcutaneously mnto an expenmental 1mmal that fajled 14 ge
velop anaplasmosis This ammal was later shown by moculation to be sus
ceptible  Fully engorged Tabasus afratits specmens were simularly employed
at mtervals of 6 20 and 48 hours following T n of
anaplasmoss resulted only from the 6-hour spetlr:ens At the time of pre
panog these 1nocula 1t appeared that digestion of the engorg,ed blood was com
lete n all but the 6-hour specimens These obsenations suggest that the
v sative agent of anaplasmosis 15 destroved in Ttbanidae by digestion
cmlliecnuse the engorged blood cells and the anaplasmata that they cantayy un

nt Tn: i
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dergo digestion 1n the tick and because the causatineagent of the discase 18 still
retamed 1n one or more subsequent cyclical forms of the yector the hiological
survnval ime in the tick must necessanly be long  The means by whick this
etiolo i agent 1s protected agamst d under these cire pre
sents a perplexing problem

Ticks yrelding negative transmission results have been reported by Sanborn
and Moe® to nclude {mblyomma amerscanuem 1 cagennense Dermacentor
miens D parumapertus D venusins Hemaphysalss leporss palustrs Izodes
sculptus Ormthodorus megmme and O turicata The negative results that they
reported for | americanum hive been contirmed by Dercy and Schmidt! !
and by Rees? These worhers were also unable to demonstrate transmrssion
with t maculatum  Both of these Amblyomma species have been tested m all
stages of development using both carner and clinically fected ammals as the
infection resenvowrs  These ticks have recenved special attention because they
are very prevalent 1n southern United States and infest cattle freely  Although
their feeding habits devel 1 cycles eny \ and
other quahities are closely comparable to other tichs it has not been possible
to teriminate them as \ ectors of anaplasmosis

Transrussion by I lies

The persisting enzooti. occurrence of anaplasmoss in the southern Unted
States along with the known presence there of potential natural vectors other
than ticks brought about a more tntensine 1mv estigation of transmitting agen
cies  Fuidence accumulated during the past 2> years has increasingly 1nenm
wated horseflies especially Tabanidae species as an estremely important class
of natural vectors of the disease  The first report of experimental transnussion
by flies was made by Sanborn ef a/ 1 and dates back to 1930 These worhers
succeeded m transmitting, anaplasmos:s to 2 susceptible cow by a total of 41
composite transfer feedings with Tabanns gracthis T sulcfrons and Chrysops
segnax

Certain enzootic features of anaplasmosts were observed by the author duning,
consecutive seasons of tich and fly transmission study 1n the Texas gulf coast
region  The occurrence of the disease followed a typical seasonal pattern 1n
which the greatest clinical madence was from June to September or October
The peak 1n ncidence and the greatest regional distribution were reached dunng
August and early September The incidence in other months of the year was
minmal and 1solated  During y ears of excessive runfall the clintcal incidence
and distrbution was matkedly greater than durmg years in which seasonal
precipitation approached the average Concdentally the populations of
Tabanidae were closely correlated with the 1ncidence of anaplasmosis  Iew
cases of the disease were observed before the fly season or several weeks after
:.mrseﬂx;s had disappeared Turther there was no obvious relationship be
l:’(:::s[ e incidence of 1 and the p Ling tich and quito popu

The natural feeding habits of Tabamdae provide a source of considerable tor
ment to host ammals The dermal puncture wounds they make evidently
produce some degree of pan and after engorgement 1s completed and the mouth
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tion of engorgement on infected animals and transfer of the ticks to permit com
pletion of engorgement on susceptible ammals by Booplnlus calcaratus, Derma
centor andersom: Rlupicephalus bursa and 1rgas persicus adults have resulted
n the evperimental production of anaplasmosis 7Transmussion by ny mph:
that had engorged i the larval stage on infected ammals and by adults thal
had similarly engorged as nymphs has been experimentally demonstrated with
Dermacentor albipicins D andersoms D 1ariabihs Irodes scapulanis Rhupt
cephalus burse and R sanguinens  The larval and nymphal progeny of H3a
lomma lusitanicum removed from an anaplasmosis carrier anymal failed to trans
mt anaplasmosis but the adults of that generation transmitted the disease

It1s evident that anaplasmosis transmission by many of the tich species stud
ted 1s not simply a direct and undelay ed mechamcal transfer but exhibits fea
tures 1dentifying 1t as biological m nature  The etiologic agent 15 retained and
remans alive dunng the relatinely long periods of time required for the stage
to stage development of ticks and 1n some mstances 1s even transmtted by
transovanan passage from the adult through the egg to the lanva

The question of whether or not the anaplasma hodies leay e the erythrocy tes
after engorgement by the tich to enter 1ts tissue cells or by what other means
they may survive until ready for trinsmission to a new host animal was mvest:
gated by Cowdry and Rees? Tick species studied by
were Dermacentor albipictus and D 1ariabilss for wiich stage to stage but not
generation to generation t; has been demonstrated Cowdry and
Rees found that n freshly ingested blood the anaplasma bodses showed no ev1
dence of activity within the tich and that they were digested with the eryth
rocytes that contaned them At a time when transmussion was presumably
possible hustological sectons revealed no differences between the infected and
nonifected tichs

Work reported by Schmudt® sheds light on the survival time 17 wiro of ina
plasma marginale in carner blood held for different penods of time at room and
atice box temperatures At the termination of exch period 7 ¢¢ of the respec
tne sample were inoculated subcutaneously nto a susceptible animal
Schmidt found the sun nval perods to be a maximum of
ture and 11 dys at 1ce box temperature

The author? studied the sunvival of the causatie agent in Tabamidae In
the first trial five Tabanus sulcifrons and one T enustus that haq fully en
gorged on a carrier ammal six days previously were used  The abdominal
contents were removed and pooled  They were crushed with mortar ang pestle
and then suspended in stenle physiological saline  Tour ¢ of thys Pprepiration
were Tated sub 1y into an L ammal that failed to de
velop anaplasmosis  This animal was later shown by inoculation to pe sus
ceptible  Fully engorged Tabauus alralus specimens were simlarly employed
at intervals of 6 20 and 48 hours following engorgement  Transmussion of
anaplasmosts resulted only from the 6-hour spercu}:mns \ldthe time of pre
paning these mocula 1t appeared that digestion of l: ¢ engorped blood was com

lete 1n all but the 6-hour specimens  The e obsenations suggest thyy the
v tive agent of anaplasmosis 1s destroyed 1n Tabamd1e bv digestion
cm)l;eamuse the engorged blood cells and theanaplasmata that they contain yy

y them m this iy estigation

9 days at room tempera
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by Morns ¢f ol and Sanders"” respectrvely  Other flies that have been
cluded 1n composite expenmental feedings with multiple species with positive
results by Howell ¢f al ' but have not been individually demonstrated to be
ectors are T fuscreostatus Chrysops segnax and Siltius pollinons  Stomerys
calertrans was reported by Sanders” to transmit the disease from an animal
with chmical anaplasmosis in one experiment that 1m ol ed direct and undelay ed
transfer feeding of sex eral hundred «pecimens

Transmssion by Vosquiloes

Howell Stiles and Moe™ reported that mosquitoes are capable of transmit
ting )l under exy 1 il They produced positive
t foa ble ammal after it undelay ed transfer feedings
from a clinical case with approumately 1300 specimens of Psorophora coliombiae
and P cltafa Tositne transmussion to another susceptible animal resulted
following 2 simslar procedure wath 241 speamens ancluding P ctltata P colum
biae and ledes aegypls <pecies  The sources of tnfection i the Jatter instance
miluded one ammal that was recovenng from chimcal anaplasmosis and one
with an active chinical case of the disease  The possibility of transmission by
mo quitoes from carner ammals was mvestigated m onenstance and transmis-
sion did not result  Tor this tnal a total of 494 mosquitoes were used 1nclud
ng specimens of I cthala P columbrae 1 sigmpenms I cyamescens and P
discolor

The authors believe that mosquitoes may at tumes be responsible for the
nateral transmussion of anaplasmosis that cannot otherwise be logically ex
plained esther by mechamical transfer through faulty herd management or by
arthropods other than mosquitoes They express the behef that transmission
by mosquitoes 15 dependent upon large numbers and fay orable conditions for
their feeding  Because of their Lurger size voracious feeding habits and preva
lence 1t 18 indicated that species of the Psoroplora genus may be the most 1m
portant mosquito vectors The authors stress, however that mosquitoes are
probably not hghly important in spreading anaplasmosis and that they are
responsible for active transmussion 1n relatively few mstances

Mechancal Transmission by Manual Manspulation

Rees'” demonstrated the ease with which anaplasmosis mav be transmutted
from iniected to susceptible cattle by manual mampulation  He was able to
transmut the disease with a lancet used first to puncture the ear vein of an 1n
fected ammal and then for immediate subcutaneous msert1on 1nto a susceptible
ammal It s evident that the amount of blood 1noculum necessary to produce
anaplasmosis 1n susceptible ammals 15 extremely small

Present krowledge indicates that the faulty use of surgical or other penetrat
1, instruments is sometimes a most impostant factor 1n the seasonal recurrence
of anaplasmosis outbreaks  In range herd husbandry cattle are commonly cor
ralled 1n the late winter or early spring months for dehormng castration vac
unation: blood sampling and similar procedures pertment to proper care and
maimntenance  If one or more anaplasmosis carrnier anumals are present i such
ammal eroupings  the unintentional transfer of mfective blood from carner to
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parts withdrawn blood often exudes from the wound  As a result of the pain
bost ammals often make an effort to stop the continued engorgement of the
flies by means of smitching tail movements and with sweeping head mos ements
over the sides and back which are the most commonly <elected engorgement
sites  The engorgement therefore 1s often interrupted and the fly must seeh
a new site to complete its meal The new site may be a new location on the
same host but not infrequently 15 on another anmmal in the same herd If
one or more of the first hosts attached have Anaplasma infected cells aarculating
m the penipheral blood stream the chances of mechanical transfer of mfected
erythrocy tes on the fly s mouth parts and the wmoculation of other animals are
greatly mcreased
Howell ef al ** reported positin e transmssion wath <everal <pecies of Tabanns
cluding americanus oklahomensis sulcsfrons abaclor equalts erythraens and
venustus  They expressed the belief that any <pecies of the genus Tobanns 1s
capable of transmitting anaplasmosis by 1ts natural feeding habits if 1t 15 actine
1n sufficent pumbers  Thes noted that flies that had first partiall engorged
on recov ered carner ammals and then completed feeding on susceptible amimals
were less efficient as vectors than those that had first fed on animals with chnical
cases It was also pointed out that positive tran mission failed to result when
transfer feedings between infected and su ceptible ammals nere mterrupted
for periods of five mimutes or more  The smallest number of undelaved trans
fer feedings from chinical cases with which the disease was transmitted by the
fly vectors uced by those worhers was 13 by Tabanus oklahomensis
The above obsenations are well substantiated by information included in
Dikmans ! tabulation of the expenimental results reported by vanous workers
who have mvestigated the role of Tabamdae as mechanical vectors  In 29 ex
penments i olving undelayed transfer feedings 1n whole or m part from am
mals with chimeal cases the dicease was transmitted 1n 59 per cent of the tnals
In 14 experiments using immediate transfer feedings from recovered carner
ammals transmission resulted 1n only 7 per cent of the suscepuble cattle
When only deferred feedings were employed anaplasmosis was not trans-
mtted by flies from either chnical cases or recovered carners
Tabamdae are vanable in size but larger than ticks and mosquitoes and
apparently a source of greater diccomfort  Cattle seem to male greater efforts
to prevent their attacks and to displace them from engorgement sites  The
switching tail and sweeping head moyements emploved by the host animal to
dislodge engorgng flies are not very effective in the dislodgement of engorging
tichs  These latter vectors benefit from a secure dermal attachment and a
smaller size that affords great protection in the hair coat of the host  Although
mosquitoes are less secureh attached to the shin duning engorgement than ticks
their small size also affords considerable protectton by the host s hair coat (i
the basis of the probable relanve frequency of interrupted feedings 1t appears
therefore that tichs and very probably mosquitoes are much less important
nical yectors
th:;:\ &:f::i::;::d carler that seven_pecies of Tabanmdae hadfbetn indnady
1y 1nc d as capable exp tal mechamical vectors of anapla mos)s
"T“o others Tabanus a'ratus and T fumipenms have been added to tins lisy




Prercy  Trinsnnssion of Anaplismosis 47

Discussion
Although numerous arlhmpmla h—n ¢ been found capable of transmittin,, ara
under the respective rofes played by them

under natural conditions need iunhcr study

Of the 19 species af ticks that have been expenimentally incnmunsted as po-
tential sectars of anaplasmosts in vanous countries of the world enly 6 occur
n problematecal proportions 1n the Unmited States  Dikmans® has evaluated
the relatis e importance of these 6 pecies on the basts of current experimental
and epizootiological knowledge e fecls there is convinang and sufficient
evidence to support the ¢ that De dentalis and probably
D albrpictus can be considered as vectors of anaplasmosis 1 mature  There »s
msufficient supportise evidence (o be equally positwve about D andersom D
rartobilis Txodes scapularis and irgas persins at s time

Thete 15 sufFaent evidence bath expenimental and epizootiological to iden
tfy Tabamdae 2s mpertant vectors 1 nature  Ther efficiency as agents of
teansnussion 15 not enly dependent upon undelayed tran fer feedings from n
fected to susceptible animals but 15 marhedly enhanced when the source of in
fection 1s an animal with cltnical anaplasmosis rather than a recosered carer
Ewvidence 15 too meager to ite the epecific role of mosquitoes as vectors 1 na
ture but, from all indications they are less important than erther ticks or flies
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susceptible ammals becomes an unquestioned and distinct posstbility  This
15 especially true 1f operative instruments are not cleansed of blood after the
work on each ammal 18 complete  When thus nmmal precaution 1s 1gnored
1t 15 not uncommon for active chimcal cases of anaplasmosss to develop within
30 or more days at a tume when horsefly and mosquito populations are begin
ning ther seasonal activity  The stage can thus be set for a seasonal outbreak
of the disease, the proportions of which will bear a close relation to the incidence
of mechanical vectors duning that season

Rees and Underwood ° presented data showing why mechanical vectors such
as Tabamdae are more effiqent transmitting agents when cattle with active
clinical cases rather than carriers are the sources of mfection  They found that
n carner ammals  1naplasma infected cells were more prevalent in the bone
marrow Inver, <pleen and lungs and that such cells were rarely observed in the
peripheral blood  Thus relation 15 reversed the acute case  Infected cells
are then prevalent 1n the peripheral blood upon which mechanical v ectors so
readily feed and relatively scarce m the internal organs

Lotze ! has reported positive transmission by Tabanus sulcifrons from a re
covered carmer ammal  His results suggest an optimal source of infection for
transfer by mechanical vectors that mernts further nvestigation  The infected
animal that Lotze used 1n this study was one i which {naplesma bodies were
found to be microscopically demonstrable m the peripheral blood 11 months
after clinical anaplasmosis had occurred  Transmission was readily accom
plished  While it 1s well known that dnaplasma bodies recur 1n the arculating
blood of sp! d carrters the freq: with which there 1s such recur
rence 1n intact recoyered ammals 1s not known  The fact that 1t might eccur
1n even a very small percentage of carriers however mav be important 1n eluct
dating the otherwise unexplainable ongmn of some of the seasonal outbreaks
associated with mechanical vectors

Transmission m Utero

1t has been indicated that calyes occasionally become infected with anaplas
mosts 4 tfero While 1t 15 not known how frequently this occurs 1t 1o recog
mzed that such ammals presumably remain permanent carriers  The author
found no evidence that the infection was transmitted 2 #'ero to any of more
than 100 calves secured as experimental amimals 1n a geographical region where
the disease 15 prevalent  Vost of these calves were subjected to splenectomy
without any recurreat mamfestations of anaplasmosis and upon moculation
with infective blood all proved susceptible to the disca e

Dykstra ef af ® made observations on 17 calves from anaplasmosis infected
cons All but one of these were free of infection at hirth the one exception
being a calf that was i the third month of fetal development when its dam haq
an acute attack of anaplasmosis  Of the 16 calves not infected o wiers 11
were the progeny of cons known fo be carriers and > were s wlero dunng the
acute cimcal attack of the respective dams A single attempt to transmut ang
plasmosts from dam to fetus for two or more generations was accompaned by
nexatine results  The evidence cuggests that transmission 2n ufero 15 nfre
quzm and a relatiely nsignificant factor m the propagation of anaplasmoys
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Introduction

There hve beesn ot Jeast §0 drugs proposed for the treatment of anaplas-
mons  The suggested efficacy of these agents has often been based on o smalt
number of chmeal cases with oa almost complete lack of prior mformation as
to 1hewr speasfic actwvity of fach of such actnaty agamst {naplosma marg ale
‘The host specificity of the parasite has defeated many efforts 1o evolve a screen
ing method that would adapt wself to the exammation of 3 large number of
compounds  The presious lack of a prefiminary sereen has been a majer stum
Hisng block m the Tational chemotherapeutic approach to the problem

Methods of Study

It s difficult to ebtam chnical cases of anaplasmon:s 1n yumnants other than
the adult bovise and aticmpts to grow even Amgplasma marginale 1n other
hosts or 10 arlehicial media have not been suceessful  The role of the spleen in
the host s response to anaplasmosts has long been recognized  An adult re
sistant carner anvmal will undergo a relapse following splenectomy  and calves
which st best exhibit only tmld symptoms of the ditase become susceptible
to acute anaplasmosis when splenectomuized  This bas lead to the use of sple

nectomuzed <abves {or the ¢h screensng p
In the followng expenments male calves were splenectormzed betneen 16
and 14 days of age and then Jated with 1 le 2 neeks

(3
fater  The moculum consisted of a subcutanenus injection of 5 cc of atrated
whole blood A common carner source mas used throughout these espen
ments  This carner was determuned! ta have the most virulent stram of Ing
plasma margunale avasable and i fact one of the most virulent that had ever
been encountered

Vanous phases of the disease m § calves were d by
Lotze~ and alse a1 Lowstana State Lonersity ¥ Baton Reuge Louwttans o
detesmune theie adaptabibty to a sureening method  The mncubation penod
saned nidely even when as o these expenyments a constant vedume of 1nocy
lum from a single source was used

1t should be ponted out that the meubation period 15 usually not longer than
60 days and that it can be entirely abohshed by massive transfusions of ghly
mfected blood  This wide vanation 1n the meubation peniod makees it an unde
sizable entenon of drug actnaty  Sumladdy the peak percentage of mfested
red blood cells cannot be utibzed as 1t vanes widely from anumal to animal
A peak wfestatson of 30 per cent of the red blood cells 5 hikely to result 1n Just
as severe symptoms and anema as i the mstance of 8 red cell infestation reach
g 8 per cent A splenectomszed calf that survives the iutial attack of ana
plasmosts often undergoes a recurrent seres of relapses of yarymg degrees of
seventy so that this pottion of the disease 1s not adaptable to the screemmg

1
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Tanie 1
VARIATIONS 1N THE IncunaTiov PERIOD OF 68 SPLENECTOMIZED CALVES*

1 cubate re od N mls Tebt | od Noof imls
11 davs 1 25 davs 3
12 days 3 26 days 2
11 days 6 27 days 1
15 davs 4 28 days 2
16 days 2 29 days 2
17 davs 3 33 days 1
18 days 3 34 davs 1
19 days 2 37 davs 2
20 days 7 39 days 1
21 days 6 10 days 1
22 days 2 41 days 2
23 days 6 44 davs 1
24 davs 4

Rag Mt s4cays M n2dy St d dd mt  +7dy

program  The only portion of the disease in splenectomized calves that 15 con
sistent enough to be used as a criterion for specthc drug actmaty 1s the rate of
wnfestation of red blood cells  The percentage of infested red bload cells doubles
approximately every 24 hours until a peak 1s reached (r1 prg 1} For a com
pound to exhubit specific activity agamnst the {naplasma marginale 1t would
have to alter this pattern of cell infestation

Results

The drugs previously used in the therapy of this disease can be classified as
arsenicals antimalanals antimony denvatives and dyes Two antmmalanals
chloroquine dihydrochlonde! and paludnne diphosphate * were subjected to
screensng with splenectomized calves In both instances very high dosage
levels failed to alter the course of red blood cell infestation (rrovre 2) and were
adjudged to be lacking speaific actvity agamnst Tnaplasma marginale

Chlortetracychne and oxytetracychne were also screened Chlortetracy
cline was administered intravenously at the rate of > mg I body weight at
varous stages of erythrocy te infestation  In all instances there wag no further
ncrease 1n the level of infestation following treatment (rrcure 3) Oxytetra
cychine gave sumilar results when admimistered intravenously at 2 5 mg /Ib
body weight  There was 100 per cent recovery n 32 ammals treated with these
antibiotics as contrasted with 80 per cent fatalities in 24 untreated splenecto
mzed calves* Chloramphenicol therapy resulted in a temporary mhibition of
red blood cell infestation which was confined to the period of treatment Sub
sequent cell infestation often reached %0 to 90 per cent of all erythroqy teg s

From these experiments 1t was apparent that chlortetracy chine anq oxy tetra
cycline had a demonstrable effect on Inaplasma marginale  Further expert
ments were conducted to outline the parameters of this 1 tion and 5 possible.
utity 1f any 1n the treatment of this disease  Submn xulations from chlor
tetracyclme and oy tetracycline treated ci:ltes mdicated that they were sty])
carniers of virulent 1naplasma marginale Several attempts were made to
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stenlize carmers of anaplasmo~is using large doses of chlostetracycline over a
short penod of tune  These expenments faled 1o nd carners of the mfection *
mn pite of the fact thar the blood of these animals was free of wifective ina
plasma marginale for a bref penod followang therapy * Similar results were
obtained when chlortetracy cline and ov tetracs Jie were admmstered at the
rates of >and 23 mg /b body weight intravenously for penods of 16 and 20
davsrespectinely ¥ Subsequen: expeniments with both anubiotics at increased
desage 1nvels over a penod of 20 days *® resulted 1 stenhization of the blood of
carner animals for at least 100 days and up to 360 davs at the la t determuna
tion  This was accompamed by the disappearance of inaplasmz marginale
complement fiving antibodies at an early date following therapy

The possible pmph) lactic appl of these anttb, plored. Cer
tawh f pretreatment could prevent or ameliorate an eprzootic a ur) real ad
vance wonld bave been rade It snon became apparent however that admin
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and the Rangelia) The farmly name Piroplasrudae was rejected by hum on
grounds that the genus babesia was created before the genus Prroplasma and
that according to the nomenclatoral rules the farily name chould be derived
from the oldest named genus 1n a group of closely allied protozoa  The separa
tion of the families was based on the fact that members of the Babesidae multy
ph within the erythrocytes giving mse to either two or four daughter
individuals while those of the Theleridae reproduce by schizogony m the
Ilymphocy tes and by bimary fission in the ery throcy tes
The classification of du Toit (1918) of the species occurring 1n domestic ant

mals 15 as folloss

Farily BABESIDAE Poche 1913

In this famuly are included the nonpigmented parasites of the ervthrocytes
of mammals which reproduce within these cells by division into two or four
daughter individuals.  They are transmitted by ticks belonging to the famly
Ixodidae Murray

Genus BABESIA Starcoviar 1893

They are mostly of irregular form though double pear shaped forms are
observed at a certam stage of the developmental phase Multiplication by
binary fission

Subeenus BABESIA (Starcovicr 1893)

Relatively small and 1regularly shaped parasites  Average length less than
25 mcrons  Multiphication by stmple binary fission
Babesia boris (Babes 1888) i cattle
B ous (Babes 1892) 1n sheep
B argenina (Ligmeres 1909) 1n cattle
B gibsom (Patton 1910) sn dogs and jackals (Cams anreus)
B duergens (M Fadyean and Stockman 1911) in cattle

Sutgenus PIROPLASMA (Patton 189%)

Relatively large binucleated parasites with a small compact and a large
less compact nucleus Typically they appear as double pear shaped forms
Average length more than 30 microns  Multiplication mto two takes place
by a budding, process
Prroplasma bigenwnum (Sputh and Kilborne 1893) 1n cattle
P cams Prana and Galh Valerio 189> m dogs
P caball: Nuttall and Strickland 1910 1n solipeds
P trautmann: Knuth and du Toit 1918 1n pigs

Genus NICOLLIA Nuttall 1908
Distinctly binucleated oval or pear shaped parasstes
daughter cells
Micolha quadrigesina (Nicolle 1907) 1n rodents (Ctenodactylus gondy) This
genus 15 not described 1n domestic ammals

Division 1to four



Part II Babesiosis

CLASSIFICATION TRANSMISSION, AND BIOLOGY OF
PIROPLASMS OF DOMESTIC ANIMALS

ByW O hatz

Department of Tropical Diseases Facults of ¥ elerinary Scrence Uns ersity of Preloria
Onderstep ort Unton of South ifrica

Discusston o THE CLASSIFICATION OF THE IIROpLASMS

Attempts at classifying the piroplasms of domestic ammals date back to
the time when Babes discor ered Babesia botts (Babes 188%) and B or1s (Babes
1892) m Romama Smith and Rilborne found Piroplasma bigemnum (Smith
and Kilborne 1893) in cattle 1n the United States of America and hoch
(1898) descnibed the infectious agent of East Coast fever of cattle in Tangan
yika Afnca It s interesting to note that both Roch (1898) and Therler
{1904) included the responsible parasite m the genus Piroplasma  The former
mestigator named the protozoon Piroplasma bacilliforms while the latter
assiyned the name Prroplasma parium toit A second parasite of cattle the
erythrocy tic stages of which resembled Piroplasma par-um was found by
Theiler (1906b) i South Africa It soon became evident that the latter tno
parasites could not be retained m the genus Piroplasma and therefore Betten
court Franga and Borges (1907) transferred them to a new genus Therlerta
As no schizonts (Roch bodies) had been obsenved 1n the des elopmental cycle
of Theilerta mutans du Tort (1918) placed 1t 1n the genus Gondersa  After 1t
had been established by several mnvestigators m Africa that hoch bodies do
occur in the life cycle of Gonderia mutans Theiler and Graf (1928) retrans
ferred this protozoon to the genus Therlersa  T'rom these brief ntroductory
remarks 1t becomes ev1dent that a great deal of confusion existed 1n the nomen
clature of this important group of organisms The wtiter does not hesitate to
say that much work will still have to be done before the classitication and the
nomenclature of the proplasms can be placed on a sound basis

Du Toit (1918) and Thomson and Hall (1933) bave grien the following brief
review on the classification of the piroplasms  I'ranca (1910) created the famuly
Piroplasmidae mto which he placed five genera namely Prroplasmag Patton
189> Theileria Bettencourt Iranga and Borges 190/ Vicollia \uteall 1908
Autlalha Tranga 1910b, and Smutlna Franga 1910 In 191/ and 1918 Franca
rewised this classification and included the genera Achrmaticus Dhomst 18992
b Ellepsisoma Tranga 1912 Paraplasma Serdelin 1917 Rangefia Canni and
Aaciel 1914 and Rossiella Nuttall 1912a 1nte the 1bove mentioned famyly

‘The first systematic study was that of du Toit (1918} who modited Tranga s
scheme Du Tort rejected the genera Achromahcus Flleipsisoma and f arq
plasma on grounds that they are not piroplasms  He retaned two famhes

besidae Poche 1913 comp «even genera (Babesra Starcovia 1893
Jasma \uttallie \tcollia Smithia Rossiella and Gonleria du Tort 1918
Theslernlae du Toat 1918 comprising ¢ genera (Therlersg

4

e
Prropi
and the famly
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and the Rangelr) The famly name Prroplismidae was regected by hum on
grounds that the genus Babesta was created befare the genus Piroplasma and
that sccordsng to the nomenclatorsal rules the family name should be dersved
from the oldest named genus i a group of closely alled protozoa  The separn
11on of the farmbies was based on the fact that members of the Babesidae muln
ply withim the enythroqytes giog mise 1o eher two or four daughter
individuals while those of the Thetlenid 7 by schizogony e the
Iymphacytes and by binary fission w the erythrocy tes

The classification of du Tost {1938} of the species occurrmg 1w domestic ant
mals s as follows

Family BABESIDAE Toche 1913

In this famuly are included the nonpigmented parasites of the ery throcytes
of mammals which repraduce within these cells by division mta two or four
daughter ind They ace d by ticks bel to the famly
Ixodidae Murray

Genuy BABESIA Starcona 1893
They are mosth of wreguiar form though double pear shaped forms are
observed at a certam stage of the devel 1 phase ! by
binary fission

Sub enus BABESIA (Starco e 1893)

Relatavely smalf and irregularly shaped parasstes  Average length less than
25 mucrons  Alaltiplication by simple binary fission
Babests borss {Babes 1888) 1n cattle
B 15 {Rabes 1892) s sheep
B grgentina (Lagméres 1909) m catile
B gibsons (Patton 1910} in dogs and jackals {Cams anreus)
B dirergens (M Fadyean and Stockman 1911) in cattle

Sut genus PIROPLASMA (Pstton 1895)

Refatnely large binucleated parasites with a smatl compact and s large
less compact nuclens  Typically they appear as dauble pear shaped forms
Average length more than 30 microns  Multphiatson snto two takes place
by a budding process
Prrgplasma bigemenum (Smuth and Ralborne 1893) i catile
£ canas Prana and Galh Valerio 1895 sn dogs
P caboll Nuutall and Strickland 1918 1 solipeds
I trextmanne Routh and du Toit 1918 in pigs

Genus NICOLLIA Muttall 1908

Distinctly bucleated oval or pear shaped parasites  Duision iata four
daughter cells
Mecollia guadrigemua (Mcolle  1907) n rodents {Clenodactylus gondsy  This
genus 15 nat deserbed 1n domestic animals
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Genus NUTTALLIA Franga 1909

Oral or pear shaped parasttes that diide mto four, producing the cross
arrangement o typical rod forms are seen
Auttallia egur (Laveran 1901) m solipeds
Muttallia sp (Dschunhowshy and I uhs 1909) 1n sheep 1n Transcaucasia
V asun (Dschunkowshy and Luhs 1913) 1n donheys
Autiallic sp (Dschunhowsky and Luhs 1913) 1n horses in Transcaucasia
Genus SMITHIA Tranga 1910
Parasites that are pear shaped and stretch across the cell Dnvision mn the
cross form
Smtlna mucrots (Franga 1910) mn the field mouse
S talpae (Galh Valerio 1913) 1n the mole This genus 1s not descnbed in
domestic animals

Genus ROSSIELLA \uttall 1912

Parasites are large and rounded in shape  One to four parasites occur 1n
an ery throcy te
Rossiella rossi (Nuttall 1910} 1n the jackal (Cams adusius)  This genus 1s
not described 1n domestic anmmals

Genus GONDERIA du Toit 1918
Parasites are round oval or rod shaped Division 1nto four in the cross

ar The daughter forms are composed mostly of chromatin
Gonderia mutans (Theiler 1906b) 1n cattle

G Iurcs (Dschunhowsky and Luhs 1909) in goats

G buffelr (\even Lemaire 1912) 1n buffaloes

G camelensts (Yakimoff and Schokhor 191/) tn camels

Family THEILERIDAE du Toit 1918

Endoglobu T d blood which are transmteed by ticks
belonging to the family Ixodidae Multiplication chiefly in the cells of the
Iymphatic system

Genus THEILERIA Bettencourt Franga an| B rges 1097

Small round or rod shaped parasites  Multipliation by di 1100 Into two 1n
the red blood cells or by schizogony n the cells of the Iy mphae system
Theileria par-a (Theiller 1904) m cattle
Th annulate (Dschunkowshy and Luhs 1904) m (attle
Th o ts (Lattlewood 1915) in sheep

Cenus RANGELIA Canni and Maciel 114

Parasites are round oval or pear shaped  Multiphcation by gy 18100 mto
tno mn the red blood cells or by schizogony tn the endothelial celts
Rangela tttall (Pestana 1910) 1n dogs

Wenyon (1926) cntically reviened and completely reviscd du Toy g classt
fication In the fammly Babesidae he discarded the separate generc names
Piroplasma Nwollia \uttallia Smillig Rossiella and Gon lerta as wel} 55 the
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genenc names Bobestella of Mesml (1919} and Microbubesia of Sahns (1918)
and substituted the single genus Bebewa  In the famly Thedendae he re
1amned the single genus Theler s and rejected the penenic name Aamgeha (Ran
geha tatalli Pestana 1910) on the grounds that there 15 sufficient evidence
to Justify differentirtion of this parasute from Babesia cams (Fana and Calh
Valerio 1893} He reranded the schizonts of R wéalsy as m reabity nothing
other than Toraplasma or phagocy tosed organssms
Wenyon s revised clasafication of the proplasms 13 as follons

Suborder PIROPLASMIDEA Wenyon 1976

In thes suborder are included centn parasites which inhabit red blood
corpuscles of mammals but do ot form the pgment (hemozomn) characten tic
of membiers of the geners Haemaprotens hruse 1590 and 2 lasmo fuem Marchia
fava and Cel 1985 Each parasite consssts of a minute portson of 3 toplasm
and a nucleus and in dry films stained by Romanowshy stasns ¢ appears as o
blue staimng ¢y toplasm and a red stamng chromatin portion conssting fre
quently of a red granule wmith a stung of hner granules evtendang from n
When a vacuole 1s present m the cyvtoplasm 1s 15 not infrequentiy the case
1tmay be difficult to distinguwish from a y oung ring form of 2 matartal parasite
W hereas the majorty of the malanal parasttes reproduceby a processof schizog
ony and gne nse 10 a fawly large number of merozostes the piropla mata
reproduce by a dwston into only two or four daughter mdividuals  However
certain members of the genus Plasmodiem as for snstance J minasense
Cann and Rudolph 1912 of hzard  dinvadento or rather bud off four mero-
zostesonly and were st not for the pigment nhach 1s present 1t would be impos-
sible to distingmsh these from certain prroplasmata such as Babesta quadr
gemna and Lchronsolicus vesperginet Dionrst 1899 which reproducema simslar
manner  These forms appear to stand as a connecting dink between the Haemo-
spondndes and the Prroplasmidea  (The exoery throcy tic schizonds hase not
yet been demonstrated m P! munasense )

A parasite of cattle {Thesdersa parsay the cause of East Coast fever differs
from other piroplasmata 1 that a defimte schizogony process oceurs not
the erythrocytes but 1n nternal organs within the cells of the tvmphocs i
series The schuizonts {hoch blue bodwes) produce a large number of mero-
zottes and on thss account 1t 15 impessible to group this form with the members
of the genus Babesis which reproduce only tm the red bload corpuscles

Family BABESIDAE Poche 1913
Genus BABESIA Starcovies 1893
Ssnonyms  Poplosms Vicollia \ultallie Rosssells Smythns Gonderis
Rabesrelle Yicrobabesia and ickromaticus
Family THEILERIDAE du Toit 1918
Genus THEILERIA Bettencourt Franga and Borges 190

Genus RANGELIA € 1nc and Macel 1914
Regarded as an inabd genus
Thus classiication based on essenuial morphological charactenstns was
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accepted by Doflein and Reichenow (1929) and by Thomson and Hall (1933)
but not by Donatien and Lestoquard (1930), nor by Yakimoff (1931) Wen
von s scheme has nevertheless reduced to simplicity the rather confused nomen
clature of the prroplasms
In adopting the single genus Babestg m the famuly Babesidae W eny on {1926)
drew attention to the fact that both in cattle and m sheep the parasites could
be separated on the basis of size 1nto three groups namely large mtermediate
and very small forms  The species in cattle became Babesia bigemna (Smth
and Kalborne 1893) (largest form) B b0 s (Babes 1888) (intermediate form)
and B mutans (Theller 1906b) (smallest form) The species I sheep were
named Babesta motas: Wenyon 1926 the largest form B otss (Babes 1892)
the intermediate form and B sergents Wenyon 1926 the smallest form
Subsequent studies by Theiler and Graf (1928) ind Lestoquard (1929) however
on the smallest forms n cattle and sheep 1n which schizonts were ey entually
found showed that these parasites could no longer be retamed n exther the
genus Babesie or Gonderie These investigators transferred the parasites to
the genus Thederza
Donatien and Lestoquard (1930) revieved the classification of the piroplasms
of domestic ammals and disagree entirely with Wenyon s rejection of certam
genera  They adopt two families, namely the Piroplasmidae and the Theilert
dae and are of the opimon that on morphological biological epizootiological
and pathological charactenstics three genera should be retamed 1n the famly
Piroplasmidae for the piroplasms of cattle sheep horses dogs and pigs
The classfication of Donatien and Lestoquard 1s as follons
Family PIROPLASMIDAE Franga 1910
Genus PIROPLASMA Patton 1895
Sut genus PIROPLASMA (Patton 1895)
Piroplasma bigeminum m cattle
P orts mn sheep
P cabally m horses
P cams n dogs
P trautmanny 1n p1gs
Subgenus BABESIELLA Mesnil 1919
Babestella boris in cattle
B argenting m cattle
B berbera 1n cattle
B major 1n cattle
B o~is 1 sheep
Genus NUTTALLIA Franga 1910
A uttaha egue 1n solipeds
Family THEILERIDAE du Tait 1918
Genus THEILERIA Bettencourt Franga and Borges 197
Theiera parta n callle
Th mutans 1 cattle
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Th dispar n cattle
Th o+1s m sheep and goats (pathogenic)
Th recondita 1 sheep and goats (nonpathogenic)

In the above dlassification Donatien and Lestoquard (1930) contend that
size morphology and position of the parasites 1 the ery throcy tes yustify the
retention of these genera  On thus basis and on the absence of cross immumty
1n two of the species they conclude that actually four Babesia species occur
i cattle  These are differentiated as follows

Buabestello borss (Babes 1883)  Parasites appear as pear shaped (1 microns
to 20 mcrons 1n length) or amoeboid forms (10 mucrons to 15 microns 1n
diameter) They are commonly situated on the penphery of erythrocytes
Angle of divergence between two pear shaped sndivduals 1s obtuse

Babesiella argentma (Lignidres 1909) resembles B borss very closely, but
differs from the latter 1n that it 1s chiefly situated centrally

Babesiella berbera Sergent Donatien Parrot 1estoquard Ilantureux and
Rougebief 1924b possesses the same features as B argenfina but can be dif
ferentiated from 1t by the absence of 2 cross immumty

Bubestells magor Sergent Donatien Parrot Testoquard and Plantureux
1926  Its relatively larger than B botss  The diameter of the round forms
15 1 8 mucrons and the length of the pear shaped form 1s 2 6 microns  These
organisms are situated centrally in the erythrocytes

‘Thomson and Hall (1933) agree with Donatien and Lestoquard (1930} that
the vanous morphological differences> such as size and shape and mode of
reproduction Justify the differentiation into species in cattle namely Babesia
(Prroplasma) bigemna and Babesta (Babesiella) borss  On morphology alone
1t 15 1mpossible to differentiate B argenting B berbera and B major from B
borts  Richardson (1948) contends that absence of cross immunity between
B berberaand B argentina which resemble each other morphologically cannot
be used as a basis of differentiation between species  He 1s of the opinon that
B berberg bears the same relationship to B argentina as one stram of B cans
does to another (1t has been shown that immunologically different stratns occur
m B cams) Furthermore Richardson states that on this ground B berbera
should be considered as an Afnian strain of B argenting

Donatien and Lestoquard (1930) stress that trypan blue 1s a speaific 1n the

of Prropl i but has al 1o action on the Babe
stella species  On this feature alone they mamtamn that there 1s sufficient
reason for retaimng separate generic names

In his attempt at classifying the piroplasms of cattle Yakimoff (1931) modi
fied the scheme of Donatien and Lestoquard (1930) He disagrees with the
views of the French worker as far as the efficacy of trypan blue 1s concerned
1n the treatment of bovine babesielloss but accepts the difference between the
mmmunological properties possessed by the Babestella species as a ba 1s for dif

ferentiation between <pecies He concludes from his expenence that trypan
blue 15 speaific for Babestelle bo 15 and not for the other Babestells species
B boms (Babes 1888) 1s placed 1 the subgenus Babesiella  The remammg
Babesiella species are transferred to the ubgenus I'rancaelle  The species
of the latter subgenus are divided nto two types namely small and large
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Yahimoff differentiates between the species of each type on grounds that each
of them possesses distinct immunological propertres
Yahimofi s classtfication of the piroplasms 1n cattle 1s as follows
Genus PIROPLASMA Tatton 189>

U d endoglot T Besides the pear shaped forms which
often occur 1n pawrs there are nng and elliptical forms  This genus can be
dnvided mto two subgenera

Sut genus PIROPLASMA s str

The typical forms are pear shaped often occur in pairs and are situated
centrally in the ery throcytes  The angle of divergence betw een two ynd iduals
1s always acute  1he length of these forms 1s more than half the drameter of
the ery throcy tes and harbor no less than two chromatin msses  Round forms
may also be een Trvpan blue 1s specific

Piroplasma bigemunum
Sul genus BABESIELLA Mesnil 1919

1ear shaped ning and elliptical forms  The Jength of the pear shaped forms
15 equal to or less than that of the radws of the ery throcytes  The angle of
drvergence between two indnviduals 3s usually obtuse I arastes are situated
penipherally or centrally  One chromatin mass 1s seen m the pear shaped
forms Round forms are more common than pear shaped forms Trypan
blue 1s not always effectve  This subgenus can be divided 1nto two groups

Group BABESIELLA s str

Pear shaped ameboid or ning forms which are situated renpherally 1n the
erthrocytes  Length of the pear shaped forms less than half the diameter of
the erythrocytes  \umber of parasitised red blood cells may be very large
Trypan blue 1s specific

Babesiella bouts
Croup FRANCAIELLA Yahim>ff 1924

Pear shaped nng and ameboid forms are situated centrally m the ery thro
cytes Length of the pear shaped forms 1s equal 1o or less than half the dy
ameter of the erythrocytes [ercentage of parasitised ery throcytes 15 small
Trypan blue 1s not specttic

Type 1 Length of parasite smaller than that of radius of erythrocy tes
Francaiella caucasica F ocadentalis

Tvpe 2 Tength of parasite the same as that of radws of
Tranemella major I colchnca

Consideration of Yakimofl s classitication clearly indicates thay
cannot be readily applied 1 practice  In some if not m all (aces 2 diagnoss,
would mvohve conducting treatment with trypan bluc in order 1o determme
the subgenus and undertaking a <eres of cross immumiy tests for establishing

the species
Th[:\\ niter has discussed the scheme on the dassuicition of the Babesieltg

Ty throcy tes

his scheme
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species asindicated by the 1renchand Russianimestigators with L C Newton
from Australa I Tzur from Israel and James Carmuchaeland U T Richard
son from Tngland and ngrees with them that studies on the morphological
biological epidemniolopical patholo eal and chemotherapeutical charactenstics
of these protozoa should be conducted at a central laboratory  The results of
such mvestizations will undoubtedly establish whether these protozon are
distinct spevies or simphy stramns of B borts varying in virulence and immuno
gematy

Another contnibution to the classiication of the piroplasms 1s that of \eitz
and Steyn (1944) who revised the nomenclature of the canine Babesia species
Until 1938 1t was generally accepted that B camis 1s specific for the dog  This
conception had to be abandoned when Schoop and Dedie (1938) demonstrated
that the silver fox 1s susceptible to B cams  This observation naturally sug
gested that further work should be undertaken in order to establish whether or
not the conclusions of Lounsbury (1903a) \uttall and C raham Smuth (1909)
and Mettam (1933) regarding the msusceptibility of two species of Afncan
Jackals (Thos speaies) to B cams were justified N\eitz and Steyn {1947)
successfully transmtted B cams to and from susceptible splenectomized jack
als back into dogs without any dufficulty I'rom this they concluded that B
€ams 15 not a monoxenous protozoon but hike B grdsont a stenoxenous para
site This ob ervation also permitted them 0 revi.e the nomenclature of the
camine Babesia species as mdicated below

Tor the sake of completeness 1t 1s necessary to add the views of Leichenow
about the Babesia species occurnng indogs  He concludes from the tick trans.
mussion expenments conducted by Nieschulz and Wawno Roentoe (1934) and
those undertalen by himself (Reichenow 1935) that several distinct species
occur 1n nature  He bases the differentiation on the vector spearficity and on
the absence of a cros 1mmumty between the parasites transmitted by them
The mame B cams he retains for the parasite transmatted by the ek Derme
centor margnatis and assigns the name b rogels (Reichenow 1937) for the
protozoon transmitted by Rinpicephalus sangumens  He also states that B
10gels 15 larger and less pathogenic than B cames Y urthermore he suggests
that B cams which 1s transmutted by Haemaphysalis leachi 1n South Africa
15 n all probability yet another distinct species  Enigk (1944b) on the con
trary comes to the conclusion that vector specificity cannot be used as a basis
for the differentiation between species  He showed that the B canis stran
that he obtained from W Riluth (Elberfeld Germany) can be transmutted
by Rinprcephalus sanguinens Dermacentor prctus and Hyalomma marginatum
The inability of transmitting P cams by certain ticks 1s obviousl attnbutable
to as yet unhnown factors

The classification of Nertz and Steyn (1947) of the Bobesia speaes of the
family Camdae 1s as follows

Famly BABESIDAE I oche 1913

Babesta cams (Prana and Galli Valeno 189)

Synonyms Prroplasma cames (Frana and Gall \ aleno 1893) Proplasma
rosst Nuttall 1910 Rosstella rosst (Nuttall 1910) Babesie rosss (Nuttall 1910)
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Babesia gibsoms (Patton 1910)
Synonyms Puroplasma gibsom Patton 1910 Theieria spectes Yahimoft
and Schokhor 1917 Nuttallta baury: I eger and Bedier 1922

Babesia 1ogelt (Reichenow 1937)
Svnonym Babesia major Reichenow 1935

The last contribution on the revision of the classification of the group of
piroplasms commonly referred to as Theilerias has recently been submitted
by Neitz and Jansen (1956) for publication 1n the Onderstepoort Journal
These workers have come to the conclusion that the Theilerias can no longer
be retamed in the suborder Prroplasmidea  Before continuing with the revised
classification of the Theilerias the sahent features ansing out of the discussion
on the Babesia species as well as the classificatory hist of these protozoz will
be gnven first

ConcLusions REGARDING THE CLASSIFICATION OF THE BaBEsi1 SpECIES

Having surveyed in detail the complicated histony of the nomenclature of
the Babesia species and having mndicated the critena used by Wenyon (1926)
Thomson and Hall (1933) and Neitz and Steyn (1944) for what appears to be
a more satisfactory basis for their classification the revised classification 1s
presented below in summany form  For the sahe of completeness the generic
and specific names as well as the genenc and specitic s nonomy as hsted by
Tranga (1918) du Tott (1918) VWenyon (1926) Donatien and Lestoquard
(1930) Yakumoff (1931} Neveu Lemaire (1943} \eitz and Stevn (1947)
and Doflein and Reichenow (1933) are included It 1s self evident that this
scheme will have to be revised as our knowledge on the Life cycles of these
protozoa 1 both the vertebrate and iy ertebrate hosts and of therr biological
properties 1s worhed out in detasl  In this connection 1t should be mentioned
that Reichenon (1938) has suggested that the Babesia spectes bear some re
semblance to the Amocbe and that they may in future be included m the class

Rhizopoda
The classification of the Babesta species 1s as follows

Suborder PIROPLASMIDEA Wenvon 1976
Family BABESIDAE Poche 1913
Genus BABESIA Starco 101 1523
Synonyms Piroplasma Patton 189> Ickromati us Diomg 1899
Nuttall 1908 witallie Franga 1909 Smuthie Franca 1909 Rossiella N:;:Inll,]a
1912 Microbabesia Sohns 1918 Gonderta du Toit 1918 Babeselly Mesm]
1919 1 rancatelle Yakimoff 1926

Spectes of Babesia s caltle

Babesia bomis (Babes 1888}

Synonyms Haemalococcus bo 1 Babes 1888 Babesta botrs Starcoviey 1893
Piroplasma bors 1atton 189> Piroplasma ditergens M Fadyean ang Stock
man 1911 Vicrobabesia dizergens Sohns 1918 Babestella botss Mesny 1919
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Babesia bigeming (Smuth and kalborne 1893)

Synonyms  Pyrosoma bigernnm Smmth and Ralborne 1893 Apiosoma
bigemuniem \andolleck 189> Piroplasma bigemnnum Patton 189> Prroplasma
australe Miranda and Parreiras Horta ? Babesta hindsonius borss Bowhill
1909
Babesia argentine (Ligméres 1909)

Synonyms Piroplasma argentinum Lagmiéres 1903, Trancarelle argenting
Yahimoff 1926
Babesia berbera Sergent Donatien Parrot Lestoquard Flantureux and Rouge

bef 19243 b

Synonyms Fraucaiella cancastea Yakimofl and Bélasine 1976 2 Iran
carella ocedentalis Yalimoff and Bourzeff 1927
Babesia magor Sergent Donatien Parrot Lestoquard and Plantureux 1926

Synonym Francarellz colchica Yalamofl 1928

Spectes of Babesia 1n sheep and goals
Babesia molass Wenyon 1926

Synonyms FHaemafococens ot1s Babes 1892 part  Piroplasma ouss Lesto
quard 192>
Babesia 015 (Babes 1892)

Synonyms ITaematococcus orts Rabes 1892 part Babesia oms Starcoviar
1893 Piroplasma ous Laveran and Nicolle 1899 Piroplasma Jrc: Dschun
Lowsky and Luhs 1909 Babestella otss T estoquard 1924

Species of Babesia specific for sheep
Babesia foliafa Ray and Rbhaghavachan 1941

Specres of Babesia so far recorded only in o goat
Babesia taylons (Sarwar 1935)
Synonym Piroplasma laylors (Sarwar 1933)

Spectes of Babesia 31 members of the family Equidoe (horses ete)
Babesia caballs (Nuttall 1910)
Synonym ¥ roplasma caballs  Nuttall 1910
Babesia eqtis (Laveran 1901)
Synonyms Piroplasma equs Laveran 1901 Mutfallia egmr Laveran 1901

\utlallia asiny Dschunkonsky and Luhs 1913 ? Muttallia mnor Sassuchin
1933

Species of Babesa 41 members of the family Camdae (dog jackal etc)
Babdeste cas (Prana and Galh Valeno 189)

Synonyms Pyrosoma bigeminum var cems Piana and Gall Valeno 1893
Piroplasma cams (1iana and Gallt Valerio 1895) Babesia roxs: Nuttall 1910
Rossiella ross1 Nuttall 1912
Babesta 1ogel (Reschenow 1937)

Synonym Bgbesie major Reichenow 193>
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Babesia gibsons (Patton 1910)
Synonyms Piroplasma gibsom Patton, 1910, Thelerta spectes Y akmoff
and Schokhor 1917 \uttallia baury: Leger and Bedier 1922

Babesta 1ogels (Reichenow  1937)
Synonym  Babesta magor Reichenow 1935

The last contnbution on the revision of the classification of the group of
puoplasms commonly referred to as Theilerias has recently been submitted
by Nettz and Jansen (1956) for publication 1n the Onderstepoort Journal
These workers have come to the conclusion that the Thelerias can no longer
be retained in the suborder Piroplasmudea  Before continung with the revised
classification of the Theilerias the salient features ansing out of the discussion
on the Babesia species as well as the classificatory list of these protozoa will
be given first

ConcLusions REGARDING THE CLASSIFICATION OF THE B4sestd SPECIES

Hauing surveyed m detail the complicated history of the nomenclature of
the Babesta species and having indicated the critena used by Wenyon (1926)
Thomson and Hall (1933) and Neitz and Steyn (1947) for what appears to be
a more satisfactory basis for their classification the reyised classification 1s
presented below 1n summary form  For the sake of completeness the generic
and specific names as well as the generic and speaiic synonomy as listed by
Franca (1918) du Toit (1918) Wenyon (1926) Donatien and Lestoquard
(1930) Yalamoff (1931) Neveu Lemaire (1943) Neitz and Steyn (194+)
and Doflem and Reichenow (1923) are included It 15 self evident that this
scheme will have to be revised as our hnowledge on the hfe cycles of these
protozoa in both the vertebrate and invertebrate hosts and of their brological
properties 1s worked out m detaal  In this connection 1t should be mentioned
that Rechenow (1938) has suggested that the Babesia species bear some re
semblance to the 1moeba and that thev may n future be included 1n the class
Rhzopoda

The classification of the Babesia species 1s as follows

Suborder PIROPLASMIDEA Wenson 1976
Family BABESIDAE Poche 1913
Genus BABESIA Starcovicr 1893
nonyms Piroplasma Patton 189> Achromatious Dionisy
\fz)mu Y005 Nwillia Tranga 1909 Swiing Iranca 1900 Rn.r]x?egl?a Q.’,ﬂ‘:ﬁf{’
1912 Mcrobabesta Sohns 1918 Conderia du Towt 1918 Babesiellq Mesnil
1919 [rancatelle Yakimoff 1926

Spectes of Babesta 11 catile

Babesia borss (Babes 1988)

asynon)-ms Haemalococcus borts Babes 1888 Babesia bovrs Starcoy 10 1893
Piroplasma botis Iatton 189> FPiroplasma divergens \I I adyean anq Stock
man 1911 Microbabesia ditergens Sohns 1918 Babesiella borss Mesmi 1919
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other cattle and by the fact that ticks may still infect themselves It should
be mentioned at this stage that the des elopment of 2 stenle immunity follow
g recovery from Fast Coast fever 1s based on field observations made by
Theder (1921) Ihe fatter s conclusion was subsequently confirmed expen
mentally by du Toit (1925) and by \eitz (1948)

The comments of Wenyon (1926} on the behavior of the en throcy tic stages
of Th parta and Th mutans re significant af one considers the basis on which
the family Plasmodidae Mesm] 1903 1s differentiated from the family Haemo
proterdae Doflein 1916 In the former the schizojony occurs esther in the
endothelial cells imng the blood caplianes or i the hepatic cells as welt as in
the ervthrocy tes which also harbor gametocytes  Tn the Haemoproteidae the
schizogony cvcle occurs n the endothelial cells Lining the blood capillanes and
the forms that appear in the red blood cells are gametocytes A similar differ
ence eusts between the Iife cycles of T parcg and Th mutans and hence 1t 1s
beheved that this Justtfies a revision of the classification of these theilenas of
which the vertebrate cycle of development 1s Anown  The hope 15 expressed
that this amendment will lead to a clearer understanding of the infectious agents
responsible for East Coast fever and allied diseases

‘The genenc and <pecific nomenclatures of the Therlerta species have under
gone several changes  Ongually the first three distinct spectes descnibed from
cattle were mncluded 1n the genus 7 iroplasma Patton 189> and were named
P kocl Stephens and Christophers 1903 (= P pariwm Theller 1904) P
annulatum Dschunkowsky and Luhs 1904 and / smufans Thelder 1906b
Bettencourt Franca and Borges (190/) compared the hife ¢y cle and morphology
of P bigenunnm Smuth and Rilborne 1893 with that of P parrum and I an
nudatm and concluding that the presence of schizonts in the deselopmental
cycle of the latter two protazoa justified their removal fram the getus LPiro
plasma placed them 1n a new genus Therlersa  The organisms were renamed
Theilerse paria and T/ exlerta annulate ¢ Franga (1909) transferred P mutans
to the genus Thedersa even though he was aware that schizonts had not been
demonstrated in the life cycle of this protozoon He considered that the re
semblance that exists between the erythrocvtic stages of F mutans and Th
parta was sufficzent reason for changing the genenc name  Franga  modifica
tion of the nomenclature was not generally accepted Thele Gray and
Power (1914) who had seen the cross forms 1n this parasite suggested that it
would be more reasonable to include P mntans 1n the genu \utlallia Yranca

1910 1n which the same mode of multiplications occurs

From this brief historical review 1t becomes apparent that no less than four
genen names namels Prroplasma Thederia Gondena and Babesia had been
assigned to the protozoon Piroplasma mutans  Brumpt (1923) concludes from
circumstantial evidence that Theiler s species of Prroplasma belongs to the
genus Thedena  No comvinang evidence was available for the valdity of
any of the above mentioned genera until \iljoen (1923) ‘Martinagla (1924)
Valjoen and Martinagha (1928) Doyle (1924) and Curcon (1928) found sch:
zonts 1n calves hatbonny, Gonderia mutons  These observations prompted
Theler and Graf (1978) to study the Life cy cle of this protozeon more closely
In domg so thev found Roch todies m several calves and concluded that
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Babesia gibsons (Patton, 1910)
Synonyms Piroplasma gibsom Yatton 1910 Achromaticus gibsom Franga
1917 Babesiella grbsom Mesnil, 1919 \uttallta baury: Leger and Bedier 1922

Spectes of Babesta 1 swane

Babesia trautmanm (kouth and du Toit 1918)
Synonyms Prroplasma trantmann: Knuth and du Toit 1918 Prroplasma
stts Lanzillo, 1924

Babesta perronctior (Cerrut 1939)
Synonym  Babestella perroncitor Cerrutr 1939

Spectes of Babesia 11 members of the famly 1ehidac (domestic and wald cals)

Babesia felis Davis 1929
Synonyms Babesiella felis Carpano 1934 \utfalla Jehis var domestica
Jackson and Dunning 1937

The names assigned to members of a certamn group of protozoa at present
included 1n the genus Therlersa have long been the subject of discussion much
of which has hopelessly intermixed zoological and nomenclatorial considera
tions  In a general review on the classification of the piroplasms Thomson and
Hall (1933) mention that in the present state of our hnowledge 1t would seem
that there 15 a general agreement that there 1s only a single enus 1n the family
Theilenidae namely Therlerta

Neitz and Jansen (1956) carefully studied the paper of Thomson and Hall,
and armnved at the conclusion that in the past various workers (Bettencourt
Franga and Borges 1907 du Toit 1918 Theller nd Graf 1928 Sergent
Donatien Parrot and Lestoquard 1929 Donatien and Lestoquard 1930) be
Liesed that the presence of schizonts (Roch bodses) determined their nclusion m
the genus Thederia In doing so Little attention was paxd to the ery throcy tic
stages of these parasttes even though Wenyon (1926) ponted out that 1n con
tradistinction to Babesta mutans (= Liroplasma mutins = Theylerg nnlans)
the endoglobular stage of Thetlerta parta does not reproduce T support of his
assertion be states that although the ery throuy e stages may sometimes bo
seen 1n pairs or occasionally 1n fours as in the (ross forms gt 15 doubtful Jf
these represent dnisional stages as they do 1a the case of 4 mutans the mor
phological resemblance to which may be very sirihing,  Actual division of Th
parta was never observed to take place i the hung condition though 1n
stained films parasites which might be interpreted 1sn the process of division
were sometimes seen  In Th parranoculationof bl dwill not a5 rule con
yey mnfection so that 1t 1s presumed that blood forms represent famctocytes
which are destined to deselop inthe tick  If ammal rconer from the disease

(Fast Coast fever) the parasites disappear from the Vicod and this dis1p
pearance 18 absolute for ticks can no longer be mfected trom them In this
respect agun T para differs from the speaies of B 11 (= T mutans)
which though disappeaning microscoprcally are still fre ent for yeqrs after
chimcal recovers as proved by the infectiuty of blood i lirect moculagon of
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other cattle and by the fact that uchs may stift mfect themsehves  ft should
be mentsoned at this stage that the desclapment of a stenle immunsty follow
ing recovery from Fast Coast feser s based on field observations made by
Thesler (1921)  The latter s conclusion was subsequenthy confirmed expen:
mentally by du Tort (192%) and by Nz (194%)

The comments of Wenyon (1976) on the behavior of the ery throc lic stages
of Th parta and T mulans ate sigmbcant 3f one considers the tasss on which
the family T lasmodndae Vesadl 1003 s dfferentsated from the famsly Haemo
praterdae Doflesn 3916 In the former the schizogony orcurs either in the
endothelial cells hmng the blood capallanes or 1n the hepatic cells as well as i
the ery throcy tes whach also harbor pametocytes  In the Haemoproterdae the
schizogony ¢y cle decurs 1n the endothelial cells hning the blood capeliaries and
the forms that appear m the red blood cells are gametocy tes A symilar diffes
ence ex1sts betneen the life cycles of Th parva and Th mudons and henceat ss
Beheved that this justties & tevisson of the classificition of those theleras of
which the vertebrate cvele of development 15 known  The hope 35 expressed
that this smendment wili lead to a dearer understanding of the infectious agents
respansible for Fast Coast fever and alhed diseases

The genene and <pecihc nomenclatures of the Theileris species fave under
gone several changes  Onganally the first three di tinct pecres descrsbied from
catile were meluded i the genus ! troplasma Patton 189 amd sere named
P kel Stephens and Chnistophers 1903 (= P parcam Theler 1904) 1
ennulatum Dschuvhowskhy and Lubs 1904 and § mwfans Thele 1906h
Bettencourt Franga and Borges (1907) compared the hie cycle and morphology
of P bigenstusen Seonith and halborne 1893 wuh that of £ parvum and P an
adaturt and conduding that the presence of schizonts 1 the developmental
cucle of the latier tno protozoa justihed thewr removat from the genus Prro
plasa placed them i a new genus Thelerra The organisms were senamed
Thelessa parrg and Thedera annudata € Franga (1909 transferred P mufons
1o the genus Thedlerta even thaugh he was aware that schizonts had not been
demonstrated w the hfe ¢ycle of ttus protozoon  1le considered that the re
semblance that easts betaeen the erythrocvtse stages of P musars and Th
parte was sutficent reason for changing the genenc name  Franga  moditca
uon of the nomenclature was not generally accepted Theder Gray and

Power (1934) who had seen the (ross forms 1n this parasite suggested that it
would be more reasonable to mclude £ mufans 1 the genus \uftaldia Francs
1910 which the same mede of muluphcations ocours

1rom this brief histonical review 1 becomes apparent that na less than four
generic. names nameh 2aroplasme Thelena Gondersa and Bobesig had been
assigned to the pratozoon Prroplasma mutans  Brumpt (1973) concludes from
wrcumstantal eswlence that Thester s species of uraplasma belongs 1o the
genus Thederss  No convinung evidence was asathable for the sahiduty of
any of the above mentioned penera untt \ dyoen (1923) Marunagha (1924
Vilysen and Martinagha (1928) Dogyle {1923) and Curson (192%) found schy
zats 1 calves harboning Gonderia mutans  These pbsenations prompted
Iheider and Graf (1928) 10 study the life cycde of this protozoon mare osely
Tn downg so they found Roch hodies 1 several cahes and concluded that



68 Annals New York Academy of Sciences

Gonderia mulans shovld be named Thetleria mutans and  that the genus Gon
derie should be sunk in favor of the genus Thedena  This suggestion was
accepted by Sergent Donatien Parrot and Lestoquard (1929) who also en
countered Koch bodies m cattle infected with Theilersa mutens  Lestoquard
(1929) demonstrated schizonts i splenectomized sheep and goats harboning
Gonderia ouis (= Babesia sergenty Wenyon, 1926) after the intravenous adminis-
tration of cultures of paratyphoid B From this observation he deduced that
Gonderia ovis Lestoquard 1924, belongs to the genus Thederia and he proposed
the name Theideria recondila
A complete historical review of the hiterature dealing with therleriosis
cattle and sheep has been provided by du Toit (1930} This contribution has
done much to help workers to a clearer understanding of this important group
of protozoa
The description of Theileria parta by Theiler (1904), of Therleria annulata
by Dschunkowsky and Luhs (1904) and of Theilersa mutans by Theiler (1006b)
was followed by studies on this group of organisms n many parts of the world
A fourth species 1n cattle Theileria dispar Sergent Donatien Parrot Lesto
quard Plantureux and Rougebief 1924a b was descnbed 1n Algena, and a
fifth species in the buffalo and in cattle Two parasites named Therleria sergenty
Yalumofi and Dekhtereff 1930 and Thederia (Gonderia) orrentalis (Yakimoft
and Sondatschenkow 1931) have been descnibed from cattle n Asia It has
not been possible to determmne the validity of erther specses They may be
synonymous for either Th mulans or Th annulata
The question 1s discussed by du Toit (1930) as to whether all cases of ther
lenosis 1n cattle that have been described in the hterature fit into the four types
mentioned above Du Toit comes to the conclusion that there are mter
mediate stages betneen these forms ~ Altogether there are at least exght types
of theilenosis 1n cattle that can be dist d  These he {10 the
order of varulence as follows
(1) Thedenia porra  South Africa  Mortality of 90 per cent to 100 per
cent Koch bodies are constantly present
(2) Theillenosis (Amakebe) East Africa  Thevirulence 1s low Mortality
of about 15 per cent
(3) Thedera dispar  Algenia  Mortality of 20 per cent to 90 per cent
(4) Thelleriosis  Morocco A chronic or mild infection capable of becom
1ng acute 1f anumals are subjected to adverse conditions
(5) Thedersa annulata  Tums Asia Mmor Russia Mortality of » per
cent to 20 per cent and sometimes even greater
(6) Theileriosis (a) North Tastern Rhodesia hoch bodies found (Turnbull
1926) (b) India I\())ch bodies found (Coaper 1926) (c) Egypt Roch bodies
d (Doyle 1924
folzx;) 7('Im¥ena mutans  South Africa and Algerra  Strams with Koch bodies
(8) Thedderta mutans  South Africa and Algena  Stramns withoyy Roch

dies
boI:A () and (8) 999 cases out of 1000 produce no symptoms or very slight
anerma  Under stress of crcumstances ]\och_bodnes My APPear i gmy)|
numbers It would appear that Th mutans mn (7) and (8) are 1dentica)
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In the famaly Theilendae there are therefore four named species that differ
from one another in thewr virulence  Doubt 18 espressed by du Tot (1930)
whether the species of Theslersa in cattle are good’ pectes  These species
rmght all be regarded as varieties or strains of one species—~Th parra Delpy
{1949) has come to the conclusion that Th dispar 1s synonymous for 74 an
rulats  Recently Neitz (19232} 1solated a Thelens <pecies {rom an Afnean
Tuffalo calf {Svucerus cgfer Sparrman) m Zutuland wiichis bhighty pathogenic
for eattle (mortality 80 per cent) and duwstint from Th parta  He named this
spucies Therderta lawrencer thus leassng four named species i the famuly
Theslendae found n cattle

In <heep and goats two species of Thetlenia may be accepted provisionally
Tlederta Jnrer Dschunbowshy and Urod.chesich 1924 1s haphly pathogensc,
while T4 ous Rodhain 1916 s nonpathogemc  Morphologically howneser
these are indisingmshable  The tustory of theit nomenclature has been ex
cellently teviewed by Thomson and Hatl (1933)

The non patbogenic form {Th ons} hie Thederia multans in cattle 13
associated with the presence of scanty hoch s blue bodies (Lestoquard 1929
Jansen and Mestz 1956)  Rodham (1916) described a parasite in sheep which
did not .eem to produce hach s bodies and thus resembled Therlena mulans
1 that 1t was non virulent  Rodham considered thus parasite in sheep as a
new species and he named st Thedoria otss Yakimoff (1916) commented on
Rodhain s paper and stated that at the third vetennary conference for Russiz
at Rhathov i 1913 he had already suggested the name Thelena onis for this
prrasite  In thys statement quoted below Y alumofl (1916) ives no reference
102 publication and we have been unable to trace in the hierature any reference
to a published account by Yahimoff i which the speaific name sugrested by
fum was menuoned

The pame for the non pathogeme Therleria 1 sheep and goats would seem
therefore to be Therlerta s Rodham 1916 Sergent larrot and Hilbert
{1922) named this parasite Gondena otts but Lestoquard (1929) havuing de
subed Rach s blue bodies i such infections renamed the parasite Theilerta
recondste . Wenyon (19261 1 view of the fact that hoch < blue bodies had not
been desctibed in the non § form dered 1t ble to transfer
this (rgamisto 10 the genus Babesta and m domg so suggested a new specific
name Badesia sergents

According to the evidence available the correct name for the non pathogent.
T1¢ lerea of sheep 1s Theilerss ovts Rodhain 1916 and Babesia sergents Wemyon
1926 and Thetleria recondita Lestoquard 1929 become y

The pathogeni form in sheep with hoch s blue bodies was first desctibed
n Sudanese sheep by Mason 1915 and the follywng year in Fgyptian sheep
by Mason 1916 “Mason placed this parasite in the genus Thelerte but did
not give a specific hame  In 1918 however du Tottin bn classtficatson of the
pirepla ms gives this parasite the name Theleria otis and attributes the name
to Littlewood 1914 Donatien and 1 estoquard (1930) without givng any
seferences 1gam quote Therleria ous Tttlewood 1914 as the correct name for
the pathogenic form i sheep and goats  The only justification for g myg the
vame of Tittlewood seems to be the fact that 1n his annual report he mcor
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porated the work of Mason  Tlus report was actually published m 1915 As
far as can be ascertained there 1s no mention of species 1n Mason s account of
this partsite exther 1n 1915 or 1916 so that 1t would seem that neither Little
wood nor Mason named this species
On the other hand du Tost (1918) records the name Theileria o115 which he
attributes to Littlewood (1914)  As the speaific name o115 had however, been
already used for the non pathogentc form Therlersa o115 by Rodham in 1916 1t
would seem that the correct name for the pathogenic form n sheep and goats
15 Thedlersa Jurc Dschunkowshy and Urodschevich 1924 as correctly pomnted
out by Wenvon (1926)  The name Theileria ous wrongly attributed to Lattle
wood 1 1914 by du Toit must be abandoned
It 1s beyond the scope of this paper to consider the relatively large number of
Theileria species m wild ammals in detail  Priestly (1915) described as T4
tachyglosst a small parasite of the ery throcytes of Tachyglossus aculealns an
echidna of Australia  The blood forms resembled those of T mufans of cattle
while 1n the organs and also in the blood structures resembling the schizonts
of the same parasite were said to occur  Therlersa species have been described
m the giraffe camel wart hog monkey polecit mouse 1nd 1n several species
of antelopes and deer  In many of them no schizonts were found, and they
were therefore onginally mcluded in the genus Gonrderra  In antelopes namely
the eland (Tauroiragus sp) Lichtenheld (1911) Bnght s gazelle (Ga ela sp)
M v (1924) topr (Damaliscus sp) Hutchins (1924) hartebeest (Sig
moceros sp ) Rass (1924) and the bushbuck (Tragelaphus sp) Theiler (1909)
and Neitz (1931) hoch bodies as well as the ery throey tie stages of the para
sites were found  These obseryations prompted the Imestigators to include
them n the genus Therlerra 1rom the description of Cylaus oon syhicaprae
Nextz and Thomas 1948 however a parasite of the duiker (Syhicapra grimma
L) which multiphes by schizogony 1 the histiocytes and by fission i the
erythrocytes 1t appears that at least some of the abose mentioned Thetleria
species mav 1n reality be Cilaut oon species  In order to ayoid unnecessary
confusion 1n the generic nomenclature only the species T4 taciyglossy and C
sylucaprae of which the vertebrate hfe cycle 1s known will be included n the
family Theilendae
The classihcation of the family Iheilenidae by du Tout (1918)  Iycpy has been
modiied by Thomson and Hall (1933) \eitz and Thomas (1918) and Delpy
(1949a) 15 an follows
Suborder PIROPLASMIDEA Wnyor 197
TFamily THEILERIDAE dy I' it 1918
Cenus THEILERIA Bettencourt Franga an i Borges 1907
Members of this genus are minute and rounded or rod shaped organisms
Schizogony occursin the cells of the lymphatic system  Members of the family
Ixodidae serve as vectors
Th paria (Theder 1904)
Dschunhowsky and T uhs 1904)
Ths;z:l)fdml: (le dispar Sergentetal 1924a b Th turk {1u1ca Oboldyeft and

Galouzo 1978
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Th mutans (Thetler 1906b)
Synonyms Babesta mutans Wenyon 1926 Gonderia mutans du Tort 1918

Th hircs Dschunkowsky and Lrodschevich 1924
Synonym Theileria orss du Toit 1918

Th ors Rodhan 1916
Synonyms Gonderia om1s Lestoquard 1971 Babesia sergentt Wenyvon 1926
Thelerta recondita Lestoquard 1929

Th tachyglosss Prestly 1915

Genus CYTAUXZOON \ettz and Thomas 1948
C sviricaprae etz and Thomas 1948

The nomenclature used n this classificatory list 1s based on the morphology
and some biological charactenstics presented by the Theilenas  Consideration
of these critena shons that Theiler and Craf (1928) Sergent Donatien Parrot
and Lestoquard (1920) Lestoquard (1929) and du Toit (1930) contend that
schizogony m the lymphocy tes and division of the ery throcy tic forms into tno
or four daughter cells justified transfernng Gonderta mutans and Gonderia omis
from the family Babesidae to the famuly Thetlendze  This mode of reproduc
t1on has also been observed in Th annulata (= Th dispar) by Sergent Dona
tien Parrot and Lestoquard (1945) n Theileria laurencer by \eitz (1920b)
Th hrcr by Dschunhowshy and Luhs (1924) and Baumann (1939) and m
Th ot1s by Wenyon (1926) Sergent Parrot and Hilbert (1923) Lestoquard
(1924 1976b} and Emgh (1953) In contradistinction to this mode of repro-
duction Vienyon (1926) states that Th perva multiphies only by schizogony m
the lymphocy tes and not by fission mn the red blood cells  Rerchenow (1940)
also failed to demonstrate any divisional forms m the erythrocytes of cattle af
fected with East Coast fever  In this connection 1t should be menttoned that
Neitz and Jansen (1956) have had an opportumty of studying the hfe cycle of
pure infections of Th annulata Th mutans and Th o-1s i the vertebratehosts
The 1nfectious agents were transmitted by means of infected tichs to amumals
known to be free from blood parasites  Splenectomv of naturally recosered
ammals was followed by a reappearance of the ervthrocy tic stages of these
parasites within a perjod of three weeks after the operation  Divisional forms
could readilv be demonstrated m the penipheral circulation thus conhrming the
observations of previous workers  In the case of Th lawrences \eitz (1953b)
observed that the parasites persisted 1n the penpheral airculation of a buffalo
for a period of four months (end point not determined) and that nymphal ticks
(Rinpicephalus appendiculatus) that fed on this ammal transmitted the infec
tion 1n the ensuing stage  Therleria lawrencer multiphes by schszogony n the
lymphocylesandbybmary ﬁssmn i the erythrocytes giving nise to four daugh

101 to this f du Toit (19?8) and
‘\mz {1948) ?:la\)hshed that splenectomy did not interrupt the immunity in
East Coast fever and that the ervthrocy tic stages of 7% parra failed to appear
for penods of up to exght weeks after the operation

The difference betw een the behavior of the ery throcy tic stages of Th parta
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porated the work of Mason  This report was actually pubhished 1n 1915 As
far as can be ascertained there 15 no mention of species in Mason s account of
this parasite exther 1n 1915 or 1916 so that 1t would secm that neither I 1ttle
wood nor VMason named this species

On the other hand du Tot (1918) records the name Thetlerta otzs which he
attributes to Lattlenood (1914)  As the speciic name ot2s had however been
already used for the non pathogenic form Theilersa o 15 by Rodhain 1n 1916 1t
would seem that the correct name for the pathogenic form 1n sheep and goats
1s Thealerta Inres Dschunhowsky and Urodschevich 1924 as correctly pointed
out by Wenyon (1926)  The name Therleria o 15 wrongly atinibuted to Lutle
wood in 1914 by du Tort must be abandoned

1t 15 beyond the scope of this paper to consider the relatively large number of
Theilersa species n wild amimals in detail  Priesthy (1915) descnibed as Th
tackvgloss: a small parasite of the erythrocy tes of Tackyglossus aculeains an
echidna of Austraba  The blood forms resembled those of Th mutans of cattle
while m the organs and also in the blood structures resembling the schizonts
of the same parasite were said to occur  Therlersa speues have been described
1 the giraffe camel wart hog monkev polecat mouse and in several species
of antelopes and deer In many of them no schizonts were found and they
were therefore onginally included in the genus Gonderra  In antelopes namely
the eland (Taurotragus sp) Lichtenheld (1911) Bnght s gaselle (Ga ela sp)
Montgomery (1924) topt (Damaliscus sp ) Hutchins (1924) hartebeest (Sig
moceros sp) Ross (1924) and the bushbuck (Tragelaphus sp ) Therer (1909)
and \eitz (1931) Roch bodies as well as the erythrocy tic stages of the para
sites were found These observations prompted the imvestigators to include
them 1n the genus Therlerza  From the description of Chiany oon svlvtcaprae
Neitz and Thomas 1948 however a parasite of the dutker (S+/ wapra grimma
1) which multiplies by schizogony 1n the histiocy tes and by fission in the
ervthrocyvtes 1t appears that at least <ome of the above mentioned Thetleria
species may 1n reality be Cylaur-oon species  In order to avoid unnecessary
confusion n the generic nomenclature only the species T tachyglosst and C
sylucaprae of which the vertebrate hfe cycle 1s known wll be included n the
famity Theilendae

The classification of the famly Theileridae by du Toit (1918) which has been
modihied by Thomson and Hall (1933) Neit7 and Thomas (1948) and Delpy
(1949a) 15 an follows

Suborder PIROPLASMIDEA Wenvon 1976
Family THEILERIDAE du Tt 1918
Cenus THEILERIA Bettencourt Franga an | Borges 1907
Members of this genus are minute and rounded or rod shaped organisms
Schizogony occurs in the cells of the ly mphaticsystem  \Members of the family
Ixodidae serve as vectors
Th par o (Theiler 1904)
1904)
annudata (Dschunkowsky and Luhs
Tl's},non}'ms Th dispar Sergentetal 1924 b Th turkestanica Oboldueff ang
Galouzo 1928
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cntenafor what 1s behey ed ta be a more satisfactory basis far theie classfication
Nestz and e (19 6} submutted in summary farm the revision of the class
fication  For the sahe of completeness the gerenc and specitic names as well
as the genenc and speane synonym) will be mcluded It 1s self exident that
a large number of Thedrris species or Conderta speaies described from wild
atumals cannot be yncorporated 1n this scheme  In order to avoid further con
fusion 3t 15 suggested thay they be referred to by the peneric name already as-
signed to them and that thewr inclusion nto this system be undertahen when
all the phases of the life cvcle in the vertebrate host hasve been established
The revised classfication of the family Therlendae 1s as follows

Suborder LENCOSPORIDEA \eite and Jansen 1956

In thus suborder are wcluded certam parasites that inhabst either Jympho.
cytes or histiocy tes and ervthrocstes but do not {orm pigment (haemozoin)
charactenstic of members of the suborder Haemospondndea Damlewsky
Thev multiph by schize gony and tnally ivade the erythrocy tes within which
they occur as round avoid rodlthe ar trregular farms  These parasites as
faras 15 nown are transnutted bv tichs of the family Txodidae Murray 1877
There are two fanuhes i this suborder 1he Theslendae and ( endendae

Famidy THEILERIDAE du Tont 1918
Parasites that multiply by schize gony mn the Iy mphocy tes and finally mvade
the erythrocyres  The forms in the red blond carpuscles do not reproduce

and are possibly gametocytes or gametes  The family 15 represented by a
single genus Thederta

Genus THEILERIA Rettencourt ¥ranca and Bosges 1907
Tie lene para {Theder 1904)

Synonvms Prroplasma koch Stephens and Chnstophers 1903 Firoplasma
parcters Theiler 1604 Theddersa kockis Stephens and Chustophers 1903

Famihy GONDERIDAE Ncntz an Janwn 1936

Parasites that multiphy by suhizogony i exther the lymphocytes (Gorderia
sp ) ar tustiocy tes (Cfaux-oon sp ) and finally snyvade the red blood corpuscles
The furtas 10 the ervibrocytes reg roduce by dnision 1o two ar four danghter
snchvaiduals the Jaster givang n.e 1o the charactenstic cross forms  The fipal
stage of the parasites ts passibly a gametogyte or a gamete  This famuihy 15
sepresented by tuo genera Gonderta and Cylanreoon

Genu GONDERIA (du Tot 1918
Members of this genus muluply by schizegony e the lymphocytes and by
tission in the eryihrocytes
Gnderte gnunlate {Dschunhowshy and Lubs 1904)
Syronvms  Preoplasma anaufet im Dschunkowshy and Lubs 1904 Theleria

annwdate 1D chunkowshy and Luhs 19031 Thedena dispas Sergent o of
10742 b T/e leng turkestamca Oboldenfl and Galou.o 1928
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and that of the remaiming Theilersa spectes and the Cylaux-oon spectes (nde
supra) 15 regarded as significant and as a sound rezson for revising the classifi
cation of these microorganisms, particularly if one considers the basis on which
the Plasmodsa species (schizogony within the endothelial cells lining the blood
capillanes or hepatic cells as well as within the ery throcy tes) are differentiated
from the Haemoproleus species (schizogony only within the endothehal cells
himing the blood capillanies) In accepting the behavior of the erythrocytic
stages of the Therlerta species as an additional classificatory basts 1t 15 proposed
to retam the generic and specific name of Thederta parta and to transfer the
remaimng Theileria species to a separate genus  In order to avoid unneces-
sary m the lature, 1t 15 d that the generic name Gon
deria (du Toit 1018) be reinstated and that for the purpose of ths classifica
tion 1t be redefined as indicated below n the revised classificatory list
Reasons have been given why the Thetleria species should be placed into three
separate genera namely Theilerta Bettencourt, Franga and Borges 1907
Gonderta (du Tort 1918) and Cylaux oon Nettzand Thomas 1948 The ques-
tion now arses as to whether these three genera should be retained in the family
Theilendae  Consideration of the cnteria used for distingwishing between the
famuly Ilasmodndae Mesnil 1903 and the famly Haemoproterdae Doflein
1916 (rrde supra) suggests that m prinaple they are equally apphcable in the
case of the genera Theileria Gonderia and Cylaux-oon It s therefore proposed
that T% paria (Theiler 1904) be retained in the farmly Therlendae and that
Gondenia (Thelera) annulate (Dschunkowsky and Luhs 1904) Gondersa
(Theddersa) mutans (Theller 1906) Gonderia (Thederia) lawrences (Neitz
1935a) Gonderta (Thederia) hirer (Dschunhowsky and Urodschevich 1924)
Gonderia (Theileria) outs (Rodhain 1916) Gosderia (Theilera) tachyglosss
(Priestly 1915) and Cytaux oon sylucaprae (Neitz and Thomas 1948) be
included in a separate family for which the name Gonderidae 1s proposed
The defimitions for the famihes Thetlendae and Gondendae are gnen below
1 the classifacatory hist
The last question of svstematic importance that anses out of this discussion
15 whether or not the two famihes Theilendae and Gonderidae should be re
tained 1n the suborder Piroplasmidea Wenyon 1926  The difference betyeen
the developmental cycle of the famly Babesidae (absence of a schizogonous
cycle) and that of the families Theilenidae and Gondendae (presence of the
schizogonous cycle m the leukocy tes) 15 so great that there 15 no real Justihea
tion for retaming the latter two families n the suborder Piroplasmudea It 1s
therefore suggested that the families Theileridae and Gondendae be placed into
2 new suborder for which the name Leucospondea 1s proposed  Ip doing so
Neitz and Jansen (1936) accept the view of Gonder (1910 1911) Cowdry and
Danhs (1933) and Sergent Donatien Parrot and Lestoquard (194) that
Theileria poria and Gor deria (Theleria) annulata (= Theieria dispar) muluply
by schizogony and sporogony a process of reproduction characterist;c of the
order Cocaida Leuckart and of the class Sporozoa Leuchart  The definition
for the suborder Leucosporidea 1s given belos 1 the clasuficatory gy
Having surveyed m detail the comphcated lstory of the nomenclaye of the
Yy referred to as Theilersa parasites and having indicated the

protozoa common
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zones also have their share  The proplasms are exclusnely transmitted by
raembers of the family Ixodidae Mureay

‘The vanous ticks concerned 1n the transmission are Listed i a series of tables
based on the methed dwcated by du Tort {1918} 1 the present tables are
compared with the records of kauth and du Tost (1921) and Ntz and du Toit
{4938} 31wl be seen that 2 Javge number of new vectors have been added At
this stage the writer wishes to express his sincere thanks to Certrud Thetler of
the Onderstepoort \ etenmary Instrute for her imatuable assistance in deter
mning the correct nomenclature of a farge number of ticks particulatly the
Hyalomma species and Boophslus species 1t 5s haped that these hists will be
of 1alue 1o veteninarians engaged tn the control of tich borne diseases and {o
zoolagt ts occupred tn determiming the speaies or their distnbution

TRANSMISSION OF THE VMEMBERS 0F THE ORDER I1ROFLASMIDIY
Bralogecal Transmission

Babesia species of cattle

Bubesta bigemuna B bigenmna was the first protozoon parasite shown to be
tranststted by an arthropod It will be seen fram TABLE { that this micro
orgamem 35 widely distnbuted in the world  Fne tick specses of the genus
Boophetus three peniesof Rhrpicephalus and ane specwesof Hormaphysehs are
known to be vectors  In case of the one hast tschs booginlus species the in
fection passes through the egg stage and s grven off by the Janae in the next
generation  Thetler (1909¢) wasable toshow that B decoloratus retamed the
wiection to the second generation  In the Rinpuephalus species and Haenta
physalis species stage to stage transmission within the same generation as well
as heredstary transmission has been recorded

The first records of the bie cycle of B brgemina in the tick are those of Koch
(19665 and Chnstophers (190/b) Dennis (1932) studied 1ts development
B onnulafus but according 16 Reichenow (1933} some of the stages described
are not those of B bigemne but those of symbionts  Regendanz (1936} con
ducted his obsenations m B miucraples  The process of develepment ety
osely resembles thatof B cars n D reticulains  Hefaled 1o find however
any parasites m the salnary glands

It 1y interestin,, and of great signiticande to note that the sy stematic destruc
uon of B ennxlatus has almost ehmmated B bigemuna wfection from the
Unned States of Amersca

Babesia botts o far two specses of Lxodes have been estatbished as s ectors
of A bors 1n Europe  Both niks transmit the disease heseduanly asshownn
1aBLL 2 Stage to stage transmussion within the same generation has been
demaasteated m I vietnus

Babessa argentisia Two specses of Booplnlus serve as vectors of B argenting
The expersmental observations are bisted 1 TABLE 3

Babessa berbera Thetnovectorsof B berbera in North Africa are mentioned
m TABLE 4 Infected lanvae snd nymphae of the two-host ch R brrsa

transmist the infection 1n the sdult stage while B colcarafus transmuts the
distase hereditandy
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Gonderia mutans (Theiler 1906b)
Synonyms Piroplasma mutans (Theiler, 1906) Therersa mutans (Theller
1906)

Gonderia lowrences (Neitz 1923a)
Synonym Thederia laurencer Neitz 19:0a

Gonders lurcs (Dschunkowshy and Urodschevish 1924)
Synonyms Theilersa ovis du Tout 1918 Thedlerta lurcs Dschunhowshy and
Urodschevich 1924

Gonderia outs (Rodhain 1916)
Synonyms Tletlersa o 1s Rodhain 1916 Babesia sergents Wenyon 1926
Gonderta oris Lestoquard 1924 Thetleria recondita Lestoquard 1929

Gonderia tackyglosss (Priestly 1915)
Synonym Therleria tackygloss: Priestly, 1915

Genus CYTAUXZOON Neitz and Thomas 1948

Members of this genus multiply by schizogony 1n cells of the histiocy tic senies
and by fission m the ery throcy tes

Cslaux oon sylrrcaprae Neitz and Thomas 1948

ConeLusions REGARDING THE CLASSIFICATION

The morphological similanty between the members of the genera Theileria
and Gonderia 1n domestic amimals makes their differentiation extremely difficult
In making a differential diagnosis veterinanans and zoologists often are com
pelled to take the pathogematy and the epizootiolo,y nto consideration  In
doubtful cases 1t may be necessary even 1o resort 1o 1z 10 cross immumty
tests before a final identification can be made  From ths 1t becomes ey ident
that a great deal of work will have to be done before the intermeduate stages
of the Theslera species referred to by du Tort (1930) can be identified From
the observations on the artificial transmussion of I ast Coast fever (Theiler
1912 Theiler and du Toit 1929) and of Tzaneen discase (Gonderta mutans
nfection) (de hock van Heerden du Toit and \eitz 1934) 1t becomes ap-
parent that the infectious agents cannot be mamtained by serja] passages as
has been possible in the case of Gonderia annulata tSergent Donatien [ arrot
and T estoquard 1945)  The opinion s expressed that the undetermineq species
referred to by du Tent (1930) may behave n a similar way  For sy stematic
studies therefore 1t will be necessary 1o determunc the vectors of thege para
sites  Trom this it 1s obvious that many years will dapse before the classitica
tion of this group of microorgamsms can be plated sn 1 permanent basis

TRANSMISSION OF THL PIROPI \oas

duater 1n cattle was susy

The relationship between ticks and re Pected by stock
owners in America as early as 1869 but 1t was onh 0 1893 that Smuth and
Ralborne demonstrated that Boophuls annulalus was the vector of the disease
Although tick borne diseases are more prevalent 1n the tropics the temperate
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Bobesta magor  The vectors of B magor have apparently not yet been es-
tablished

Basbesia species of sheep and goats

Babesia motas:  ‘The vectors of B molass are hsted in Tipir. 3 Stage to-
<tage transmission within the same generation and hereditary transmisston have
been demonstrated i Ri bursa  The mode of transmission 1n the case of
D sirarum and H punctala has not yet been worked out in detarl  The m
vestigators merely state that they are vectors

Babesia otss Only Rk bursa has <o far been established as « vector (TABLE
6) Stage to stage as well as hereditary transmission has ben established
Marhow and Kurchatov (1940a) allowed the descendants of a female (R
bursa) tahen from a ram affected with B orss to feed on a horse  The follow
ing generation of these tichs caused sheep to sichen with babesiosis  The next
two generations of these ticks obtained from females that had fed on horses
were fed on a rabbit and on a calf The following generation was placed on
rams  All animals deseloped babesiosis and one died

Bubesia fohata and Babesia taylort  Both these Bubesia species have been
described in India  Their vectors have apparently not yet been 1dentified

Babesia species of solipeds

ot only has Emgh (1943 19443 1951) given anexcellent review on the van
ous vectors of equne babesiosis but he has identified eight new vectors in
Lurope The distribution and biological habats of these ticks are described in
detail  Observations are recorded on the survival of certain ticks as well as
as the parasites harbored by them at temperatures below 0 C  The articles
should be lted by those 1n the biol habits of European
tichs

Babesia caballi  The vectors of B cabally are recorded in TABLE ¥ Three
species of the genus Dermacentor faur spectes of Hyelomma and two species of
Rinpicephalus are hnown to be vectors  Stage to-stage transmission has been
demonstrated 1n all of them except n  anatolicum and I tolgense and hered
ttary transmussion n all but D pcfus I anotolicum and Rk bursa  Engh
(1944a) established that Rk songuinens canretam B caballs for four generations

Babesiaequi  The vectorsof B equ: are recorded n TapLe 8 Two pecies
of the genus Dermacentor four species of the Hxalomma and three species of
Rhprcephalus are known to be vectors In contradistinetion to B caball
B equz 1s only transmutted hereditanly by one pecies of tick namely I

anatolicym  In the remaning vectors stage to stage transmussion has been
established

Babesia speaies of swme

Babesia frantmanm: According to Rurchatov and Markow (1940) Riups
cephalus turanicus Pomerantzer and Matitoshuily 15 a vector of B fratdmanus
Successful infection wnas effected with the progeny of two engorged females
The larvae and nymphae were fed on rabbuts and the adults comveyed the
disease to swine  Circumstantial evidence suggests that B decoloratus 15 a
vector in Tanganyika (Trautmann 1914 Knuth and du Toit 1971) and that
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R sangranens (Cerruty 1939 Nardi wnd To Muzo 1952} Ivslomma acgsp
tom Tann and Dermacentor retrcndatus (Cerruty 1939) transmut the infectionin
Turope  \ttempts by Rurchatoy and Marhow (1910) to transeut B fraul
manm with valemma margimatum Rlupicephalus sangranens R rossicus
and Dermacentor stltiarum gave negative results  (RA furanicus 1 omerantzer
and Mantoshvily according, to Zumpt (194%) 13 a synonym for Rt senguinens
(Latreille) Rk rossreus Y ahimoff and Yakimoff according to Zumpt 1s 2
subspecies of Rh sangusnens but according (o Ieldman Muhsam (19:2) a
distnct species  J aegyptron Timn 1s an ectoparasite of repules and 1t 18
possible that the species was not correctly 1dentified )

Babesia perroncttor  The vectors of B perroncttos hive not yet been estab
Dhished expenmentally  Cerrutt (1939) sugmests that Ri sumgumneus D
reticulatus and Hyalymma aegs pluom mny be vectors in Italy

babesta species of the camne famuly

babesia cams  The six vectors of B cams are listed 10 the appended 1ABLE
9 Hereditary transmission occurs in all of them except in D prefus  Stage
to-stage transtssion within the same generation has been obscrved in D puctus
H hackr and Rk sanguineus

The cluef transmutter the cosmopolitan dog tick RE sangminens has been
recorded from Africa North and South Amenca Asia and Europe  Although
this tich accurs m Australia canine babesiosis has not yet been encountered on
that continent (Newton 1951) In Turope it appears that D marginatus 1s
the chief vector D pretus 15 responsible for canine wanter piroplasmosts
(Emgh 1944b)  If marginatum 1s not animportant vector as the adult stage
1s seldom seen on dogs

Although Brumpt and Larrouse (1972) proved that the American Rochy
Mountain spotted fever tich (D remustus) 1» a vector of B cams no mention
1s made 10 the literature about 1ts role as a transmitter in the United States of
America  Morgan 10d Hawkin (1948) Leleve that the Amencan dog tich
D zaniabilis (Say) 1s also a vector in the United States

Brumpt observed that B coms can be retaned 1n the tick Rkt sanguinens
for ive generations

Studies on the fe cycle of B cams 1n tichs have been conducted by Chns
tophers (190sa b) T egendanz and Muniz (1936} and Shortt (1936) in Rk san
gumens and by Regendanz and Reichenow (1933) and Brumpt (193/) m
D marginatys  Brumpt (1937) failed to demonstrate any deselopmental
stages of B cams o I leach:  Consideration of the life cycle of B camts tn
the vectors caused Reichenow (1935 1933) 1o conclude that sporogony does not
ocar Multiplication in the vertebrate and imvertebrate hosts follows simple
binary fission

Babesia gibsoms Two vectors have been established tn the case of B gebsonr
Stage to stage transmussion occurs sn I ispuresa and Rh sanguinens  In
the former tick hereditary transmission has also been observed  Details of
the observations are given 1 TasLE 10

babesta felss of the felme famly
Very hittle 1s known tbout the natural transmussion of B felis Davis
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Rt sangunens (Cerrntr 1939 Narch and [o Muzio 1952) [hralommia aegyp
fuem Linn and Dermacentor retrcudatus (Cerruty, 1939) transmit the infectionin
Turope \ttempts by Rurchatow and Markow (1940) to transmut B frant
manm with Ihalomma margmatum  Ripprcephalus sangumens Kb rossicus
and Dermacentor stlarum gave negatwe fesults  (Rh furanicus 1 omerantzer
and Matitoshyily according to Zumpt (194%) 15 a synonym for Rk sanguineus
(Latreille) Rk rossicns Yahimoff and Yakimoff 1ccording to Zumpt 15 2
subspecies of Rk sanguinens but according to Feldman Muhsam {1952) a
distinct species [/ aegyptim Linn s an ectoparasite of reptiles and 1t 1s
possible that the species was not correctly tdentified )

Babesia perroncstos. The vectors of B perroncelor have nat yet been estal
bhshed expenmentally  Cerruti (1939) suggests that Rh sanguinens D
reticulatus and Hyelomma aegyplium may be vectors in Ttaly

Dbabesta species of the canine famuly

Babesia cams  'The six vectors of B cants are hsted 1 the appended TABLE
9 Hereditary transmussion occurs 10 all of them except 1n D pretus  Stage
to stage transmission within the same generation has been observed 1n D pretus
Il leach; and Rk sangminens

The chief transmitter the cosmopolitan dog tich Rl sangutnens has been
recorded from Africa North and South \menca Asia and Europe  Although
this tick occurs i ustralia canine babesiosis has not y et been encountered on
that contment (Newton 1951) In Iurope it appears that D marginatus 1s
the chief vector D prctus 1s responsible for camne winter piroplasmosis
(Emgh 1944b) I marginatum 15 not anmmportant vector as the adult stage
15 seldom seen on dogs

Although Brumpt and Larrouse (1922) proved that the Amencan Rocky
Mountain spotted fever tich (D rennstus) 18 a vector of B cans no mention
1s made in the literature about its role as a transmitter in the United States of
Amerca  Morgan and Hawkin (1948) believe that the Amencan dog tick
D rarighilis (Say) 1s also a vector in the United States

Brumpt observed that B cams can be Tetained in the tick Rk sangmnens
for five generations

Studies on the hife cycle of B cants 1n ticks have been conducted by Chns-
tophers (190:2 b) Regendanz and Muniz (1936) and Shortt (1936) in Rk san
granens and by Regendanz and Reichenow (1933) and Brumpt (193:) in
D marginatus  Brumpt (193/) fajled to demonstrate any developmental
stages of B cams 1n H leacly  Consideration of the life cycle of B cams
the vectors caused Reichenow (193> 1953) to conclude that sporogony does not
occur  Multiplication m the vertebrate and v ertebrate hosts follows simple
binary fission

Bebesia gibsom: Two vectors have been established 1n the case of B gibsons
Stage to stage transmission occurs 1 I bispinosa and RE sanguneus In
the former tick hereditary transmssion has also been obserned  Details of
the obsenvations are grven tn TABLE 10

Dabes:a felss of the feline family

Very httle 1s hnown about the natural transmussion of B felis Dawis
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(1929) was unable to transmit the disease with the common de,, uick Ri san
gumens  Mcetl (1937) failed to transmut the mfection with cither larae or
nymphae densed from an adult fumale tick (Haemaplysalis leacls) that had
engorged on a cat suffering from feline babesiosis ~ He, however 1 of the
opinon that the enswing adults that had acudentally escaped from test tubes
were responstble for transmtting the infection to g house cat

Mechanical Transmussion

No conclusive evidence has been recorded m the bterature where Babesia
species have been transmutted mechanically by bloodsuchin, arthropods
Nevertheless this possibility must not be lost sight of as it may follow f con
ditions are favorable

Intra Ulertne Transmission

A review on the intra utenine transmission has been published by Engh
(1942)  According to him the factors dircctly responsible for this form of
transmsston have not yet bewn satisfactonly determined  One must assume
that mnjunies to the placental blood vessels pave the way for piroplasms to
migrate from the mother to the fetus  This form of transmission 1s of relatys ely
rare occurrence and hence 1t 15 of no significance for the general coatrol of
piroplasmosis  Nesertheless 1t should be taken into consid eratron n enzootic
regions where 1t may be responsible for 1bortions  Research workers engaged
m critical work on prroplasmosis in newborn ammals should bear thiy phenom
enon 1n mind

The following intra uterine transmussions have been recorded

B bigemina m calves has been recorded by Zolotareff 1936) and le Roux
1939,
¢ B ;Bn 15 has been recorded 1n a fetus by Yakimoff (1936) and n calves by
Waintraub (1938)

B pus has been established 1n two sheep fetuses by Donatien Lestoquard
and Ralcher Maucourt (1934)

B caball; has been dragnosed 1 a fetus by Dunatien Lestoquard and Bou
guet (1935) and Martschenko {1936}

B equs has been demonstrated in foals and fetuses by Carpano (1922) Dona
tien Lestoquard and Sausseau (1923, Barnet (1931) Sainy Martee, (1033)
Gauchot (1936) and henstantinow (1936)

AMixed mfection of B cabelliand B equs bas been seen m a fegy,, by Zoiotareff
{1930)

Irtificial Transmission

The various Babesia spectes can be readily transmutted to susceptypie anmuls
by the mmjection of blood and organ emuisions by thentrivenous subcutanenys
intraperitoneal ntramuscular and other routes

TRANSMISSION OF THE MEMBERs OF THE ORDIR I BLCOSPORIpE
Buological 1 ransmission

lersz <pectes of cattle
T’l;‘lllilltﬂffaﬂa FEast Coast feveris one of the most 1mpt rtant Qe dn —
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n Fast Central and Southern Afnca Its vectors are listed in TABLE 11
Seven Rhspicephalus species and three Hyalomma species have been proved
expenimentally to be transmutters Rk appendicudatus which 15 widely dis
tributed 10 Afnca 1> undoubtedly the chuef vector  Although the remaining
Rlnpucephalus species are less important they nevertheless play a sigmificant
role n mamtaining the infection 1n nature

There 15 no evidence that IHyalomma species transmit the disease n nature
The demonstration of Ray (1940 1941 1950) that Hyalomma snugny: can re
tain Gondera annulsla for five successive generations urges that investigations
should be undertaken to determine whether or not any of the Hyalomma spectes
can transmt Th parra hereditanly  Should this prove to be the case an ex
planation may be found for the sudden sporadic cutbreaks of East Coast fever
three to five years after the last death from this disease in Southern Afnca
where systematic dspping and vigorous quarantine measures had Leen prac
tised

Up-to-date stage to-stage transmussion within the same generation only has
been obsenved 1n the hnown vectors  Another important feature of the
arthrepod transmission 1s the fact that nfected nymphae lose their infection
wrespectrve of whether they feed on a susceptible or unsusceptible ammal

Gonderia species of cattle

Gondena annulata  The vectors of Mediterranean Coast fever (tropical
therlenasis) are hsted nTABLE 12 Sxx IFyalomma species are capable of 1rans-
mitting the disease  Stage to stage transmission within the same generation
has been proved to occur in all of them  Although Ray (1940 1941 1950)
and hornenko and Shmuireva (1944) clam to have proved the hereditary
transmusston of G annudate m I satigny: and Rorienho and Shmuireva (1944)
wm H Turkmentense (= I excarafum Delpy (1949) states that there 1s no ev1
dence of this form of transmussion of this parasite by the mother to1ts progeny
It1s of interest to note that G annulsla cannot be transmitted by Rinpicephalus
species

Gondersa mulens The tichs responsible for the transmission of Tzaneen
disease (G mutans ifection benign gondenosis) are hsted 1n TapLe 13 In
the case of the two Rhupucephalus species stage to-stage transmission withim
the same generation occurs ~ Reichenow (1935) states that Miessner obtamed
B annalutus ticks from the United States of Amenca and succeeded 1n trans
mitung G mudans with therr progeny in Germany ~ The recent demonstration
of & matens m Europe (England) suggests that Miessner s observation must
be confirmed before 1t can be accepted without reservation that B anmulatus
15 a vector of this protozoon

Gonderia laurencer It has recently been established that the vector of
G laarencer which 15 responsible for Corndor disease 15 Rk appendiculatus
(taBeE 14)  Lanvae and nymphae that fed on a buffalo calf harboring the
infection transmitted the protozoon n the ensuing stages

Gonder1a species of sheep and goats
Gonderta otis Tt will be seen from TABLE 15 that G orss can be transmtted
by two Riupicephalus species  The infection 15 acquired by the larvae and
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nymphae and (s gien off by the imao  Rastegaefl (1953) daims to hnve
transautted G ots with Ormtlod rus lakorensis 1 this obsen ation 1s correct
then this is the tirst record that o prropliem ts transmutted by o member of the
famiby Arcasdae

Gmdersa furct. The vector of G Azrer has not yct been estabh hed It
possible that Rirpreephalus bursa 1s a vector in the enzootic arens

Mechancal Transmssion

No conclusive evidence has been recorded in the iteriture where Thelzra
species and Goderss pecies hne been tran mitted mechanically by blood
sucking arthropods

Iuira Lteryre Tr namussion

Information on the 1ntra utenne transmssion in catile and sheep 1s hrmted
Sergent Donatien and 1 arvot (1924) record the presence of { ommlatz in a
fetus  Spriwholz Schidt (193:b) demonstrated a Gonderta pecies (Therlerta
sergenit) 1 o fetus  Magnenile (1924) observed a Gnderta specits n a seven
dav-old 1lf  Lestoquard (1926} faund Theneria ous (= G lrct) m two
fambs

irtsfiesal Tronsmussion

Thedena parea of cattle  The artiwaal transmission of Th pana by the
ngection of blood can be achieved in refatnely few cases K T Meyer (1909
havever showed that the mtravenous sjection of an emulsion prepared from
the pleen and glands produce 1 symptoms of this diease n a relaunely large
number of ammals  With this method «f infection 1t was shown that there is
2 strihng difference between the naturally and astihoally produred diseases
I the former the course of the disease 1s fatal in 9a per cent of cases whereas
m the latter more than 50 per cent of the animals that react rerover  The
observations of ko [ Meyer (1909) were confirmed on a very farge number of
«attle by Theiler (19127 The results showerd that the vourse and nature of
the reactions following an aruncal wfection wath spleen and glind emulsions
+ as markedly different from that ob.erved 1n cattie that acquired the disease
niturally  The different types of reaction t the artifically nfected cartle
way be brielly summanzed as follows

{1 Dypical reactsons with 2 fatal termnatic n were obsenved 1 24 3 per ent
st attle (Th pane w the exrvthrocytes and Roch bedies could be demon
strated)

121 Trvpral reactions followed by raiovery were noticed 1 27 3 per cent of
the ammals (I pana 1 the erythrocytes and hoch bodies could be dem
on tratedi

45 Mild reactins developed 1n 13 per cent of the catile which recovered
tTh par ¢ i the erythrocytes and Roch bodies could not be demonstratedt

4 Drreyular reacvons from which the animals recavered aceurred 3n 102
pereent of attle (Th parte w the ervihsocyte and ¥ och bodies could not be
demonstrated)
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(5) In 21 per cent of cattle no reactions and no parasiies were observed atall

The ammals that survived the artificial mfection were all subjected to an
immunity test by mfesting them with known nfected tichs  The results of
the e tests were surpnising  Generally speahing 1t can be stated that the
pattern of the different types of reactions in each group following the immumty
tests had some resemblance to that exhilited ongnally by the susceptible
cattle after the artificial snfection  Deaths occurred 1n all groups irrespecttve
of whether typical atymcal or no reactions had been neticed previously
What 15 even more strihin,, 15 that as many 4s 46 7 per cent of the cattle that
had not reacted at all to the arttfictal infection were found to be exther partially
or even solidly immune when challenged

1In a second series of experiments Theiler and du Toit (1928 1929) attempted
to transmt East Coast fever with infective blood or emulsions prepared from
partially engorged infected Ri appendiculatus ticks  The results of these
experiments were sumilar to those observed prestously  Typical atypical and
no reactions were seen  Immunity tests apphed on several of the antmals re
vealed the presence of a partial or a complete immumty even in such cases that
had not reacted to the artificial infection  Consideration of these results show
that the nature of the immunity wn East Coast feyer 1s not in accordance with
our present accepted views on protozoal immunity m general “The suggestion
was adsanced by Neitz (1943) that East Coast fever 1s a combined infection
of at least two f1ctors namely a protozoal parasite T/ par a and probably a

virus

Gonderra species of cattle

Gonderia annulate G annulale can be mantamned by serial passage
cattle provided subinoculations of blood and organ emulsions are carned out
during the course of the febrile reaction  According to Cordier Menager and
Delorme (1936) passage of the Kouba strain produced a remarkable change
1n the developmental cycle of G amnulate  After several generations only
Roch bodies appeared but no parasites in the erythrocy tes  Sergent Donatren
Parrot and Lestoquard (1932) state that all attempts to infect the vector with
the vaccmne strain of G annulala have farled  The inference 1s drawn that this
strain can be safelv used for the immunization of cattle without the danger of
creating resery ours for the mfection of vectors

Gonderia mutans  The artfical mfection of cattle with infective blood
(Theiler and Graf 1928) and with wfective organ emulsions and blood (de
hocl van Heerden du Toit and Neitz 193/) resulted 1n the appearance of
only ery throcy tic parasites of G mulans All attempts to demonstrate hoch
bodses faled The mnability to demonstrate schizonts does not necessanly
mean that this stage of the parasite had not developed i the host  \everthe
less Nettz (1932) demonstrated that the erythrocy tic stages can multiply and
maintain themselves for months n the complete absence of schizonts Blood
from a calf harboring a pure infection of G maulans was mjected mto 5 fully
susceptible splenectomized calf  Tour weeks later parasites appeared 15 the
penpheml arculation  Clean Ri appendiculatus nymphae were allowed to
feed on this ammal  Three months after moulting the ears of thys calf were
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renfested with the ensung adults  Tuele days hater Uus ammal des cloped
a thermal reaction and Rock bodies could be demonstrated 1 the machedly
swollen parotid phind and wn the moderately swollen prescapular and precrurat
fvmphatic glands  This expeniment was repeated with the same results
1no more splenectomized calves  The inference 13 drawn that the erythrocy i
stages of G mufans can mantain themseh es for long, penods n the complete
absence of scinzonts and that the latter stage of the protozoon confers the
immunsty

Gor tenrg luwrencer ‘The altempls at transmitting C lawrer cer with bilood
and organ ¢mulaions collected from an ox suffenng from Corndor disease to
tn0 susceptible cilves falled (Nez Canham and Nuge 1953)  This work
must be repeated bhefote final conclusions can be made

Gondersa speaies of heep and goats

Gonderra hrcs - Du Tot (1930) states that G Jrercan be easidy transmutted
nath mecine blood  The dicease 15 transruss ble from sheep to goats and
TICL 1ErST

Gonderra oms  Lestoquard {1929) infected a young grat with sheep s blood
contamning G 0 15 and then splenectomized the ammal It was thereupon
wfected with cultures of paratyphoid B hoch bodhes appeared 1 its glands
and the ery throcy tic parasites were demonstrable n the penipheral arculation

Tar Biorocwar 1 rovERTIES OF THF PIROTZASHS

Tt 1s evident from the above discussion that apart from the morpholygy
certam tolo wal properties namely the cyclical tran mssion by ticks the
pathogemicity and the immunological properties of the piroplasms have been
of extremely great assistance to the protosoolomst w differentiating between
the numeraus <pecies  The krowledge of these chiractenst s 15 of equaliv
great wny ¢ 16 the who s d with the contro} of the
disea es and to the (hemotherapeutist engaged m the synthess of speafc
drugs  Jtss esential that these mvestigators know how these protozoa man
tain themseives n nature and whether chemotherapy for the treatment of
naturatly mfected arumals and for the control of reactions dunng the process of
immumzation or alternatnely whether the distrucuon of mfected vectors
wilf be the correct approach for the control of tich borne diceases  The latter
procedure has almost completely eradicated babesiosis in the Umited States of
Amerna and East Coast fever m Southern Afnica  These results are both
achies ements of sigriteant impottance

Pathogemeaty

The domest and wild ammals suscepuble 10 certan piroplasms are hsted
m the appepded TABLES 16 to 24 The wnter wishes to thank R Bigalke
Director of the Natonal Zoologieal Gardens Pretonia Unton of South Africa
far s kind assistance o determiming the correct zoologieal names of the
susceptible wild ammals

Trom the avadable mformation one 1s justihed 1n concluding that the
piroplasms are stenavenous parasites b cadafh not sncluded in the appended
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tables 1s known to be transmissible from horses to mules and donkeys The
host range of B botts B argentina B berbera B mayor of cattle and that of
B trautmannzand B perronctlos of swine needs to be determined  The sporadic
appearance of B frautmanm 1n Afnica in pigs introduced from nonenzootic
regions suggests that the wart hog (I hacochoerus sp) and bush pig (Pota
mochoerus sp ) act as carners of this protozoon

Tmmunty

Studies on diseases caused by prroplasms have shown that with the excep-
tion of East Coast fever a complete or absolute immumty does not occur in
any of them

Immumty produced by members of the suborder Piroplasmides  hecovery
from babesiosts confers on ammals a fairly strong resistance or tolerance to a
subsequent infection with the same immunological strain  The existence of
immunologically different stramns has been determined under laboratory con
ditions and 1n nature  The transference of animals from one enzootic area to
another may be followed by a second attach of babesiosis  The pnm:u) attack
confers a vanable degree of agamst a ant
depending upon the immunogenic properties and \mx!ence of the supenimposed
Babesia species muld or alternatively severe reactions that may terminate
fatally can be expected  This type of reaction must be differentiated from re
lapses following infections with other diseases caused by bactena nchettsiae
protozoa viruses and helminths

The immunmty 1n babesios:s 1s referred to as a premunition labile infection
latent wnfectron or tmmumitas non slenthisans  This persists as long as the
ammal remains a carner of the infection A latent 1nfection mav be harbored
for periods of up to two years as shown n cattle sheep swine and dogs or
alternatnely for longer penods of up to 12 years as demonstrated 1n cattle
after recovery from a B bigemmna infection  Parasites may disappear com
pletely as a result of autostenlization or after repeated treatment with specfic
drugs D of the agent renders ammals fully susceptible

It has been the experience of numerous investigators that with the exception
of puppies calves and foals under the age of a year and of lambs hids and
piglets up to the age of three months are highlv resistant agamnst babesie m
fections (no information 1s asailable about the resistance of kittens) A satis-
facton, uplnnmon has not yet been offered for this phenomenon  The only

and cal between these ammals 1s that m
puppies mxoluuon of the thymus commences within a few dayvs after birth
while 1n the other species this organ persists for several months before de
generation sets In It needs to be determined whether or not the thymus 15
responsible for this resistance

The 1mmunity 1n babesiosts may| be interrupted when animals suffer from
an intercurrent mfection or after splenectomy It 15 generally accepted that
the reticuloendothelial svstem participates n the battle of protection [ hago
©vtosis by monocvtes prevents an unlimited increase 1n the parasites and mamn
tains the labile balance
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1957)  From this ohsery ation 1t1s deduced that the demonstration of ery thro
£y 13c parasstes i & naturally infected animal does not necessanly mean that st
35 stull harbonug schizonts It merely sipmfies that it has been exposed to
G mutons infected ticks at some stage of sts hfe  The importance of conduct
ng suntlar expeniments on G annrdale G farar and G on1s 1s self ensdent

jt agamnst \ed Coast fever 18 pracused i North
Aftica and e Israel  For this purpose 2 anld straw of the Jocal orgamsm 1s
ereployed and 1t 1s emphasised that 1t should be done in caifhood (Richardson
1943)

The resitance of young ammals to Theileria and Gondersa snfections appears
10 be less pronoanced than in the case of babesiosis  The mortality from

amahebe presumably Th per-a wdection i Tanganyiha varnes from 10 to

30 per cent  The wnter found 1n South Afnica that cabves up to the age of
three neeks were as susceptible to kast Coast fever as adult stoch  Machatue
{1935} recorded a mottality rate of 30 pec cent due t0 & annvlata in Bagdad
while 1 other enzootic areas cahes appear to be highly resistant

Srantary Asp ConeLusion

{1)  fustoncal restew of the classification of the prroplasms mcuding the
classificatory hists compied by eathier workers are gnen

(2} Reasons are offered for the revision of the previous classifications

(3) Comsideration of the strhmng differences between the hfe cycles of the
Babesidae and those of the Therlerdae and Gonderidae suggests that the former
family should be retamed in the suborder iroplasmidez Wenyon 1926 and
that the fatter tho famihes be wcluded i the suborder Leucosporsdea Nestz
and Jansen 1936

(4) Both suborders ate retamed w the order Cocnada of the elass Sporozoa

{») The revision of 1he classification 15 based on the fact that members of 1he
Puroplasrmdea multiply by binany fssion wathin the ery throcy tes nwhile mem
bers of the Leucospondea reproduce by schizogeny 1 the leukorytes

(&) The suborder Piroplastidea 1s represented by a single family Babesidae
a single genus Babente and a large number of species

(¢) The suborder Leucospondea 1s represented by two famulies Theilendae
and Gondendae A single genus and species Therleria pana 1s retamed i the
Thetlendae  The family ondendae 15 represented by two genera Gondersa
and C1igux=oon COTOPrSING MaAn) Species

{8) The member of the farmly Thessendae multiplies only withn the lympho
cytes by sctuzogony whide members of the famly Gonderidas reproduce by
schizogomy within the Iy mphocytes (Gondersa spp) or within the hustiocy tes
{Cstary aonsp ) and by binary fission in the ecythrocy tes

(9) Two classificatory hists one of the Puroplasmidea and anather one of the
Y eucosporidez ate gren

(10) The knewn arthropod vectors of the prroplasms are detaied m a senes
of tables

{11} Menuon 1s made of the sccurrence of the wntea rtenne trensmussion of
the prroplasms.
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Numerous experiments have shown that there 1s no cross immunity between
the different Babesia species  Relapses may develop in amimals immune to
one species while reacting to another

Ammals can be rendered 1mmune to babesiosis by infecting them artificially
with the nfectious agent and treating the ensuin, reaction with specific drugs
This method of immunization s being practised 1n cattle m several countnes
with satisfactory results In enzootic areas young ammals acqure 2n im
munity that renders them resistant to subsequent mnfections The state of
premunition 1s maintamned by repeated reinfestation by infected ticks

Immunily prodiced by members of the suborder Lencosporidea  Certawn aspects
of the immunity exhbited by the Therleria species and Gonderia spevies have
already been referred to i the previous two subheadings and should be read
1n conjunction with this discussion

Cattle that recover from a naturally acquired East Coast fever reaction de
velop a solid immunsty that persists for a vanable length of tme  This im
mumty may commence to wane after a year and may disappear completely
after a few years The writer has observed that in some cases the immumty
was still sohd after five years  When testing the immumty of recovered am
mals varous results can be expected  Sometimes no reactions are observed
at all Then agan either very mild reactions develop during which only
Roch bodies appear 1n the supetfictal Iy mphatic glands or moderate reactions
are seen dunng which koch bodies and ery throcy tic parasstes appear  Ticks
are capable of mfecting themselves while feeding on animals showing the latter
type of reaction and of transmutting the virulent form of East Coast fever
Such moderately affected animals escape detection and are liable to complicate
the East Coast fever eradication scheme as practiced in South Africa

The 1immunization of cattle by means of the intravenous admumistration of
spleen and gland suspensions has been practised for only a short perod 1 South
Afnca Tt proved unsatisfactory since as manv as 25 per cent of ammals
died during the courée of immumzation and of the survivors not more than
60 to 70 per cent proved to be immune on being exposed 1o tich nfestation
The immumzation as a control measure was superseded by systematic dipping
1 arsenical solutions

Recently Neitz (1923) has shown that cattle can be immumzed successfully
agamst East Coast fever The infection following the infestation with
fected ticks 1 suppressed by repeated intravenous admimstration of Aureo

mycm (10 mg /kg ) on alternate days dunng the incubation period and dur
wng the first few days of the reaction Although this immunization process
cannot be applied 1n practice 1t 1s nevertheless believed that 1t will be of assist
ance in immuriological studies at laboratories

Ammals that have recovered from infections due to the different Gonderra
species develop an unmunity  The erythrocy fic parasites persist throughout
We It has not yet been determined whether or not the schizonts are retained
for the same period  In the case of G mulgns 1t has been determined that no
1mmunogenic relationship eusts between the schizonts and the erythrocy tic
stage of the parasite (\eitz 1952) Moreover the ervthrocytx parasites can

maintain themselves 1o cattle 1n the complete absence of schizonts (Neitz
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(12) The available information on the pathogemeity of the piroplasms is
detailed 1n a senes of tables

(13) The data show that the 1 are T
(14) The nature of the immumty exhibited by the piroplasms is briefly dis-
cussed
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fission or by budding wath nevee mwre than four merozenes bewny, produced
The latter insanably become arranged i 3 roseite of w a crosshhe formation

On the hasss of genesit nocdear and o toplasmse morphalogy stamng reac
ton wonstancy w the pumber and configuration of the merozoues 1t 1> now
yiroposed to mclude I jadn and 22 warsac 1o 3 vew penus (0 shad the same
Babesosoma gen non s pver  The name Babestosama 13 selected because of
the strihing, wlamy to Babesio guodrsgeming

Sfarphology ani I ife Histery of Dactilosoms

\ccording 1o Noller (1983} the asexval stage of Declylosomu ranarim 15 sn
elongated or rounded form wiuch may be seen within the hnving envthrocvie as
2 kyahme mass of protoplasm contaming refringent glabmles  Ciemsa stamed
preparations shon tzophoroites with 4 1o 16 distnet nucles the fatter usually
aranged at the penphery  Schizogony Lies 1t € 19 ¥ to 16 merozoues with
sphericat nuclen arranged 10 a fanbibe pattern A second 1y pe of schizogony
ahes nse 1o mernzmies with shghtly elonpried or dumbbelt shaped nugler
These become gametacy tes with sphencal nucler the male gametom tes pos
sess small haryosomes and the fenrde gametorstes have laege Sanosomes
Notter was unable 10 obtain trznsmssion with the Yech Heprwlepsis marginata
shich 1s 2 hoown sector for teypanosomes ond other hlood parasues of Euro-
pean frogs and hsh  In view of these negative resehia N\oller supgested that
thefish louse 1rgulus fohocens v the probable vector  Weagree usth Ven
von (1976} that the reason for thss sugzestion 18 not cdear espeuially since it 15
known that these wapepods ase not blesdsucking orgamsms

Sumilar developrental stages have been described fov Dactylosamg seheling
From the brock trout Sulreltnss fonttaales and for B svhatica fram the wood
frag Rena srkafica by Yantham forter and Richardson {1942 In D sof
telias the youngest stage absered wasa small eval or rauvad bads  with 2 round
nucleus and a distinet haryosome  Binucleate tetranucleate and schizonts
with 6 7 and 8 pudes were found  Vost of the mature schizonts were fan o
wedge shaped with nuler arsanged on two uides or perpherally  1n some
y foplasmc 100 to form was mduated 11 others mero.
zoutes were formed anid 9 a few cases completely separated merozotes were
seen scattered 1 whe ¢ toplasm of the ery throcytes  Two tvpes of grmetocvtes
were also ohserved  One was oval or remform wath granular ¢y toplasm and &
tounded nucleas with rather dense chromaun  The second 1ype nas also rem
form It had a mudh paler stamnsng «ytoplasm and a nuelews of scatgered chro
mats granales By companson with ather Haemospondia and therr staming
reaction bamtham Jorser and Richardsen were mclined to consyder forms
with gravalar o toplsm and denser chromatin as macrogametocy tes and thase
with paler stanung ¢ytoptasm and granular nucder as microgametocy tes  Fur
ther stages i development were not found

The schizony schuzogony 3nd number of merozoney produced w D sahghice
were smter 10 those seen sn B seholom differwy masaly sn dumensions and
host specipesty  Forms interpreted as male and female gametocyies were also
found distngwshed on the same basts as the gametacytesof D saliebnr  Bat




BABESIOSOMA GEN NOV AND OTHFR BABESIOIDS IN
ERYTHROCYTES OF COLD BLOODED VERTEBRATES

By Sophie Jakowska and Ross I’ \igreth
College of Mount St Vincent and Vew ¥ ork Zoolagrcal Soctely “ew York N 1

At present 1t 1s amongst the Haemo pondia of cold blooded Vertebrata that
researches are most needed —F A Mracirs (1903)

Inlroduction

The history of our knowledge of blood imhabiting protozoans 1s intimately
connected with their discovery 1n cold blooded vertebrates Numerous impor
tant firsts * have onginated from the mnterest of the early investigators in para
sites of fish amphibians and aquatic reptiles  Thus the first observation of
a blood parasite was that of Valentn (1841) who saw trypanosomes in trout
Mammalian try panosomes were not discovered until 23 to 30 yearslater  Also
the first blood inhabiting sporozoan in a porkatothermic vertebrate was reported
1n 1871 by Lankester This parasite was later designated Dactylosoma re
narum now recogaized as a nonpigmented haemospordian  This finding to
gether with the discovery of the malarial parastte by Laveran (1880) 1s credited
with Jaying the foundation to our knowledge of the Haemospontdia It ap-
parently exaited such interest in the early 20th century that 1n the words of
Minchin (1903) the study of Sporozoa was to assume 1n the near future a post
tion of importance scarcely secondary to that held by the science of bacten
ology

Babestords 1n Cold Blooded 1 ertebrates

Wenyon (1926) suggested that certam unpigmented parasites of the red blood
corpuscles of reptiles and amphibians that could not be ncluded with other
intraery throcy tic sp (eg H. 12) may be tives of
mammalhan prroplasmata in cold blooded ammals  Thus the genus Dactylo
soma 15 usually placed with genera wnceriae sedis but 1s constdered to be closely
related to Babeste  Noller (1913) believed the genus to be intermedtate be
tween Plasmodium and Babesia

Seven species of Dactylosoma (D ranarum D tritonss D amamae D Jalt
D mariae D sahelon and D syhatica) have thus far been recorded . The
type genus Dacirlesoma Labbe (1894) 15 characterized by relatively large tro
phozortes which by typical schizogony produce 4 to 16 merozoites W hen
nuclear multiplication 1s complete merozoites are formed by the development
of buds on one side of the parasite only producing a structure that has 5 hand
like appearance hence the name of the genus  When the number of mero
zortes 15 four which 1s not typical the resemblance to Babesia 15 striking

This method of sthizogony and the varied number of merozojtes produced
15 a regular feature in the ty pe species Dactylosoma ranarum and1n D trytoms
D sahelim D svlatica and possibly m D amamae  In D jakhwm and 1 D
manae honever asexual reproduction occurs by typual schizogony binary

12
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schizogony however was obseried This type corresponds to that reported
1 the present paper for B jahns te without the residual mass

Babesiosoma martae differs from B jahni in exhibiting only the one type of
schzogony different dimensions of the vanous stages different host species
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mg msects were v estigated as possible intermediate hosts but no positive en
dence was found

Both D sal elun and D syhatica duffer from D ranariom 1 host and geo-
graphical distribution in the size and shape of varnous a<exual stages andn
the number (eight) of merozoites produced

Morphology and Life History of Babesiosoma gen nor

The members of the genus Babestosona can be readily distinguished from
those of the genus Daclylosoma by the following features (1) a less granular and
more vacuolated cytoplasm 1n all stages (2) a Babesia like nucleus, without a
defimte haryosome (3) reproduction by tvpical schizogony binary fission or
budding and (4) development of not more than four merozotes, usually ar
ranged In a rosette or cross shaped

On these bases two species are now recognized as Babestosoma jakn (= Dac
tylosoma jahom \agrelll 1929a), from the common newt Trifurus tirtdescens of
North Amenica, and B mariae (= Dactylosoma mariae Hoare 1930) from sev
eral species of cichlids of the genus Haplockrom:s from Lake Victona Africa

In Babestosoma jahnz, according to Nigrellh (1930) two types of schizogony
are encountered 1n WWnght stained matenal In one tvpe ilustrated in FIG
ures 1to 7 the first nuclear diviston 15 at night angles to the long axs of the
schizont and the daughter nucler remaimn at the opposite poles (FIGURE 6)
Lach of these polar nucler also divides giving nise to a tetranucleate plasmo-
dmum (rreuresland 7} Cyteplasmic diision mitiates at the poles and ex
tends only to about the middle third of the body of the trophozotte  The
daughter organisms are separated atound a central axis forminga rosette with
or without a residual mass at the center of the formation  In the obserations
reported here this type of merozoite production but without the residual mass
was most commonly encountered (FICURES 2 4 > and 7)

In the other type of schizogony reported by Nigrelli n 1930 the tetranu
cleate plasmodium undergoes two successive hissions  The first takes place
along the major axis and letelv divides the troph nto two binucleate
forms The second fission at nght angles to the first dnides each of these nto
two merozoites which finally become arranged 1n a rosette of four mdiduals
without a residual mass  Stages interpreted as gametocytes were found (r16
ure 3) and 1t was suggested (Nigrell: 1930) that the forms with small nuclet
were the male gametocy tes whnle those with lxrge nucles were the female game
tocytes

’1}‘110 complete cycle has not been established for exther species of Bubestosoma
although sporozoitehke forms of B jakmi were observed m the plasma of the
newt (Nigrelh 1950)  Parasitic leeches were suspecied as the transmtting
agents although 1t 15 possible that mites may be involved the transmission oc
curring 0 the land stage of Trilurus tindescens

Babesiosoma mariae (Hoare 1930) was found in the erythrocytes of Hap
lochroms nubilts H cinerens H serranus and I sp members of the famly
Cichlidae from \ictona \yanza near Lntebbe Uganda East Afrca  All
stages of the parasite basically resembled those of B jaknt  Only one ty pe of
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single 1solated and often hight infections although the parasites have been de~
scibed in frogs and toads from many localities (Tapte 1) Laveran (1898) ob-
served the infection 1n many European frogs (Rana esculenta) and found the
disease more frequently 1n ammals examined 1n summer than in winter  Dut
ton Todd and Tobey (1907) clatmed to have seen drepamdia 1n almost
every Afncan frog and toad examined the species included Rena galemensis
R oxyrivnchus R mascarensts Rappra marmorata and Bufo regularts  There
15 no way however to determine whether or not all the forms seen nere actu
ally drepamdia  1e Dactylosoma ranarum  The above authors also noted
the association of these intracellular parasites with trypanosomes a fact re
ported by several investigators and emphasized by Billet (1904) who beleyved
that these parasites represented stages 1n the Lfe cycle of trypanosomes

The ranty of these cold blooded haemospondians 1s also indicated for other
species  Thus Tantham lorter and Richardson (1942) n their Canadian
studies found only one tish (Salrehinus fontinalis) 1nfected with Daclylosoma
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and different geographical distnibution  Although stages that were interpreted
as young and mature male and female gametocytes were recognized by Hoare
no further information was obtained for the nussin, stages teg sporogons)
1n the life cycle of B marwue

Incidence of Dactylosoma and Babesiosoma Infectoys

Dactylosomd mfections appear to be asymptomatic and because of this
the parasites may actually be more common than reported 1n the Iterature
The reports by the majonty of iy estigators on Dacivlosoma ranarym deal with
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plastid an element 1n which the cv toplasmic portion is reduced or almost alrent
(agrelll 1979 Jordan 1933 Jahowsha and Nagrelli 19°0 1952)

The dacty losomids are f3und in the o toplasm of the envthrocvtes and enth
toplastids  They do not as a rule cause the cells to rupture probably be
cause of therr mall size  Di placed or deformed nucler of the envthrocytes
swollen cell or dehemoglobimzation have been repotted (hruse 18%) Dutton
Todd and Tobey 190: Noller 1913 Fantham Yorter and Richard-on 1947)
We are 1n agreement with some of the other early imvestizators (e g Laveran
189% Mathus and Teger 1912) that infection with dactvlosomid  produce
ven little or no pathological manifestations

igrelli (1930) stated that the blood of newts infected with both Babestosoma
Jalnt (= Dactylosoma gahn) and Try p mosoma diemyctsls presented a high per
centage of abnormal ery throcy tes and erythroplastid  He remarked however
that these degeneratne changes were never found m the cells infected with
Babesiosoma  In the present studies a mild preudoers throblastic anema and
trypanosomiasis (FIGURE 6) were a soaated with the infection  The one
heavaly infected wrradiated newt reported here (TabLrs 2 3 and 41 howed no
changes 1n the penpheral blood that could be attnbuted to either para 1tes or
to radiation {TaBLE 2) although the actinaty of the granulocviopotetic laver
of the Iiner and ery throporesss in the spleen swere somewhat depressed

Taprr 3
TERCENTAGE OF CFLLS 1N ONE ADULT TRITURD  VIRIDESCENS SHOWING “INGLE AND
Arrreie INFECT Ns wrrn Base 10sMa Jaint
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ymmature cells that occur 1 vaned numbers in normal urculation  The ery th
roplastids are the nonnucleated hemoglobin Liearing elements that ongimate by
cytoplastue cleavage of the erythrocytes 1 nudeated portion with a small
o toplasmic Tim 18 left and ss knownasamurocvte  Infish and in amphibins
¢hese nonnucleated elements occur normally in small numbers but they may
Increase excessis ely under certain conditions  Hemoglobin defictency and cell

deficiency anemias are Lnownn cold blooded vertebrates  Trafurus iridescens
1 subject to 2 pecuhar form of anema of still unhnown etiology 1n which the
hemoglobin bearning part of the erythrocyte becomes filled by an enlarged nu

ddeus  The final product of theery throcy te tran formttion 1s a pseudoery thro
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The dactylosormd are found 1n the cv1opla m of the ers throcs tes and eryth
roplastids  They do not as a rule cause the cells 1o rupture probably be
cau.e of ther, small sz Dh placed or deformed nudler of 1he enthrocytes
snollen cells or dehemoglobiruzation haye been reported (Aruse 1890 Dutton
Todd and Tobey 190/ Noller 1913 Tantham lorter and Rt hardson 1947
We are in agreement with some of the other eatly imvesugators (e g Laveran
1898 Maths and Teger 1912) that infections wath dactylosomd  produce
sen hittle or no patholomcal mamfestations

“agrelli (1930) stated that the blood of new ts sfected with bath £ abenosuma
salins (= Da losorma yakm) and Trypanosoma diemvehrli presented a hagh per
centage of abnormalen throey tes and ervihroplasid  He remarhed however
1hat the<e devenerative changes were never found i the wells nfected with
Babestosoma  In the present studies a mild peeudoen throblastic anema and
trvpanosomass (FIGCRE 6) were assoaated with the infection  The one
heavsly ifected wradiated nest teported here (Tastis 2 3 and 4) showed no
changes in the penpheral blood that could be attributed ta either parasites or
to radution (rarLE 2) althou b the actmty of the granulocy topotenic fayer
of the hver and en thropoiesis m the spleen were somenhat depressed
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Typically the vanous stages of Babesiosoma jaluz were seen in the erythro
cites erythroplastids, microcy tes some younger red blood cells and in 2 fex
of the pseudoen throplastids  The number of infected celis appeared gh
(523 out of 1944 blood cells counted)  \Imost 41 5 per cent of all hemoglobin
contaning cells however were infected (T1BLE 2) and about one fifth of these
carried multiple mnfections  Erythrocytes and ery throplastids 1n particular
with double triple and quadruple infections (raBLE 3) were frequently secn
and the schizont (and gametocy te?) stayes were obseryed most often (TapiE 4)
No Babestosoma was seen in sectrons of spleen Irver, and other organs stained
with standard histologic and hematologic methods ~ I'he number of destroyed
ceus 1 smears {smudges) was ne ligble for such a heavy mfection  ‘“Irec
parasites were found m the viantty of the fatter, and st 1s quite probable that
these were refeased from the cells during smeanng  The pseudocry throblastic
anemia n thi> ammal was not severe and Babesiosoma infection of early pseu
doery throplastids was rare (t1BLE 2) It 15 possible that astde from the mor
phologc transformation n these cells the hemoglobm 15 basically altered m
this form of anema  Such cells probably do not present the proper environ
ment for B zahm  In the case of B mariae no obvious pathology was noted
i the infected fish blood cell

Tavonomic Posttion of Dactylosoma and Babesiosoma gen 10

‘The exact taxonomic position of Daclylosoma has had considerable discussion
1n the early Iterature  This parasite together with a hemoflagellate w1s dis
covered by Lankester 1n 1871 1n the ery throcy tes of one frog  Lanhester (18%7)
pamed the parasite Drepanidiem ranareem and recognized 1t as a member of
the Sporozoa  In fus second paper {1882 however he believed that the para
site was a coccidan and that certain spores found by Lieberkuhn in 18> m
the hadney of the frog were part of the cycle  Ths interpretation led Hintze
(1902) to believe that the form described by Chaus at (1850) as Angelluda
suema was the same as 1 ankester s Drepamidium ranaruwm and should there
fore have recerved prionty  As was later shown fuguillula mimma 1s a coc
cdian now recogmzed as Lankesterella mimma It was Lanl estec s discovery
rather than Chaussat s that attracted attentron and he was therefore gnen
credit for stumulk research on H:

Drepamdiym ranarum was rediscovered by hruse (18%0) who placed 1t 1n
the genus Haemogregarina It was aamn reported as Hoemogregarina ranarum
by Cellr and Sanfehice (1891) and ay Lazeramg ranarum by ( rasst and Feleth
(1892) who were imptessed by its similanty to Haemogregannes and to the
fwuman malanal parasite which at the ume was «alled £q erama malarsae
1 abbe (1893} reported Dactvlosora spiendens Drepansduum membrs and Drepa
sudrumt princeps from the blood of European fro.s  In 1509 he rlegated Dre
yanm’mm ranarum of 1 ankester to fanke terella ranarum It 1s now recog
nized however that Drepamdmm momhss 1w part and Drepanidinm princeps
are cocadians and belong to the penus [ankesterells 1 abbe Dictylosoma
splendens 15 synony mous with Drepanidium ranarum 1 ankester but since the
pame Drepanrdium 1 hrenberg, (1861) wa» preoccupred by another prtazoan
the name Dac\losema Labbe stands the peanc name splendens 1s redued to




Jakonska & \igrelh Cold Blooded \ ertebrates 123

ssnonmymy  Hence the type species should read Dactylosoma ranarum (1 an
Lester 1%57) 1abbe 1394 and not Dachiosoma ranariem (Rruse 18%) as re
ported n the literature (Noller 1913 and later authors)

Noller (1913} discussed the valdity of all the generi. names gven for the
sporozoan described by Lankester as D d namely Lank i
Haemogregarina  Laverama  and Dadylu:nma As thev are known today
Lankesterella and Haewogregartna are detimtely Cocaidia Tankesterella belongs
to the suborder Eimenidea whereas Haemogregarma 1s mcluded mn the suborder
Adelerdea Larerama and Daclrlosoma are Haemospondia the former which
15 svnonymous with Plasmoedium 1s charactenzed by the presence of pizment
granules the latter by their absence

Since speutes of both Haemogregarna and I ankesterella also occur in ery thro-
cytes of cold blooded vertebrates they are often confused with dactylosomuds
The fact that the sporogenic ¢ cle has not been found for Dacfylosoma makes
this form somewhat difficult to distinguish from other sporozoans eccurnng 1n
the ervthrocytes  Certain features of the trophozoites (schizonts) schizogony
merogony and gametocyte development are charactenstic and may be used
to wlentify the vanous forms found 1n the blood (TsBLE 5)  Thus 10 f ankes
terella schizogony and sporogony occur in the endothelial cells of the vertebrate
host and 1t 1s the sporozoite that enters the red blood cell to be picked up by
the leech which acts as a transmutting agent  In Haemogregarina  porogony
occurs 1n the gut of the leech while schizogony merogony and gametocy te
development occur 1n the red cells of the vertebrate

Some confusion could also exist between reptihian dactylosomid and other
erythrocy te tnhabiting sporozoans such as Schetlackia Aarvolysus and Haemo
proteus  Schellackia 1s an exmend cocaidian closely allied to Lankesterella but
differs 1n that the schizogony and sporogony occur m epithehal cells of the gut
of the vertebrate host with the sporozoites entenng the red blood cell  Aary
olysus like H. g 1> a blood 1nhabiting adeleid cocaidian 1 which
sporogory accurs tn the gut of mites <chizogony 1n the endathelal cells of the
vertebrate host {usually lizards) the merozortes entenng the erythrecyte as
mature gametocy tes

Inadditton there may be some confusion between Daclylosoma Babestosoma
Haemoprotens and certain species of Plasmodum  Haemoproteus 1s 2 ptgment
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producing haemosponidian of birds reptiles and amphibians It differs from
the typical bers of Pl {1um 1 that schizogony occurs in the endothelial
cells of the vertebrate host and the merozoites enter the red cells where they
mature into gametocytes  Sexual reproduction occurs in blood suching imer
tebrates  The presence of pigment and lach of schizogony 1n the ery throcytes
immediately separates the members of the Haemoprotens from Daclylosoma
and Babestosoma

A number of species of Plasmodium have been described from amphibuans
(Tantham Porter and Richardson 1942) and from reptiles (Fantham and
Yorter 1950 Powson 1923a) The forms described as Plasmodium minasense
Cannt and Kudolph 1912 and P carini: Leger and Mouzels 1917 P rhad:
nuterum Thompson and Huff 19442 and b and P flortdense Thompson and Huff
19444 and b are of mterest because they produce a small number of merozoites
Both P winasense and P rhadisturum show the rosette formation of four
merozoites  Venyon (1926) was impressed by the mode of production of only
four merozortes in P mnasense which could not be distingwished from such
forms as Babesta guadrigeming and Lchromaticus esperugims were 1t not for
the presence of pigment  In his opimon forms such as Plaswodium srinasense
appear to be the connecting link between the Plasmodudae and the Piro
plasmidae  According to Powsson (1923a) P catesbiang and 1 bufoms in the
red cells of amphibians are 1n all probabihity Haenogregarina an interpretation
mn which we concur

In summary Dactylosora Babestosoma Haemogregarina and Plasmodium
are the only forms of blood inhabiting sporozoans in poikilothermic vertebrates
n which the asexual cycle and gametocy te deselopment 1s completed 1 the
erythrocytes  Plasmodium 1s characterized by the presence of ntercellutar
h Haemogregarina 1s dist hed from Dactylosoma and Babestosoma
i that 1ts schizont meront and gametocy te have densely staining cy toplasm
and nuclet  The plasmodium and the ndiniduals resulting from schizogony
are comparatnely larger tilling the entire blood cell with considerable dis
placement of the nucleus of the host <ell In Dacfylosoma and Babesiosoma
as compared with Haemogregarina the schizont meronts and gametocytes have
scanty weakly staning cytoplasm and nucler  The plasmodium and mero
zo1tes are comparatively smaller rarely hilling the space between the nucleus
and the penphery of the cells even though a single cell may often show multiple
infections by varous developmental stages of the parasite

The distinction between blood inhabnting Cocadia and Haemosponidia 18
made on the basis of the motile and nonmoule 2y gote and the absence or pres
ence of an envelope in which the sporozoites are formed  There 15 some evi
dence that in Babesiosoma jakhna the sporozotes are naked (\igrelll 1930) this
would place the members of this genus 1n the Haemosporudia 1 he rest of the
avele asmmany of the Babesudae 1s not completely known  The members of
the Babesudae are charactenzed in the arculating blood cells of mammals by
the presence of two to four merozoites with scanty and weakly stamng (with
Romanowshy s stamn) cytoplasm and nuclet and lack of pigment  These fea
tures also occur in certain dactylosomids of cold blooded vertebrates Such
dactylosormds also show 1n certain stages of merozoite production a rosette

P
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producing haemosporidian of birds reptiles and amplubins It differs from
the tvpical bers of Pl disen an that schizogony occurs in the endothehal
cells of the vertebrate host and the mero.oites enter the red cells where they
mature nto gametocvtes  Sesual reproduction occurs in blood sucking inyver
tebrates  The presence of pigment and lack of schizogony in the etrythrocytes
immediately separates the members of the Hacmoproteus from Dactylosoma
and Babestosoma

\ number of species of Plasmodium have been described from amphibians
(Fantham Porter and Richardson 1942) and from reptiles (Fantham and
Porter 190 Iowsson 1953a)  Ihe forms described as Plasmodium munasense
Canm and Rudolph 1912 and P caronn Leger and Mouzels 1917 P rhadi
suriem Thompson and Huff 1944a andb and P floridense Thompson and Huff
1944a and b are of interest because they produce a small number of merozoites
Both P #nasense and P rhaduturum show the rosette formation of four
merozoites  VWenyon (1926) was impressed by the mode of producton of only
four merozoites m P munasense which could not be distinguished from such
forms as Babesta guadrigemuing and chromaticus esperugims were 1t not for
the presence of pigment  In his opimon forms such as Plasn odtum wanasense
appear to be the connecting link between the Ilasmodudae and the Piro
plasmidae  According to Poisson (1923a) £ catesbiana and P bufomss m the
red cells of amphibians are 1n all probahility faemogregarina an interpretation
n which we concur

In summary Daclylosoma Babesiosoma Haemogregarina and Plasmodium
are the only forms of blood nhabiting sporozoans in poihilothermic vertebrates
1n which the asexual cycle and gametocy te development 15 completed 1 the
erythrocytes  Plasmodium 1s charactenized by the presence of tercellular
h II garina 1s dist hed from Dactylosoma and Babesiosoms
1n that 1ts schizont meront and gametocyte have densely staiming cytoplasm
and nucles  The plasmodium and the individuals resulting from schizogony
are comparatisely larger nlling the entire blood cell with considerable dis
placement of the nucleus of the host cell  In Dactslosoma and Babestosoma
as compared with Haemogregartna the schizont meronts and gametocytes have
scanty weakly staining cytoplasm and nuclr  The plasmedium and mero
zoltes are comparatively smaller rarely illing the space between the nucleus
and the peniphery of the cells even though 2 single cell may often show multiple
nfections by vanous developmental stages of the parasite

The distinction between blood mhabiting ( ocerdia and Haemosporidia 15
made on the basis of the motile and nonmotile 7y gote and the absence or pres
ence of an envelope 1n which the sporozoites are formed  There 1s some evl
dence that in babestosoma jakm the sporozartes are naked (\igrelli 1930) this
would place the members of tius genus w the Hacmosponidia  The rest of the
cvcle, as 1n many of the Babesudae 15 not completely known  The members of
the Babesndae 1re charactenzed i the arculiting blood cells of mammals by
the presence of two to four merozoutes with seanty and weakly staining (with
Romanowshy s starn) cytoplasm and nucler nd lack of mgment  These fea
tures also oceur i certan dactylosomuds of cold blooded vertebrates  Such
dactylosomids also show 1n certain stages of merozoite production a rosette




Jaloush t & Mgrath Cold Blooded Vertebrates 12

formation strlangly <smlar to that =een w the red cells of mammals wnfected
with Babesta quadrigemng B wdans B egue (N otlalha egua)  Yclromaticus
resperugnus and Thederss parta Dibe the true Babesods these dactylase-
mds often predue pear shaped or vermiclar trophozostes several of which
mav b2 found in & single bload wil

The members of the genus Dochlesoma 10 the opimon of many authers do
not rate & position of tasenomic importance bemg relegated ta the genera of
uncertan status (Wemyon 1926 Rewchenow 1926 hudo 1946 Hall 19a3
Toison 1903)  Thue s a gowwg fecing honener that they ate yefated
w Babesudae of msmmals  $tenson sn 1926 centarcd the opimion that ertata
napgmentad parasites of the red blood corpuscles of reptiles and amphitaans
which cannat be ncluded with the haemogregannes are possibly representa
tines 1 cold blosded + of piropl bat ) b
T owson (1953c) supposted this vies applyin, @t 18 the enus Duchilosoma
partcular

Youssan (1933h) crcated the superfamily Babesiowdea for the famlies Babes:
e (= pl Jae} Thelemd inaplasmidae  The famly Dacty
losomidae was proposed by Jahonsha and Ngrell (1935} as a fourth members
of this supe famaly  to mdade the nonpi mented haemospondians of cold
blooded + ertebrates m which schizegony  with the production of 410 16 mero-
zoies and gametogyte development takes place in arculating red blowd cells
The derelopment of gumelocy tes m the 1ertebrate host disimguishes the Dac
13tocomdae from the other members of the superfanily Babesioudea

Tuo genera Daoenslason g and Bobestosoma gen nov  are mcluded 1 the
farmly Dactylosomdae with tie following speues (1amie B Dactylosoms
ranarum {Lanhester 1887 D drrtoses {Lantham 1900} D amamae (et
zew 391D D sshichm (Fantham Loner and Richatdson 1947) and D s/
1 e (Pantham Porter and Ruhardson 1942) Babesiosoma johon {(Nagrell
1929a) and B mwarge (Hoare 1930)  Both D tifomar and D smaniee were
ongnally descnbed as Lunkesterella but were renamed by Wenyon m 1926
Yoisson {1923c) 15 uf the op nion that thas mterpretation s at least parily cor
rect

1 entical examimation of other intraer thracy 1 sperosoans of polatotherms
mas reveal forms described under different genenie and species names which
way fall into the fanuby Dactylosomidar  Members of the nonpgment pro
ducing genus £ rhemacyton (L hatton and Blane 1913 1916 Brumpt and
Lavier 1935 Wood 193s) in the blood of hzards may e dactylosomds or
dosely related forms
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THE MANITESTATIONS AND DIAG\OSIS OF
B1BESI t INFECTIONS

By W D \alherbe

Department of Velerinary Medictne aculin of Velurinary Set nce Uni ersuy «f Pretorn
Onderstepoort Union f South Africa

ABSTRACT

In spite of a considerable hterature on the Babesia infections of anmals
there are comparatincly few references to aty pical mamfestations of the dis
case  The existing rcferences are reviewed i this paper  They mclude cases
manifested by ocular respiratory digestve nervous and rheumatic symptoms

Since the causal agents are not alway s demonstrable 1n smears of the peniph
cral blood and since the disease picture can be so very vanable the cntena of
diagnosis are lad down and discussed A number of cases studied at the
Onderstepoort \ etennary Institute Onderstepoort Union of South Afnica are
described according to the body systems mainly molved  Respiratory symp
toms include a range from simple catarrhs to intense dy spnea simulating pneu
moma A strhng jroup 1s made up by the inyolsement of the arculatory
system presenting such symptoms as severe asates asymmetrical edemas and
purpunclesions  In the nervous system Babes:a nfections are represented
ammals by the manifestation of epileptiform fits aberrations of the gait ab
normal actions and postures and penipheral nerve palsies  Ententis and gas
tnuis indicate involvement of the digestive system

The pathogene«s of the atypical lesions 1s discussed 1 considerable detail
1 the light of the pathological and chinicopathological changes that tahe place
i the babesioses  These changes include bloching of the capillanies by ag
glomerations of parasitized red blood corpuscles with consequent local tissue
anoxa and intoxication anemia hy poalbuminema deeneration of the liver
and hidneys capillary fragihity and marked coagulation defects of the blood

In all these changes and mamifestations there 15 a close parallel with those
encountered m malana from time (o time particularly i the malignant tertian
form  Important references from the literature of m;

alarin are cited 1n support
of this observation

IntrODUCTION

In a discussion of the manifestations and diagnoss of Babesta mfections 1t
18 expedent to use the dog as the ty pe animal because of the very great wealth
of chimical material at our disposal 1n South Afnica \lmost ey ery do, over
the greater part of the country acquires the infection 1n some form sooner or
later

1 propose to limit my discussion to the partu ular babesioses w¢ have in my
country namely infection with B cams in dogs B bigenna and 5 Borrs m
cattle B cque and B caballs n horses B felis in cats and B frautman n
pies  The pathogenesis of the discase 15 50 stmiar 1n the varous speues that
the deviations from normality m the dog can be applied mitates mautgrygrs for

128
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practical purposes 10 those in the other ammals  There 15 & commen symp-
tomatology which in the majority of cases follons more or less the same pat
tera evemplitied in the dog by fever (10210 102 F ) malaise and hstlessness
memal depression disinchination to move about anoteua of an unusual fusst
ness about certam ttems of food Tl mucosae progressinely tose thesr color
ull they become as pale as nory  Icterus deselops in advanced or neplecied
cases and hemoglobinura is usually 2 sin of peracute Joss of red blood cor
puscles which aecurs wt some <ases  The spleen s enlarged and is usually
found to be pafpable if 115 at all possibie to examine the orpan The feces
are stridangly yedlow an all but very carly or peracute casts and the unne s
genesally welf loaded waith abisubin Debibity 1s progressine and f the dog
{nes fong cnough emanatim may be extreme  Asarule howaver the ammal
ies from orgare Enlure before this stage s reached  In the majenty of cases
the wausal paranies are readly demonstrated e smears made from the penph
eral blood  In chrome miutions the temperature nse may be iregular the
appetate aapncous and the foss of condition a mashed feature of the Mness

The symploms 10 the other susceptible domestic ammals 3re essentially sim
Har

Anylody with estensne evpenence of these discases however 1s forably
struch by the desate and protean manestations of the disease picture st s
encountered from time 1o time  There 1s almost no guise under which the
disease does not masquerade at seme time of another and 1t s therefore no
acadent that the majents of South \ncan velennanass have 2 pronounced
atiachment to thew microscopes

One feels considerable sympaths with Nand: (1949} who prefaces 2 discus
sion on the unpsual mamfestations of malana by savmg  Malina s an arch
smulator and a grest mumic of all diseases  The mufuphoty and duphaty
of the disease cannot be overemphasized

TITHRATLSE

The babesioses haxe been recogmized as such Jor little more thas half 2 cen
tusy and a considerable olume of fterature bas been built up over Lhes prried
with surppangty enough onby few references to atypical symptomatology
Lrench workers were promunest wn the early davs w this field  Xn a short
resten of 2y pueal forms w 192+ Cuwslic and Darraspen queted Nocard (19023
4s remashing that 1 nas freguentdy ol oF even impossible 1o make 2
diagnosis of babessoss Trom blood smears of dogs even on several successne
davs and that he could contirm the eustence of Jabesta onby by means of
subnnoculation nte susceptsble pups

Tarant s 1905 deseribed 26 3cnte 135t with Ve SELRTE TAIYVOUS Sy roptoms
The anmal succumbed wathin 24 bours sth agonal emission of dark brown
urte U nder the mcroscope the presenie of Babesta cams was (onfirmed

€ adeac (19101 ascribed an outbreah of severe uherative herattss in doys
used for huntmng w a swamp m I rance to babeswsts but this opison hched
the support of simar examination  In 1975 ( auchemer descabed an outhseak
of bubesions e the chaal forms  of divers parahses of sphasia and of pul
manary forms  bat { witle and Dasraspen (192/) 1 quotin, s paper do not
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observations of Cheron (1925)  His cascs of babesiosis were completely laching
in mucosal pallor hemoglobinuna, or notable alterations i the appearance of
unne

‘The paper of Cwlle and Darraspen (1927) gives the best account available
to me of atypical forms as observed n France Their diagnostic cntena ap-
pear 1o be entirely satisfactory and their obsenations covered a wide range
Therr atypical forms were seen in the guise of respiratory digestive, nervous
and muscular aberrations which by their intensity mashed the usual symptoms
of B caus infection

to suspicion of babesiosis  Smear examination showed an infection of B caits
Other cases showed pulmonary edema with dyspnea dry cough with fluid and
even bloodstreahed discharge ™ In cases show ing severe symptoms of broncho
pneumoma the temperature was clevated, respirations were dyspnerc and ac
celerated and painful paroxysms of coughing were observed  Detection of
anemia and of bile pigments in the urne led to blood smear examination which
gave a positive diagnosis

The gastrontestinal forms were as confusing as were the respiratory  Some
ammals showed a nise of temperature and sey ere obstipation resistant to both
purgatives and enemas  Other cases appeared 1n the yuise of persistent vomt
g with severe thirst anorevia constipation or diarrhea and some abdomnal
pain  Inall these the diagnosis of babesiosis was arryy ed at by smear exum
nation after the changes in mucous membranes and unine had been noted

Babesiosts was also found to be accompamied by xer ous symptoms begin
ning with some mncoordimation of the hing legs and followed a few hours
later by a more or less complete paraplegia

Rheumatic manifestations such as great tenderness in all the muscular

for babesiosis brought about an immediate Tesponse

Cuille and Darraspen moreover regarded chronic babeviosis as atypical for
the rcason that it was so frequently ditheult 1o diagnose  There were more
or less depression a vareble and capnaous appetite pro,ressie exhaustion
and a loss of condition the mucosal pallor alone 1ving 1 clue (o the real dis
ease The most meticulous smer caaminanon repeated over some days was
necessary to find the parasites always rare 1n number

T esions of the eyes resembling those o urnn,, wn other Drotozoan diseases
such as tovoplasmosis trypanosomiasis ind lesshmaniosis of dogs were also
found Lavier and I ombeure (1922) found 1n a svstemarx examination of 1
dog that had died of acute babesiosis thii thouh the penpherat bl Wl con
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taued few parasites the capidlaries of the retina and aliary body were  post
tnely bulging with parasiized cells  Other cases of theirs showed transitory
Rerautis and intis and 10 one there was a large tnangular opaque  body 1n
the aqueous humor of the Icft eye  In this ltter instance the s and cornea
were not affected

Of South \rican tuthors Parhan (1931) deseribed a very acute case of byl
1ary fever charactenized by ulceratine stomatits  Recovery oceurred com
pletely withm two or thrce days after speafic treatment  Belonje (1944) de
senbed cases shown, pastntis with somiting and ententis that responded
equally well 3\ good case of cerebral” babesiosis has been encountered by
lrean {1950) When presented for esamination a dog an oght month old
cofhie showed a temperature of 106 1 and a heavy mfection of B cams 1n
the blood Ilness had deseloped <uddenly A subcutancous injection of
qumuronium sulphate was given but after a few hours nenous symptoms
resembling those of hystena developed  The dog tended to push his head
under chairs or other objects and whioed incessantly  Control over the hund
quarters was soon lost the anumal trying to get up by raisng the fore quarters
with the head thrown back  Repeated peroral doses of three grains of pento
barbitone (15> grains 1n all) were required to quiet him for a penod of about
tnohours  After each such period however the symptoms returned  Finally
the ammal was treated with phenanuine and placed under deep anesthesia
with intray enous pentobarbutone for 36 hours (00 gratns being used dunng this
peniod)  When full consciou ness returned the cerebral sy mptoms had disap-
peared and recovery was uneventful

Since an carlier report made by Malberbe and Parkin (1921) Brown (1930}
one of our younger vetennarians has collected some useful data while in prac
tke  \nunteresting symptom he describes 1s masseleric myafgaa which causes
0,5 10 scream with patn 1f thesr heads are 1ouched or therr mouths opened
Quute frequently he encountered rhcuntat nd muscular pans w arious other
situations chiefly 1n the legs so that lameness and even paraplegia were promi
nent symproms M5 cerebral cases usually started with excitement and rest
lessness howhing and yapping these manifestations then giving way to mter
muttent fits paresis and sopor VMentality wvision and heaning were usually
impatred and incontinence of feces and urine often accompansed these convul
sive attacks  The temperature vaned from normal to about 10° I and
whether parasites could be found easily or not bile pigments could always be
uemonstrated 1n blood and urnne  Speaific treatment was myvanably followed
by satisfactory response

Another colleague de Boom (1954) recalls a case he treated that resembled
a muld degree of strychmine posomng  This dog had no typical symptoms of
Vabesiosis not even parasites 1 bloed smears but showed poly chromasia in
theblood  Specific treatment directed agaimnst presumed babessas was followed
by immediate recovery

Babesiasis of Cattle

In 1 recent report Zloimk (1953) has described  cercbral forms in about
15 cattle of all ages in \yasaland 1n Fast Afnica  The disease 1n most cases
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was of sudden onset a temperature of 106 to 107° F being recorded within a
few hours  There were grinding of the teeth complete loss of appetite anda
staggenng gait the cons gong down with their heads twisted to one side or
standing with their foreheads pressed ajamnst a wall  Visible mucosae were
often 1njected and occasionally jaundiced Urine was usually not discolored
eacept possibly Just before death  The post mortem examunation was reminss
cent of heartwater a nichettsial disease  Smears from the penpheral blood
and from the spleen only rarely showed B ligemina Bramn smears showed
capillanies with swollen endothelial cells and numerous red blood corpuscles
nearly all parasitized with B tigenana Coudria rim inanitum colomes indica
trve of heartwater were 1n no case found n the endothelial cells  he response
to specific treatment was usually not very good Blood changes were not
much m evidence so that the writer concluded that the parasites accumulate
and multiply 10 the cerebral capillanies only and that the symptoms were due
mainly to the Jocal mechanical and toxic effects produced by them

Babesiosis of Horses

I am indebted to Tarr (1925) for a description of some cases of babesiosis
m four to five month old foals dunng January our midsummer Tarr was
called 1n because the foals were behaving most peculiarly  They would place
their heads between their forelegs with the frontal surface on the ground as i
they were contemplating standing on their heads  Now and again they would
overbalance They were restless and nervous walked 1n crrcles a great deal
with considerable mcoordination and often pushed agamnst stable walls and
agamst their dams  Frequently they would nuzzle the dam as though to such
but never actually took milk  The temperature went up to 106° F and the
pulserate toover 80 The mucous membranes were s ery injected and petechial
hemorrhages were present Blood smears showed the presence of B caballs
not the more usual B equz as mostly seen m adult horses Treatment with
trypan blue solution intravenously was followed by complete chinical recovery
within 12 hours

Babesia trautmanni Infection 1n Pigs
The onnal diagnosis of babesiosis 1n pigs by the Russians kowalewsht and
Demetjew 10 1911 was made 1n pigs showing febrle reactions assogated with
gastric disturbance the latter not a typual feature of babesiosis 1 general
Cerruti (1938) 1n a study of the disease described fever hemoglobnuna jaun
dice and anemua conforming with the usual picture  In a recent report Taw
rence and Shone (1922) of Rhodesia Jescnibed apart from the usual sy mptoms
the frequent occurrence of abortion in <ows suffening from the disease In all
probability this comphication can be awribed rather to the fever than to any
orgamc changes in the anmmals  These investigators id not observe 1cterus
in any of their cases  The demonstraticn of parasites 1 smears from the af

fected ammals apparently did not produce any dithculties

Icline Babesias

Brown (1923) in his report descnibed fairly  normal symptoms notably
anemia and icterus but found that tempcratures in his few cases were not
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elevated At Onderstepoort we have found hittle more than malaise some
tmes with evidence of dirrhea

Earlicr reports published by Jachson and Dunning (193/) and by McNal
(1934) described symptomatology conforming closely to the standard pattern

Anuicat Torus Stunted At ONpERSTELOORT CRiTERIA OF Diacnosts

The mere £ nding, of parasites in the blood of a sich dog, does not necessanly
mean that all the symptoms shown are due to babesiosis  There may be 1
concurrent discise present or <ince immumty m this disease 1s not sterile
any acute attack of febnle disease or severe orgamc disease nught provohe an
exacerbation of the labile B cans infection <o that the two discases may then
exist sude by side  Voreover submoculation of biood nto susceptible pups
would provide no proof of active mfcction s the pups would usually become
mfected of the patient were in a state of premumtion

Tor practical purposes the atypical cases have 10 be evaluated on the basis
of their response to speuitic therapy therapy that would have no other effect
than to hill babesias  This response must be rapid and complete and the
ammal must recover without any supportive treatment aimed at the particular
atypical symptoms present  Diagnosis or at least a presumptive diagnosis of
babesig infection 1s of (ourse desirable m all these cases  The diagnosis 1s
regardcd as detimite af there are parasites to e found and if specinie treatment
15 followed by a further course of events which from eapenence we regard as
the normal one A presumptive diagnosis 1s usually made from the presence
of tucreased amounts of indirectly  reacting bilirubin in the serum van den
Bergh test in the absence of trauma or evidence of hemorrhage—in the case of
dogs and cattle—of any indirect bihirubin  T'rom experience 100 we regard
certain features of the chnial and laboratory examination as 1n a degree sus
picious eg plenomegaly increased bleeding time anemic bloed fgures and

erythrecyte ed: where the e cannot Le otherw) ¢ ex

planed

The specific drugs referred to above and mostly used are phenamidine the
quinuromum sulphate group and occasionally trypan blue

Cuille and Darraspen (192) tested the cases they descnibed by 1ntravenous
jection of trypan blue and they correctly stress the importance of a thorough
examination 1n order 1if possible to mahe a diaghosis

In rare cases where specitic treatment 1s applied late the conirmation by
rapid response to specihic treatment may fail on account of the development of
secondary changes eg 1nsutficiency of the Iner or hidneys or both or the
presence of concurrent disease such nichettsiosis or severe worm infestation
For the purpose of this study however such cases are not included as they
would tend to cloud the 1ssue

TiE SySTEM INCIDFNCE OF ( ASES STUDIED

For convemence the cases studied at Onderstepoort are described according
to the systems with which the main symptoms were found 1o be associated
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Respiralory System

Dogs are occasionally presented at the Onderstepoort small anmmal chime
showing what appears to be pneumonia Dy spnea 1s a very promunent symp-
tom the pulse 1s small and weak and there 1s an elevation of temperature
Percussion and auscultation however reveal no evidence of pneumoma On
further examination the mucous membranes are found to be pale and blood
smear examination reveals the cause of the disease to be babesiosis  Anemua,
together with myocardial weakness could provide the explanation for the
dyspnea

Disease pictures due 10 B cams infection, varying from simple catarrhs to
that of typical respiratory distemper have been seen with such frequency that
1t has long since become the established practice at Onderstepoort 1n these
cases 1o examune blood smears and 1n many cases also the unme  The lungs
may or may not be mvolved in the mflammatory process but the response to
specific therapy 1s quite stnking  The symptoms as a rule disappear faitly
rapudly without any supportive treatment Obwviously if the correct etiology
13 not reconized and the speaific therapy 1s not employed treatment of these
cases would be foredoomed to failure

Circulatory System

Rather remarbably 1 view of the frequency with which they are encountered
at Onderstepoort cases of severe circulatory deran,ements as faras Iamaware
have never been described in the literature  The derangements are shown as
edemas of the subcutts accumulations of transudate 1n the body cavities (no
tably asaites) and purpuric lesions

Iscites cases  These present a charactenistic picture in which abdomnal
distention 15 usually but not imvanably coupled with advanced emauation
The subjects are usually balf _rown pups or young doys seldom more than one
yearold  In some cases severe subcutaneous edema of the ventral abdominal
re lon often giving the impression of skin transparency accompanes the ex
treme distention of the penitoneal cavity

On admussion these dogs usually have verv pale mucous membranes normal
or deaidedly subnormal temperatures (about 96 to 9, I ) and blood smears
may or may not show the presence of parasites  On occasion many hours
have been spent on examining blood smears from such dogs and not a single
paraste has been found at any stage of the exammation  All these cases in
the unme examunation show the presence of bilirubin which 1s found to be
dernved from the ndirect type 1 the plasma by the van den Bergh diazo
test On such strong presumptive evidence these ammals are treated specifi
cally for babesiosss  They are not subjected 1o paracentesis howcy er desirable
this procedure may seem 1t bas repeatedly been shown that 1his 1s unneces
sary and 1n fact paracentesis 15 regarde | as contraindicated on account of
the danger of the development of extensive subcutancous edema from direct
escape of fluad through the puncture tract and because of the danger of cardiac
collapse  The results obtaned from spe wie treatment are strthing The
temperature nises 1o the normal range within 24 hours  Lhe pentoneal tran
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sudate 1s rapidly reabsorbed this process being accompanied by polvuna and
low unnary peafic gravity  The disappearance of lud 1s complete after 7
10 12 days and the speaitic gravity of the unne returns to a normal tigure in
the same time The wmprovement in climcal appearance due to decreasing,
\| 15 Act by a daily drop 1n weight  This de

crease continues Ll the process is complete  The weight then remams static
for two or three days after which normal weight ncrease takes place with the
1mprovement 1n body condition

“Many of these cases are complicated by more or less severe ancy lostomasis
which 15 not treated unul the asutic flud has enurely disappeared  The pres-
ence of hookworm infestation can therefore be presumed to have no direct
beaning on the pathogenesis of ascites  Moreover a number of casés of uscites
hayve occurred in animals free from worms

Other edemas  Some years ago an outbreak of morbudity and mortality m
a group of greyhounds was imvestigated  The condition was charactenzed i
a number of these animals by edemas of varying distnbution  These swellings
however were mostly associated with the scrotum and had a chnical appear
ance suggestine of hydrocele  Simultaneously some of the dogs showed ar
cumscnbed edema 1n other parts eg  the face and joints  Examination of
blood smears showed the presence of B cams  Speuhc treatment brought
about the disappearance of edema in 48 hours with an improvement already
evident 1n 24 hours

1In recent years edemas in ca.es of babesiosis have come to be regarded as a
not unusual symptom  An interesting obsersation s that these lesions show
©o particular tendency to be disposed symmetncally  Edemas have been noted
i oluing one of both ears a single Jont a line along one mandibular ramus
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the pengrintal regron the hips and the whole head  In soun, pups edema
of the penorbital regron and of the whole face have also been obseryed in asso
ation with ascites

1 e pura kemorriagica  Mudh less frequently than in the ascites cases dogs
ate encountered that show the dimcal prure of purpuca Tu this form oo
no reference has been found i the literature  Hemorrhagcs vary i, from n
point petectuae 10 ecchymotic patches up 10 3or 4 cm i dwamerer (with 1t
repular outl ne) are seen wnvolung the lery the ins the buccal or _mgnal
mmcous membranes and usually the shitt ¢ f the abdominal wall on ather side
of the prepuce and tle shin on the inside <5 ahe thighs  Some of the cases
void red URNE ON OCCASION Contalung Blosd Ongula Smitar clots have been
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gbserved in foces mdianng hemorthage inte the posteror boaet and also m
the mouth {from gingnat bleeding

The temperature may or may not be elevated and blood smears may or may
not show parasites  The course has been found 1o bevery vanable from acute
duease 10 ll-defined chrony malarse  [he response to <pectfic therapy 1s as
sausfactory as i the typual disease  Fxtravasations disappear progressively
owtr a few days the ime depending an the extent and degree of hemorrhage
and thus ss accompanied by 3 recutt of appetite and inproved habitus

One case of this 1ype dog DOB 649 aped tvo yeas had been treated for
suspected tonsalitis with penallin and chlortetracychtne hut had shown no
wnprovement and was off its feed 1akang only a hittle milh The owner com
plained that the dog had been bemorrhaging Srom the mouth  Thas was stall
mevidence  Laamnation rescated the 1onss 10 be of normal size but they
resembled blaed cdots  The abdomen was tense and could not satisfactondy
be palpated  The temperature was normal and blood smears nepatne

Urine esammunanion shiwed the folloning the color  opaque dirty teen
o 104 pH 3> albumen 444 Sheftels test for suar negatne
Rothera 5 mtroprosside test for hetone bodies ne ative bibrubin + 44~ The
weninfuced deposit conusted of blood elerments and amorphous matenaf
There was no evidentce of wdammaton changes s the hidneys or unnary tract
Spectr s«opac exzmunation showed the absarprion bands of bemogloin  The
impression gaed was that whole biood had been added to the unne by hemor
sha.e somen here 1o the unnary tract Thusfact Loupled wath the bemorshag
mg tonsls nspired closer exammation of the visible mucous wembranes and
shin - Latensnve ecchy moses were found i the shan of the abdomen neas the
prepuce and the mnside of the thaghs A diagnosss of purpura was now in order
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Two days after admssion the two hind legs the night foreleg, and the scro
tum were found to be edematous

Blood examination revealed a red cell count of 4 56 mijhon per cmm  white
cell count, 11 600 per ¢ mm , hematocrit 32 per cent, hemoglobin 9 15> gm
per 100 ml , nonprotem nitrogen 49 mg per 100 ml plasma van den Bergh
reaction mdirect ++ durect trace  The plasma examined spectroscopically
shoned the presence of hemoglobin  There were therefore anemia, hemoglo
binemia and evidence of a hemoly tic process

A presumptive diagnosis of hemorrhagic purpura due to B cams infection
was then made and the dog was treated by subcutaneous injection of phenami
dine (B Vet C) 04 cc of > per cent solution per hilo

Unne was examined daily and within a weeh bile pigments hemoglobin
blood and albumen had disappeared and the speaific gravity had returned to
normal  Blood exammation showed a shght improvement in the anemia, al
ways the slowest part of comvalescence in uncomplicated babesiosis and the
van den Bergh test showed only the famntest trace of indirect bilirubin  The
tonsils now were of a healthy color and normal size while the purpunic lesions
had all been absorbed The edema of the legs and scrotum needed but four
days after treatment to disappear completely The dog s mterest 1n food re
vived rapidly and, after a further 10 days’ observation the amimal was dis
charged fit

Nerious Sysiem

The cases 1 which the ner ous system was involved were representative of
lesions of both the central nervous system and the peripheral nerves

Symptomatology ndicating mvolvement of the central nertous sy stem was
shown 1 the following cases

(1) A dog while walhing showed a peculiar action of the front imbs which
were hept extended when moved forwards and were swung rather vigorously
from the ground position through a large arc forwards and upwards toward
the chin after which they were returned sharply to the ofound The effect
produced resembled 2 parade or goose step The blood smears were
positnee for B conss and the only treatment mstituted was a specific one for
babesiosis  The locomotor symptoms disappeared rapidly  and the ammal
subsequently remamed climically healthy

(2) A dachshund was admitted with a history of #its of recent onset
These were spaced at short intenvals (several being observed dunng the after
noon of admission) and left the dog exhausted  No parasites were found 1n
the blood smears  The patient died the same might  Histopathological exam
1nation of the hippocampus of the brain showed capiltanes ughtly packed with
parasitized ery throcy tes

(3) A Dalmatian bitch had been treated for babesious on three successive
days by her owner The doses of the speat drug used had been nadequate
and when the dog was admutted on the fourth day blood smears were syl
positine Tn addition to the usual symptom ot the disease the animal ~howed
rhy thmic backhward and forward synchronous mn cments of hoth cars a 4 rate
of two per three seconds  On the fourth du fler wlequate treatment the
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movements stopped whenever the dog s attention was distracted  The next
day the movements were less marhad and were obsenved only now and agan
By the erghth day they had completely disappeared

Peripheral nerie lesions were obsened in one case that was interesting be
cause of the reappearance of the onginal nenve symptoms when the angmal
relapsed to babesiosis  The dog a 6 5 year-old Rottweiler trained as a police
dog had recovered from B canis infection six months prior to sts admission
It then chowed weakness and suffness of the hindquarters  Blood smears
were positne for babesious and speanic treatment brought about recovery
with disappearance of alt symptoms  bhortly afternards it relapsed, and then
a stnbing symptom was the dragging of 1ts nght hind leg with the dorsum of
the toes 1n contact with the ground  Blood smears were again positive and
speainic treatment resulted in the disappearance of the leg symptom  \ second
relapse followed with reappearance of the same paralysis in the nght hind leg
but this ume speaific treatment was not folloned by a further relapse and yet
did not bring about disappearance of the gait symptoms  After autopsy six
months later dunng which penod these symptoms had persisted a histopatho-
logical examnation of the rght scatic nen e showed evidence of severe degen
eralive changes

Digestire Syslem

This system 10 typical babesiosis 1s affected to some extent tn that a vary
ing degree of constipation 15 present in the majonity of cases  The symptom
can therefore not Le regarded as atypual  Cases of gastnitis with vomiting
and abdonunal pain however are occasionally found to be due to nfection
with B camss One case had been under treatment for a week for gastnus
without showing any improvement at all  Its condition had in fact deteno-
rated progressinely  On admission to the Onderstepoort Veterinary Labora
tory examtnation of blood smears showed B camis to be present and speafic
therapy was msututed  No attempt was made to treat the gastritis yet in 48
hours recosery was complete

In this connection mention should 1lso be made of gastntis and entents as
a result of uremm supeneming as a complication of babesiosis It has fre
quently been found that this disease directly affects by intovication both the
Kidneys and the Iner If a patient already near the border line of hidney
decompensation contracts the disease the additional load would readily pro-
vide the fast stran with consequent renal or hepatic failure

Discesston

The usual symptomatology produced by the varous species of Babesia 1s
very sumular 1n the different <pecies of domestic ammals It 1s clear from the
evidence here assembled that the aberrant manifestations also fall mto a sun;
far pattern of forms 1In a discussion of the pathogenesis of these atypical
isease pictures 1t now appears profitable after considering the mechansems
by which these could be brought about to relate to these the known facts
pertaining to babesiosis 1n order to amve at conclusions as to which mecha
nisms are hhely to be operative m the sanous instances
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It 1s a well hnown pathological sequence for instance that interference with
the blood supply of an orpan or any portion of an organ leads to fissue anoxia
which will result 1 modification or loss of function of that organ or portion
The degree of loss of function would be determined by the degree of disruption
or interference

hnisely and his coworkers (1947) 1n a senes of studies of capillary arcula
tion 1n normal and diseased patients noted the existence of what they termed
the sludging’ phenomenon 1n diseases of widely varying etiology This
intravascular agglutination or  sludging  of bload cells in capillanes however
has been obscrved on many occasions mn infections with varnous protozoa
Fauley (1946) eg 1n a textbook description of malana mentions & number
of mamfestations classified as acute pernicious malana which are mamly
dependent on internal sporulation and localized blockage of the capillanes by
P falcaparumn different organs such as the bramn heart intestines and spleen
by parasitized corpuscles which adhere to one another and to the capiilary
epithelum ’  He holds tlus fact responsible for the diverse symptomatolog)
of malgnant tertian malana

Van Rooyen (1952) quotes other authors including Manson Bahsr who
states  Bloching of the capillaties of the bram by the red blood cells contan
1ng, parasites 15 the chief cause of cerebral symptoms  Jewel and hauntze
similarly mention sudden blockin,, of the cercbral vessels by red blood
cells containing subtertian parasites and 1f not recovered from speedity may
lead 1f Life 1s prolonged sufficiently 10 necrosis of the portion of the brain sery ed
by the occluded vessels  while Dubois and van den Bergh wiite in their test
book that fatal cases have been reported where cerebral capillanes onlv con
tatned parasites

Talbot ef al (1949) demonstrated elcctroencephalographically the ineidence
of epileptic (grand mal ty pe) seizures 1 soldiers with tropical ty pes of recurrent
malaria  Some of these changes were reversible with energetic antimalanal
treatment but 1n some patients the damage was permanent  Talbot and his
associates concluded that chronic recurrent malana must be considered n the
differential diagnosis of convulsive scizures

Maegraith (1948) 15 another author who i lus studies of pathological proc
esses 1 malara and blackwater fcver has made similar observations  The
subjective sude of the sy mptomatology of certbral malana is interestin, He
describes  odd behaviour confusion passing o acute delirum with hallua
nations accompamed by violence  The patient complains of increasing head
ache and becomes drowsy or restless and depressed  He continues into coma
slowly and progressively One can casihy imagine the estence of simalar feel
1ngs 1n the ammal cases

Clark (1918) drew attention to agplomer thons of parasitized o)y in the
capiilanes of the bram n cattle affected by B {egening mfection 1 § apama
He nearly alnays found them more easilh 10 pref arations from the brain than
from elsewhere  The drawings 1n Zlotmh » (1933) artle illustrate such ay,
glomerations 10 brain ve sels  In canme babesiosis Tavier and Tombeure
(1972) found the retnal and ahary body apihines to b bulging,  with cells
contazning the causatine parasite Heavy parasitizatin of clumped crythro
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cytes n bramn capillanes in both canine and bovine babesiosis have been ob
senved on a number of accasions by Clark and Parkin (1942) \alherbe (1944)
and de Boom (1935) all of Onderstepoort in cascs where smears made from
penpheral blood of the same ammals had shown rare ur no parasites  In these
cases bran derangements had been much m evidence the dogs symptoms
taking, the formof fits 1nd the chintcal features of the cattle resembling those
of heartwater a disease usually howing incoordination some loss of equilib
num and pronounced hyperesthe 1a \ case described by ierey (1947) died
quite suddenly without showing any warming symptoms and 1 this case
numerous pirasites and hemorrhages were found in the brain 1 urchase (194/)
reported also from Last Afria that i tive vears he had diagnosed three cases
of what he called  cercbral babesiosis 10 dogs from pathological sections exam
wed for rakies  Another case a dog, that he could exammne chinically was
comatose though sull having a temperature of 102 1 Parasites were difit
cult to find 1 ordinary smears but were numerous 1n the bran after death
They were mostly extracellular filling the lumen of capillanes and small ar
tenoles the distribution in the bran bemg very uneven

Cuille and Darra pen (1924) also stressed 1 their review the réle of what
they called parasitic embol trapped 1n the capillaries 1n the symptomatology
of atypical babesiosis  Brumpt (1919) also referred to  parasitic embols but
regarded them 1 the light of being the main seats of multiplication of the
parasites

The views on path ongmally exp d by Malherbe and Parkin 12
1951 have recened ample support 1n the pathological studies of Gilles and
Maegraith (1954)  In therr laboratory induced cases the latter imvestigators
did not see actual cases of cerebral babesiosis but in the hustological exam
nation of the brain they noted small vessels bloched with massivc accumula
tions of parasitized cells and frce parasites They remarked also on the tend
ency of parasitized cells 10 layer themselves along the endothelium of the
blood v essels as seen in falerparum malana  The endothehal cells of the smaller
vessels throughout the brain suk frequently showed signs of degeneratine
change being swollen and occasionally granular and fatty  Pennvascular es
cape of ervthrocytes leading to macroscopic hemorrhage occurred  These
authors incriminated the basic disturbance gving nise to stasis or impedance
of the capillary flow as one by which fluid escaping through abnormally per
meable 1 essel walls would leave the ery throcy tes concentrated and compressed
Tissue damage from anosia and the accumulation of toxic metabolic products
resulting from such stasis would thus readily account for the sy mptomatology
that has been descnbed

On this evidence 1t could be expected that a vanety of organs and tissues
would show deviations from their normal functioming,  The relatn e or absolute
anemia of organs resulting from such capillary bloching could quite concenn
ably open the way to imvasion by vanous viruses and bactena resulting in
symptoms apparently untelated to those of babesiosis  The rapid response to
speaific babesiosis therapy a treatment known to be ineffectn e 1n the secondary
conditions would support the incnmination of B cants as the smportant etio
logical agent
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Ihe whole explanation for cdema and asaites 1n babesiosis cannot be found
mn any single mechansm or change m the body  The most important common
factor is the lowering, of serum protem level particularly that of serum albumin
In human medicine ascites dey elops frequently in both acute and chrome Iver
disease  Weir (194¢) states that portal hypertension long considered as the
most important causative faclor cannot be demonstrated in all cases and he
lists other important influences as lowenng of the serum proteins dispropor
tionate decrease in the serum colloid osmotie pressure dietary factors disturb
ance of the 1bility of the liver to handle water and altered permeabihity of the
capillanes

babesta infections are responsible 1n fact for marked parenchymatous m
volvement of the Iner  Since the earliest days this has been more than ev1
dent from the wealth of clinical and pathological matertal available at Onder
stepoort  Gilles Macgraith and  Andrews (1933) have shetched the
development of the Iner damage from the early dammuny, of blood n the sinus
ods around the central vein through stages of centnlobular atrophy and
degeneration of the hepatic cells to necrosis with disintegration and disappear
ance of these cells  In order of seventy the damage extended from the area
around the central vein to the mudzone and lastly encroached upon the penph
eralzone  Ficure 4illusirates such damage  Maegraith (1948) has descnibed
stnctly comparable lesions in malana

Among the results of this Iver damage there 1s disturbance of the proten
regulating function of the organ  There 1s a large amount of evidence of this
from chemical and electrophoretic studies which show a reduction of serum al
bumin to very low levels (Marrack and Hoch 1949) thus paving the way for
the development of edemas 1 1CURE > showsthe ty pical pattern from a case of
bab descnbed 1n an el ph study by Polson and Malherbe (1952)
The ch lly d A figures n one well-developed case with ascites as
the prominent symptom were 3 64 gm per 100 ml for total plasma protemn
withalbumin at 0 84 gm per 100 ml and an albumin globulin ratio of 0 33 com
pared with normal valuesof about 6to 7 3to4 5 andover 1 respectively Par
asites were demonstrated yn this case and speaific treatment was followed by
disappearance of ascites without any other treatment 1n less than two weeks
with comncident rise in the albumin and hence 1n the other values

\scites from portal hy pertension and chronic I er disease can and does occur
particularly in older dogs as well as it does in humans but 1t 1s quite unlikely
to play any sigmificant role in babesioticasates  The mam ctiological mecha
misms eperating with the hypoproteinemia appear to be the associated anemia
general toxemia produced by the parasites in the blood and a relative myocar
dial nsuthaiency

The kidneys too are deeplv involied o the chinical pathology of babesiosis

In dogs 1t 15 frequently observed that 1f hidneys are near the borderhne of de
compensation a Babesia nfection will precipitate complete hidney failure and
hence uremia  Cilles and Maegraith (1954) concluded from their study of this
aspect that there was hidney damage with unnary suppression of the same
type as in blackwater and which can thus be classified within the wide group of
Tenal anoxic states
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seconds  Capilhry fragility from touc changes 1o the endothelial cells has
Leen deseribed by Cilles and Macgranth (1923)  1or pracucal purposes we
have come to regard nearly all purpuras in dogs as duce to B canrs infection
Sumilar lesions are seen in the other domestic ammals

Macgranth (1948) describes what he calls dysentenc permaous milana
charactenzed by the passage of frequent stools consistin,, mainly of blood mu
cus and epithehal and cellular debns There 1s tenesmus colichy 1bdomunal
pain and tenderness of the abdomen particularly along the line of the colon
Ihere may be nauser and vomitin,  The condition 1n fact 15 indistinguish
able from acute baaillary dysentery  Macgraith s photomicrograph of a sec
tion of stomach in a case of folcrparim malana shows intense accumulation of
parasitized erythrocy s in capillanes

s one thus continues the study of atvucal forms of babesiosis 1n dogs and
horses and cattle and then compares with them the published obsenvations of
symptomatic aberrations of malania the similanty of pathology and of clinical
pathology 15 1nescapable and 1t becomes obvious that 1n pite of the differences
10 the Ife cycle of the parasites their effect on the body 15 capable of exactly
sunilar potentiahities
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In ammals there 15 ittle 1f any tendency to the formation of the nephrotic
type of edema so well known in humans The explanation for the notably
asymmetrical edemas 1n babesiosis must be sought rather in localized stasis
or blochage of the small artenoles and capillanes evisting with or operating
conjunction with usual causes of edema 1n disease namely increase 1 capil
lary pressure reduction of protein osmotic pressure of the blood and toic or
anoxemic alteration 1n the permeability of the capillary wall These are all
potentially present 1n babesiosis

1In lungs there s the same tendency 1o dilatation and congestion of the alve
olar capillaries  Edema 1s quite a usual terminal event

Purpura or a tendency to hemorrhage has been associated 1n the past as
far as ammals are concerned with bacterial infections In malaria however
this symptom 15 well known  Shrager and Keen (1946) have described such
cases and Tairley {1946) 1n his sy stematic description quoted above lists pur
punc shin eruptions epistauis hematemesis hemopty<is melena hematuna
and vaginal hemorrhages as symptoms encountered 1n malana from time to
tume  Comparable lesions occur in Babes:a infections where we have the fol
lowing circumstances favoring the development of purpura 1n some cases  The
bleeding time 15 prolonged  Bleeding Stomorys bites on the ears of affected
dogs 15 observed almost daily  The one sta,e prothrombin time test of Quich
shows values increased from a normal 11 to 12 seconds to 1> to 20
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IREAIMENT AND CONTROI O1 BABESIOSIS

Bv ] Carmich el*
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Intrduchon

‘The efficient control of any discase depends on a sound hnowled, e of 1ts nat
ural hustory which means ¢ study of its etwlogy the source of infection and
method of {ransmussion  In the casc of babesiosis we hnow transmission 1s by
ticks belonging to the family Ivodidae It 1s es.ential therefore 10 have a
<ound hnowledge of the ecology and Iife cy<le of the vanious genera of ticks con
cerned for logically contrel 19 attamed by breahing a hok in the etiological
chain of the disease  \lethods of control in a discase of the blood transmitted
by ticks can be directed at the intermediate host and/or at the vertebrate pa
tient whichis the ulimate hostof the parasite  1f the first method 15 successful
the disease 15 prevented and the necessity for directing measures Lo the final
host does not anise  This desirable state of affairs has been reached 1n many
countraes of the world where babesiosis exists

Treatment and control therefore can be cony emiently dealt with under a num
ber of headings commencing with the disease 1n the vertebrate host and work
g backwards to the tick (1) drug treatment 1nacluding speaific chemotherapy
symptomauc therapy and clinical care such as nursing and dietetic treatment
(2) premunition and (3) prevention including tick control and husbandry

Spectfic Chemoltherapy

Generally speaking the Babesia have responded better to chemotherapy than
most of the Haemospondia affecting domestic amimals and of these the
larger Babesia such as B camts B caballt and B bigemins 1n my expenence
respond to specitic drug therapy rather better than the smaller vaneties such
as B gibsomt B equr and B botss  The classual work of Nuttall and Hadwen
(1909) led to the discovery of trypan blue the first eficctne therapeutic agent
discovered  Trypan biue held the field 1n the treatment of babesiosis for many
years  Thedye1s usuaily ginen m a 1 or 2 per cent solution and preferably 1s
mjected intravenously  Subcutaneously 1t may gine nse to stenle abceess for
mation  The tissues are stained blue and recovery 1s rather slow  \everthe
less teypan blue 15 still used 1n the treatment of babesiosis 1n some parts of the
world e pecially 1n B cams infections and also to some exteat i cattle In
this connection 1t 1s interesting to recall that \eitz and Steyn (194/) showed

that B gibsons 1s completely refractory to trypan blue

The acnidine dyes were later introduced by Sergent Donatien 1anot and
Lestoquard in Algena and Tn pflavine or euflavine 1s used quite extensively in
equine babesiosis especially 1n B egus infections i South Africa It 1s ad
mimstered intravenoush i a 2 to 5 per cent concentration and may be com
tined with quimine hydrobromide 1n doses of about > grams given intramuscu
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TREAIMENT WD COVIROID O@ BABLSIOSIS

By J Carmichacl*
Late C 1 neal ¥ clerinary Sersrce L ganda tfrica

Introduction

The cfficient control of any divease depends on a sound knowledye of its nat
ural history which means a study of its etiology the source of infection and
method of transmussion  In the case of babesios1  we know transmission is by
ticks belonging to the famly Inodidac It 1s essential therefore to have a
sound hnowledge of the ecology and hife ¢y cle of the vanous genera of ticks con
cerned for logically control 1s attamed by breahing a link 10 the etiological
chain of the disease  Mecthods of control 1 a disease of the blood transmitted
by tichs can be directed at the intermediate host and/or at the vertebrate pa
tientwhichisthe ultimate hostof the parasite  If the first method 18 successful
the discase 15 prevented and the necessity for directing measures to the tinal
host does not anise  This desirable state of affairs has been reached 1 many
countnies of the world where babesiosis evsts

Treatment and control therefore can be cony entently dealt with under a num
ber of headings commencing with the disease 1n the vertebrate host and work
ing backwards to the tick (1) drug treatment 1ncluding specific chemotherapy
symptomatic therapy and chinical care such as nursing and dietetic treatment
() premumtion and (3) prevention including tick control and husbandry

Specific Chemotherapy

Generally speaking the Babesta have responded better to chemotherapy than
most of the Haemospondia affecting domestic ammals and of these the
larger Babes:a suchas B canis B caballi and B bigemng 1n my expenence
respond to specific drug therapy rather better than the smaller vaneties such
as B gibsont B equ and B bous  The classical work of Nuttall and Hadwen
(1909} led 1o the discovery of trypan blue the first effective therapeutic agent
discovered  Trypan blue held the field in the treatment of babesiosis for many
years Thedyess usually given ina 1 or 2 percent solution and preferably 15
injected mtravenously  Subcutaneously 1t may gie mise to stenle abeess for
mation  The tissues are stained blue and recoverv s rather slow  Neverthe
less trypan blue 1s still used in the treatment of babesios:s 1n some parts of the
world especially 1n B cams infections and also to some extent n cattle In
this connection it 18 interesting to recall that Nutz and Steyn (1947) showed
that B gbsont 1s completely refractory to trypan blue
The acndine dyes were later introduced by Serpent Donatien Panot and
Lestoquard 1 Mgeria and Trypilavine or euflavine 15 used quite extensively n
equine babeswosis especally 1 B egur infections 1n South Africa It s ad
mimstered 1ntravenously 1n a 2 10 > per cent concentration and may be com
bined with quimne hydrobromde in doses of about 5 grams given mtramuscu
Pt B ddB FmO, L Fa d
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larly Trypflavine 1s also used to some extent in cattle, especially mn North
Africa for the treatment of babesiosis and thesleriasis
\lore recently the quinolsl preparations were mtroduced and acapnn was
synthetcally prepared by Schonhaefer and Henecha and 1ts value as a thera
peutic agent for B cams was determined by haikuth (1935) Unbke trypan
blue and tryptlavine Jarge doses were found to cause not only clinical recovery
but also parasitological stenhity of the ammal  On the other hand when sial
ler doses were admmstered the recovery was generally associated with re
tention of the parasttes in the system of the animal (hshuth 1938) and witha
state of premumtion
I published results of treatment of camne babesiosis carned out in Uganda
n 1934 (Carmichael 1935) and pointed out that while acapnn proved to bea
very useful drug and superior to trypan blue 1t was marhedly tonic and that
the margin between the poisonous and the effective dose was small  Often
there was quite a severe reaction following the 1njection of acapnn consisting
of motor restlessness salination vomiting defecation and perhaps collapse
These symptoms were sometimes alarming but, as a rule, soon passed off 1
found that the dose could be repeated after 24 hours with no il effects but aiter
a month such increased sensitivity scems to develop that an ordinary thera
peutic dose might be toaic - Nevertheless the quinolyl preparations since then
have proved the most popular form of treatment of babesiosis in all ammals 1
every part of the world and they maintain that position today
Lourie and Yorke (1939) investigated the action of the aromatic diamidines
10 B camis infections and found most of the compounds they examined had a
definite action agamnst Bubesta infections in puppies
Adler and Tehernomoretz (1940) working wn Palestine found that the b
amudino stilbene was effective a amnst B bigemina 1n calves but had no effect
against anaplasmal or theilenal infections 1n doses of 2 mg to 4 mg per hlo
Daubney and Hudson (1941) reported on 16 chmcal cases in dogs of B canis
infections and 2 cases of B caballiin horses  Lhey came to the conclusion that
the dramdino stilbene cured the infections  The relapse rate was low but
there were a senes of reactions following the admuustration of the drug that
were undesirable  These reactions consisted of hvperesthesia  restlessness
swelling of the face and hips and difficulty w breathing,  In horses the reaction
was so severe that 1t was deemed unsuitable for this ammal 1o spute of the fact
(hat 1t cleared the babesia nfection
Carmichael and Fiennes (1941) reported on 116 unselected cases of B cams
\nfections in dogs treated with diamdino diphenoxy propane i a single dose of
>mg per Jalo or 25 mg per kilo given subcutancously on two successine days
The results were very sausfactory and therc were only 10 relapses and 4 deaths
while the drug showcd no signs of touicity 1t these levels
1 ater Carmuchael (1942) 1nv estigated the action of diamidino dipheny i ether
10 canine babesiosis 10 25 unselected cases with completely satisfactory resulis
10 that there was 100 per cent cure with no toxic reactions and no re
fapses. This compound later marketed under the name of phenamudine has
been in general use 10 babesosis of all animals with mamly satisfactory results
\s15 common with all the diarmdines subcutancous inoculation of voncentrated
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solutions may prove intating and occasionally an allergic type of reaction
conaisting of a transitory swelling of the face and hps may occur but this s not
common

The only ether aromatic hiamidine of importance 1s the diamudine diphenovy
pentane known as pentamudine or Lomidine  I'is 1s much favored by the
Trenchin North \frican the treatment of babesiosisinail ammals  kecently
m Great Britain 1t has been used with success in B botzs infections

Finally as far asdrug treatment 1s concerned the recently mlmduced bereml
{Hoechst) should be mentioned  This D d1s4 4d i}
benzene diaceturate and 15 said to be effectine aganst babesia infections of all
ammals

Summanzing the chemotherapy of babesiosis I thank it can be said that the
quinoly] preparations hold pride of plice at the present time along, with the
aromatc diamidines and the flavines in that order  1rom the purely eapent
mental point of view B rodhans of mice should be hept tn mind as a possible
laboratory test organism for future compounds (Beveridge 1923)

As regards further methods of treatment of babesiosis Paludaine has been
used with some success i B gibsosnt infectsons 1 Ceylon (Senevirante 1953)
but novarsenobillon given intravenously 1s probably more etficient (M enkata
narusy 1945)

Antibiotics do not appear 1o have been used to any great extent but Jansen
(1923) afier experiments with Aureomy cin1n splenectomized donkeys in South
Afnca considers that a field tnal using 2 5 mg per kilo should be made  Jan
sen found that Aureomycn had a definite parasiticidal effect 1n B equi infec
tons

Symptomalic Treatment

This 3s secondary to specific therapy but 1s nevertheless important and good
nursing with an adequate diet of a laxative character together with comfortable
housing where practicable are essential features 10 the treatment of babesiosis
Details of course will depend on the species of ammal and the circumstances
of the case  In general symptomatic treatment should be directed to improv
g the anema and relieving constipation and jaundice but 1t should be re
corded that some veterinanans ad ant m with
the specific and general treatment and claim good results

Premumbon

The nature of the resistance or immumty to the Haemospondia is difficult
todefine A stenle immumity rarely occurs except 1n the case of Thetlenia parta
and even the 3t of ths pl: 15 open to c specula
tion

In the case of Babesia the moculation of susceptible animals with infected
blood sets up a mild or sexere attach of the disease depending upon the viru
lence of the parasite mjected Recovery confers upon the ammal a res: tance
or tolerance to subsequent natural infection  This condition 15 assocated with
the presence of the parasite m the blood and 1s known as premunition or infec
tion immumty
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Advantage 1s tahen of this sequence of reactions for the purpose of artificial
premunization and in the present state of our hnowledge, this method of con
ferring resistance to susceptible ammals forms a valuable means of protection
1 the case of importation of cattle into enzootic areas A muld stramn of Ba
bdesiais obtained and a susceptible bovine free from other blood wfections such
as anaplasmosis 1s moculated and 1s hept under tck free conditions  Providing
the strain of Babesia 1s suitable this ammal goes through a typical temperature
reaction recovers and becomes preimmumzed  Its blood can then be used for
prammumzing other cattle  The dose of blood vanes from 1 to 10 cc and s
given subcutaneously  The animals should be noculated at least three weeks
before being exposed to natural infection and should Le kept under good con
ditions and free from tichs  Close observation 15 necessary and the tempera
ture reaction which occurs about the 8th to 10th day after njection should be
recorded  If necessary symptoms should be controlled by specific therapy
At one time catile were preammunized m England prior to shipment to enzootic
countnes but now prexmmunizing stations are estabhished at suitable sites tore
cenveimported cattle i the sarous countries concerned Y oung stock between
3 1o 15 months are the most suitable for preimmumzation

Iresmmumzation of horses with attenuated parasites by passage through
donkeys has been attempted (Thedler 1908) but has not been put into
regular practice

Thus type of resistance 1s not absolute and may last a vanable length of time
up to about 22 months or perhaps longer (N\eitz quoted by Henning 1949)
There 15 evidence however that constant mimmal natural remnfection from
tichs will reinforce the ongmal artificially produced resistance and thus enable
the amimals to survive 1n enzootic areas  Breakdowns do occur under special
stress conditions such as severe reactions following antinnderpest 1nocula
tions and these should be controlled by drug treatment

Lre ention

Tick control  The natural transmussion of Babesia 15 dependent on the ex
sstence of certain species of ticks and mfection can thercfore be prevented by
destroying the tichs or heeping the ammal free from tick infestation  Species
of Booplulus are perhaps the commonest vectors of Babesia in cattle but many
other genera such as Rlupwcephalus and Ivodes are imvolved A dipping cam
paign must therefore be planned to suit the particular circumstances and the
species of ticks that are implicated  This will dffer in different countries as
will also the acanicidal fluid used and 1t 1s impossible here to go into details 10
suit eacharca It should be remembered however that resistance to arsenic
DDT BHC and other inecticides 1s not uncommon and plans will have to be
formulated in the ight of this knowledge

In dogs species of Haemaplvsalis Rinp: cphalus and Dermacenter tichs are
Lnown transmitters of Badesia  The amimil - hould be kept free from ticks by
the use of the usual by glenc measures such « brushing and groomin, and at
tention to the bedding combined with the u « Hf sunable nscctiades usually
1n powder form

The genera Rlnpicephalus Hyalomma anl Dermacentir are all hnown to
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transmt Babesia to horses  Susceptible horses should be stabled regularly
groomed and hand-dressed with surtalle meccfiodes where necessary

Inpantsof \rica and probably clsewhete wacca prosided it 1s adequately
fencedd can be cleared of tuhs by yrazing imanne mdigenous stock that pach up
the tuks  Regular dippung, destroy s this infestation and eventually the area
becomes nck free and safe for susceptible ammals

Husdandry A5 wath all disease prevention guod busbandry s essential
Cattle should not only Le dipped but hept an fenced arcas 5o as to avoid ren
fection from wild game aor other cattle  Good housiay, and praper feeding
are mecessary 10 good health and o healthy robusy anmal will resist disease
and respond to treatment better than neglected stoch whatever the species
may be
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Advantage 15 tahen of this sequence of reactions for the purpo~¢ of artificul
premumzation and, 1 the present state of our hnowledge, this method of con
ferring resistance to susceptible animals forms a valuable means of protecnon
1n the case of importation of cattle into enzootic areas A muld strawn of Ba
Besia 15 obtaned, and a susceptible bos ine free from other blood 1nfections such
as anaplasmo 1s 15 moculated and 15 hept under tich free conditions  Providin,
the strain of Babesia 13 suitable this ammal goes through a typical temperature
reaction recosers and becomes preimmunized  Its blood can then be used for
premmmumzing other cattle  The dose of blood varies from 1 to 10 cc. and s
given subcutaneously  The amimals should be moculated at least three weehs
before being exposed to natural infection and <hould be Lept under good con
ditions and free from tichs ~ Close obseriation 1s necessary, and the tempera
ture reaction which occurs about the 8th to 10th day after injectron should be
recorded  If necessary symptoms should be controlled by specific therapy
Atone time cattle were premmunized in England prior to stupment {0 enzootic
countries butnow | g stations are establisbed at suitable sites tore
cenve imported cattlen the vanous countries concerned Y oung stoch between
3 to 1> months are the most suitable for pretmmunization

Presmmunizaion of horses with attenuated parasites by passage through
donkeys has been attempted (Theier 1908) but has not been put int@
regular practice

Thus type of resistance 1s not absolute and may last a vanable length of time
up to about 22 months or perhaps longer (\eitz quoted by Henming 1939)
There 15 evidence however that constant mimimal natural renfection from
ticks will remforce the ongnal artificially produced resistance and thus enable
the animals 10 survive 1n enzootic areas  Breshdowns do occur under specia
stress condittons such as severe reactions following antirinderpest 1nocula
uons and these should be controlled by drug treatment

Preention

Tick control  The natural transmission of babesia 15 dependent on the ex
1stence of certain species of ks and infection can therefore be presented by
destroying the ticks or Leeping the ammal free from tick infestation Species
of boophilus are perhaps the commonest vectors of Babesta in cattle but many
other genera such as Rlugicephalus and laodes are imohed A dippiny, cam
paign must therefore be planned to sust the particular circumstances and the
apecies of ticks that are imphicated  This will duffer i duffercnt countnes as
will also the acancidal fluid used and i¢ s mipossible here 1o Lo into details to
suit each area It should be remembered however that resistin e to arsenic
DDT BHC and other msecticades 15 not uncommon and plans will have to be
formulated 1n the light of this knowledge

In dogs <pecies of Haemaphysalts Rupi phalus and Dermacemcr uchs are
Lnowa transmutters of Babesta The ammal should be hept free from tiks by
the use of the usual hy gienic measures suth 15 brushing and grooming. and at
tention to the bedding combined with the u-e 3 suitable insecucides usually

r form
n T‘”;,‘c‘d:cneﬂ Riupicephalus Hyalomma and Dermacentor are all hnown to
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Part IIl  Toxoplasmosis
INTRODUCTORY REMARKS

By Tloyd § Markham
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Interest in toxoplasmosis has grown remarkably during the past 20years 4
glance at the excellent bibliographies in this field prepared by J h Trenhel and
Don E Eylesof the United States Public Health Sersice demonstrates both the
cosmopohitan nature of the disease and our increasing recogmtion of 1ts 1mpor
tance In spite of the fact, however, that Toxoplasma were first descnbed m
1908 Amencan workers as a group scem to have been blissfully unaware of
these parasites until quite recently  When Toaoplasma first came to my at
tention 1n 1932 only Mooser s 1929 paper gave evidence of their presence m
this part of the world

The very bulk of the bibliographies ascembled by Irenkel and Lyles
prompted e to give a closer ook at the distnibution of the reports dealing with
Tosoplasma and the result of this nspection 1s summarnized m FIGURe 1 Whale
1t 1s fairly certain that pnior to Mooser s report s¢veral Amencan 1nvestigators
had encountered Toxoplasma none recognized and named (he parasites as such
and most of the Amencan references before 1935 were retrospective diagnoses
An exception 1s the 1932 piper of Walker and Sweeney  These workers lhe
\ooser encountered Tosoplasma while working with typhus virus 1n guinca
pigs and they propagated and identitied the organisms morphologically

It was at about this time that the laboratory study of filterable viruses was
rapidly eapanding and with 1t of course the use of experimental am
mals  Study of the encephalitides especially focused the attention of mvestt
gators on nervous manifestations n expenmental ammals W orkers began to
realize the presence and importance of spontaneous v irus infections among lab
oratory ammals  Less frequently 1t was recognized that protozoan infections
rght easily be mstahen for virus infections if negative bactenologreal cultures
were aceepted at face value

American consciousness of toaoplasmosis appears to stem pnmanly from the
worh of Sabin and Ohtsky who rediscovered the orgamisms mvolved tn 1932
duning the course of thesr study of neurotropic viruses  Thar contact and as-
ociation with Wolf and Tus colleagues led 10 the recognition of Fovoplasina in
spontaneous human encephaliis  These reports first appeared 1 1937 and
from that potnt on except for the intcrruption associated with the outbreak of
World War II the number of references suggested that toxoplasmosis was
becomuag an dmencan cprdemic disca e This statistical epulemic reached

1 urope and the rest of the world following, the «essation of hosnlities when
im esbipators abroad had an opportunity 1o return to productne work

Today toxoplasmosis 1s appreciated 1m more and more public health and vet

erinary connections ‘The importance of the discase in these two gre it and 10
serrelated fields is ample justiication for the publiatiin of these paper
157
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porton of nonviable forms  The parasstes that escape from wfected cells do
not have the capacity for long susvisal exxraceltufarly an the tissue culture ny
tnents  Thisis seen in tasre 2 Whle the suspension of parasues m Eatle s
replacement medium remawmed wiectne for mice for @ hours after 12 hours
the parasites were hardly aiable  This expenment was done o roller tubes
under the same conditions maintamed for tssue cultures  Swice we have not
akserved any synchronteity in the rupture of mfected cells and selease of para.
sutes there s hikely alwavs to be some death of pasasites mn the nutrient medmm
and even when the maxumum cy topathic effect 1s attained the yield ss rela
vely fow in the proporuien of viable furms At earlier stages in e bissue cul
ture prior to maxunum oytopathogenesis the esplants themselves should
contan large numbers of viable parasites  Some method of discarding the
supernate and of relea g ntracellular parasites i the explants might provide
tood yields of toxoplasmas alf vsable  This method will have to be desised
before ussue cultures can be used for such a purpose as for mstance providing
parasite suspensions for the m nidro dye test  Perhaps stationary cell cultures
would be better i these respects

Bespute this disadvantage however ussue cultures of Toxoplasme asre useful
for o number of purposes  \ischer and Suter (1904} used thexr macrophage
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The broad scope afforded by the title of this paper allows a survey of many
of the charactenstics of J'oaoplasma as they relate to the vanous aspects of
tovoplasmosis which will be discussed by others  We shall consider the sub
Jects in the order 1n which they are listed 1n the title

Propagation

Toxoplasma de pite 1ts numerous puzzling features, does afford us the defi
mte advantage that 1t 1s easily handled 1 the laboratory  So long as we re
main aware ot the fact that the ease of these artificial means of maintenance
miay jeopardize our recognition of some charactenstics of the parasite as 1t oc
curs in nature we can profit substantially from the facihty nith which Tovo
plasma may be propa,ated

Tussue cullure  The fact that 1t 1s an intracellular parasite has httle disad
vantage because of presently available tissuc culture methods While 1t will
it grow n medium without Ining cells 1t 15 cultsvable 1n o wide vanety of cell
types It was first cultivated 1 Maximow shides of chuch embry onic tissue by
Gusmaraesand Meyerin Brazilin 1942 We next used 1n our laboratory Max
1mow cultures of chich embryoruc heart muscle leg muscle or Lver epithelium
(Jacobs 1952}  Since then other authors have used roller tube cultures of a
number of different cells  For cxample Chermin and W elley (19>4) used mouse
embryonic tissues and human epithelium oy ometrium and embryonic skin
and muscle  Loch (1953) used embryonic rat heart muscle In the past few
years we have used minced mouse embry ome tissues and standardized cell cul
tures of monhey hidney epithehum  Vischer and Suter (1954) used cultures
of macrophages from vanous laboratory rcdents Toxopiasma has also heen
grown in HeLa cells and 1t 15 most likely thag 1t wall be found easily cultivable
n many other types of cell as weil

‘The wide variety of cells in which the parasite can be cultivated e 1riro 18
indicative of the extent to which st can be distributed in the trssues of anumals
with acute toxoplasmosis

Taxoplasma 1n tissue culture mamfests certain charactenstics that require
that 1t be handled diffetently from \iruses  The yield of parasites from tissue
cultures 1s not as great as might be hoped nor 153t casy to decide on an optimal
harvest time  We have attempted to ascertain optunal times of by est of
culturcs and the proportion of viable parasites in each y1eld ) he youits on
one such test on roller tube cultures are presented 1n tapLE | 1t can be seen
first that the number of toxoplasmas present at any time 1n the supernate of a
tissue culture 15 not great compared to the numbers that €an be reco ered from

the exudates of ammals Second a companison of the direct counts of the para
<tes with the infective titer of the supernates indic stes that there 15 2 high pro
1%
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easily from the Iver <pleen and lung  In the later stages of the infection par
asites are only rarely detectable in the extrancural viscera but are found casily
i the brain - Ruchman and owler (1951} repurted consistent recovery of
Tmoplasms from the bran of rats infected for as long as two years  We have
swatlar records 1w our laboratory for up to 24 months  Thus the rat senves as
a bank for stoning Toxoplasna until needed s should be a good tool for
teachers whe require the parasite only occasionally for demonstration purposes

Ireserration. \sa matterof interest other banks that might be useful for
stonng Toaoplasma are issue cultures at room temperature and hibernating
ammals  Meyer ind de Oliverra (1943 1945) hept Maximow shde cultures of
Toxoplasma infected chick embryome tissue at room temperature  The para
sites after 1 year and § months of such mawntenance were asinfective and viru
lent as the ongipal straimn from which they were denved  Rodham (1951)
snfected a hibernating marmot intrapentoncally with a squirrel strun of Toio
#lasma  The amimal succumbed (o the imfection 18 days after the end of its
steep which had lasted 3 months

Lyles Coleman and Cavanaugh (1956) and Weinman (1926) have recently
developed the techmgue of preserying parasites by freezing in glycenne solu
tions  Therte 1s certamnly attnition of the toxoplasmas 1n such preparations
but nevertheless enough erganisms remain v iable so that they can readily be re
covered by noculations of the thawed matenal into mice  This 1s certainly
the most convenient method of preserving stans  Smce as will be described
later the e of parasites by ¢ passage 1n laboratory animals
sometimes results 1 changes 1n their behavior these  banking  procedures
may be of more than academic interest 1n preserviny, the onginal charactenstics
of strains

The chich embn 015 als0 a useful 100l for the primary 1solation of Toxoplasma
and for the maintenance of strams I nmary 1solations have been made
chick embryos from ocular ussues and lymph node matenal  Occasionally
however strains of the parasites are found that have been difficult to establish
In chick embryos  The parasite once established can be mamntained readily
by weekly passages using the technique of yoik sac moculation  When young
embryos (/-day) are used the development of calufied plaques on the chorio
allantoic membranes 1s only occasionally seen this 15 more likely to be found
with 17-day or older embryos  As will be demonstrated later parasites appear
to alter less in virulence 1n this host than 1n the mouse

Worphology

Toxoplasma gondr 1n all of these situations presents the same morphology
(r1GuRE 1) Tt1sa crescentic or arc shaped orgamsm with one end attenuated
and the other more rounded It measures about 2 to 4 1n widthand 4 to7 u
n length  There is no centrosome or kinetoplast visible but the cytoplasm
may contain some chromatic granules  Some granules give a red stasning reac
tion with the penodic actd Scinfl reagent and are considered glycogen The
nucleus as scen 1n Ciemsa stained preparations appears as onginally described
by \icolle and Manceaux (1908) a mass of granules of chromatin 1n a rather
loose network  Cross (1941) has descnibed a vesicular nucleus with chromatun
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cultures 1o desenbe the role of clls wnd humor il fictors in immunity to then
fction We have put trssuc cultures Lo use 1 determaning the minnnat i
e concentrations of pynmeth wmne i subfubazne tht cause mibation of
browth or camplete destruction of Prolifer wing toxoplismas (Cook i Jacobs,
1956) 1t 1s possible, also, thit tssue cultures will be usclul 1n furmshang an
tgens for shin testing, that wall not b we the disadvantage of anbigLens prepared
from ummals in that they can be mide from human «clls and m the wheence of
Wy contamuntng yents M g of such cultures for physiolog il studics
on the metabolism of the Parsites; or on the altered met holiom of host alls,
15 also 1 obvious posalility

Beyond these uses, tissue cultures defimtcdy fford un adyantagcous method
for the primary 1solison of Pirastes from suspectad ¢ wes of {oxoplasmosts
We have boen successful m 1ol Hng, toxoplasm s in twsug cultures moculated
with ocular trssucs from 4 case of honorctiitis {Jacobs, I ur, and Bikerton,
1934) and, more recantly with lymph node menad from o c1se of toxoplasmic
lymphadenopathy  Such olations remove all doubt of the source of the toao
Plasmis i ontrist to moculation of animls which must e proved to be free
of spont ineous infoction They muy, possibly sllow (he mamtenance of the
rrasite at the s feved of virulence asat hd g ots onpinal host, this point
still requires Wveshipation  Lissue cultures, tlyg allow 1olation without ned
for wliptation of the parasite to + Iiboratory hos

Aasutenance laboratery ummals i i of propaibion of L uroplasma
m hiborstory wnimaly rares mention only for the wmmtiated T aboratory
struns of Fosoplisms e Cstly pisserd by wy route of moculation 1n mie,
rats hamstars ribbis guiney s chich embryos and mpeons  fhe mou e
35 by (1r the most convement angl e b the advantag s that it 1 vy
unhhely 1o have spont incous infections, Attempts by S1hyy (1941), by et
an{1913) ind by our tabortory bve fulal o revesl any mstance of v ural
wfuction with LToveplasme m the hlmnlw) mouse e one recorded i
stince (Moosr 1950) of spontancous infy
plamed by Saban (herson df commum H08) 18 possbly duc w the fict that
the e were reeoned from v breader who fad emptal to repusvenite s
stoch by the introduction snto 11 of e wild o ¢ to mprove the vapor of the
wlony  In most st ey Loaaplasma from humag sources have proliforsted
reahly m hboratory mice I g foy antatt o8 however sirgnsof the prasite
el some ad it e 10 (s sl
The hrger Bibordory eadenty sucly 3y the hunster e, s indd rabiat,
e occsonlly ban Dund 1o e PHONCwy L oplasime nfuc
tions 1T young ammale e consistently N e s T gcdly howeser there
should by Wttle reason 0 sa pe coutard ifeoe B em S (Cthe ot
mals show high susceptibifiey « 4, Pl sLans it for ¢ they e
not pacticularly valuible HHr munton e Jurpo s The "ty Y £t 1s o
better b this roped Horo o il B OanOus il fiong have
been found in rats young labor v ry e ired g doabat wcsey 1lly negr
tive arc usful  The ratsuffors hitle i e oy 4y when moculaig 1wl iy
hirge numbers of prosates Inhe Gy 0 oy mhtction tox plagnas
e found n small numbcrs in the blond (a1 Jonca) Wb sl it
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casdy from thelner spleen andlung,  In the later stapes of the infection par
asites are only rarely detectable m the extrneural viscera but are fuund casly
w the bratn Ruchman and Towler (1931} reported consistent recoveny of
Toseplasma from the brun of rats mfected for as long as two years  Wehave
similar seconds 10 ous Jaboratory for up to 24 months Thus the rat senes as
a benb for storing Toxoplusms untsd nueded  hus should be a good tool for
teachers who require the parasite only occasionaliy for demonstration purposes

Ireservations Asa mattecof nterest other banks  that mught be usefut for
stoning Tozeplasma are tissue cultuses at room temperature and hibernating
ammals  Meyer and de Olnora (1943 1945) hept Manimow shude cubtures of
Toxoplasma wfected chick embry ome tissue at mom temperature  The pare
sies after tyerr and & months of such masnienance were asinfectine and siru
lent as the ung!ml stram {rom whuh they were demved  Rodhain (1951)
mfected a b marmot Hy with a squirrel stram of Toxe
plasma The ammal succumbed ta the wfection 18 days after the end of s
sleep whech had lasted 3 months

Eyles Coleman and Cavanaugh (19a6) and Sesnman (1956} hare recently
developed the technique of presersing patasites by freezng in glycernne sola
tans  There s certamly agtntion of the towoplasmas in sudh preparmtions
but nevertheless enough orpansms remasn yiable so that they can reachly bere
«nered by moculations of the thawed materal into mice This 15 certasnly
the most com ement method of presenving stuns Since as will be desenbed
{ater the mawmtenance of parasies by continuous passage in laboratory ammals
sometimes results 1y changes m thewr behavior these bamkang  procedures
may be of more than academic interest i presenving the oniginal chasactenistics
of sirains

The chuck embryo 15 also a useful 100t fur the primary 1solation of Toxoplasma
and for the maintcnance of strans  Frimary solations have been made m
uhaek embryos from ocular tissues and fymph node matenal  Occasionally
however stramns of the parasites are found that hasve been daificult 10 establish
o chih embryos  Che parastte once established <an be mamtamed readiby
bs weehdy passa.es using the lechiugue of yolk sac mocalstion  VWhen young
embryas ((-dav | are used the deselopment of watufimd pliques on the Chono-
allantoe membrancs 15 nnh, xcasionally seen this 13 more bhely to be found
with 12-day ot clder embryos  As will be demonstrated later parasites appear
10 alter fess i virulence 1 this hast than i the mouse

Merphal gy

Ty soplasma gondn 1m alf of these simations prescnts the same marphology
(FoLRE 1} Ttisa crexenty of ar shaped onanism with one end attenuated
and the other more rounded It measures about 2 tod w mnidthand 4 104 4
wlength  Thete 1s oo centrosome o hanetoplast vimble but the eyvioplasm
™Ay contain some chromatie granules  Some granules gne a red stawming reac
wos with the periodic acrk Schiff reagent and are considered gh cogen  The
nucleus a8 seen 1 { semsa stamed preparations appears 3s onginally descnbed
by \icolle and Manceaus (1908) 2 mass of Lranules of chromann in a rather
Josse network € ross (1941 has described « veswalar nucleus with chromatn
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particles arranged penpherally on its membrane The electron microscope
studies of Gustafson ef al (19>4) support her observation that theres a definite
nuclear membrane with a dense 1rregular layer of matenal applied to the mner
surface  They found masses of matena! of similar density however within
the nucleus which vaned constderably 1n their size and position  Some clump
ing of dense matenal was scen that might indicate a consistent central mass
poss\bly a nucleolus  Holz (1924) using parasites obtained from colchicine
treated mice describes a metaphase with six chromosomes

1 anations 1n the shape of the organism may be related to the stage of repro
duction or to the method of fixation Onval or rounded forms may be con
sidered prelimnary (o cell dnasion  Air dried films usually show the parasite
as more robust than wet fired preparations in which the elongate appearance
of the parasites 1s more like that seen 1n fresh preparations (FIC URE 2)

The use of the electron microscope has added considerable information re
garding the morphology of Tosoplasma  Vanous authors have descnibed 1
preparations examined by ordinary night such structures as flagclla (Splendore
1913) or a cyms\)\e {Cro-s 1947) These observations have not been con
firmed by others  The electron microscope ailows a more dehmiive answer to
the question of the presence of locomotor organclles € u titson ef ol using
sections of fixed mouse penlonenl exudates cut to00v ¢ 1 less have made a
beautiful contribution m th stespect  They describe at the wntenor end of the
parasite 2 short truncate hollow cone which they have dc unateda conoid
The base of the conaid 15 open to the adjacent ¢y toplasm i the distal end 15
closely associated with the cell membrane (FICURF 3)  \ socated with the
1mal end of the conond there appears a vanable number 1310 18 ho
fibrils unifermly circular in €ross section whi h diverge from the
base of the conoid and extend toward the blunter end of the el These they

call toonemes and consider them umque for Toaoplasma
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particles arranged penipherally on 1ts membrane The electron mucroscope
studies of Gustaison ef al (1924) support her observation that theresa definite
nuclear membrane with a dense rrregular layer of matenial apphed to the snner
surface They found masses of material of similar density, however within
the nucleus which vaned considerably 1n their size and position  Some clump
ing of dense material was seen that mught indicate a consistent central mass
possibly a nucleolus  Holz (1951) using parasites obtamed from colchicine
treated mice describes a metaphase with six chromosomes

Y anations 1n the shape of the organism may be related to the stage of repro
duction or to the method of fixaton  Oval or rounded forms may be con
sidered preliminary to cell division  Auwr dnied films usually show the parasite
as more robust than wet fixed preparations n which the elongate appearance
of the parasites 15 more hike that seen 1n fresh preparations (FIGURE 2)

The use of the electron mcroscope has added considerable information re
garding the morphology of Toxoplasma  \anous authors have described
preparations examined by ordinary light such structures as flagella (Splendore
191%) or a cytostyle (Cross 194/) These observations have not been con
tirmed by others  The electron microscope allows a more definitive answer 10
the question of the presence of locomator or,anclles  Gustafson ef al using
sections of fined mouse peritoneal exudates (ul tc )05 u or less have made a
beautiful contribution 1n this respect  They describe at the anterior end of the
parasite a short truncate hollow cone whilt they have designated a conord
The base of the conoud 1s open to the adjacent 3y tiplism and the distal end 1s
closely assoaiated with the cell membranc tru Rl 31 Assroated with the
proximal end of the conoid there appears a v inable numter 14 to 18 of ho
mogeneous fibnls uniformly areular m cros s ton whe h diserge from the
base of the cononl and extend toward the blunter cnl t the oJl These they
call toxonemes and constder them unique for 7 v plyom:
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They consider 1t possible that the conoid may serve as a mouth structure o
penetration device or be a vestigial cytopharyny It 1s possible also that the
organelle 1s subject to some movement It 1s desunbed as extended in some
speamens and retracted th others  One can also conjecture that the toxonemes
sere the function of retracting the organelle It 15 not clear whether or not
the distal end of the conod 15 perforated  If 1t were varjous explanations
could be given for the occasional report of a flagellum or rod shaped structure
at the attenuated end

Thesc authors have also descnbed a longitudinal arrangement of fibnls 1 or
on the cell membrane of Toxoplasma  Sumilarly Bringman and Holz (1954)
studying intact Toroplasma w whtheelectrn mir s pe deswnbe the presence
of a hbnllar network ansing at the attenuited ni fihe | ir1 ite and extending

on its surface for two thirds of the bodv laith  The « nbnl are interpreted
as locomotor organelles that give mise 1o the Lliline m  ment f the parasite

In our studies of tissue cultures of the f roat the 1y J 1y mas are fre
quently seen 10 vacuoles (FieuRE 4) The pari e wre fhund pured 1adi

cating that the method of reproduction v P niuidn s by n Ientually
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the proliferating forms may completely fill the host cell (FIGUXE 5) rupture the
cell wall and dicperse 1o 1nvade others  There 1s reason to differentiate these
proliferative forms from the cystiihe agglomerations of parasites that are seen
i the chronic stage of mfection (FICURE 6)  The indnidual parasites m the
prohiferatnve stages according to Frenkel and T'medlander (1931) have few
small gly cogen granules while those in the cyst form have many larger granules
The size of the host cell 1s enlarged 1n the cyst form and the wall of the cyst
undergoes some changes It becomes argyrophilic and weakly PAS positive
According to Redhain (19+0) and Rodhain and Cerebetzoff (1951} 1t 1s resist
ant to pressure and 15 elastic  Cross (1947) stated that parasites within ¢y sts
required a fonger time for hy drolysis 1n staimng by the Feulgen technique than
id free parasites It 15 not clear however that she was actually dealing with
the pseudocyst form but rather with the itracellular proliferatn e forms

The question anses as to the ongin of the ¢yst wall  On the assumption that
the wall1s the remains of the host celt wall with no contribution from the para
site the cysthhe struciure has been designated a  pseudocyst Frenkel and
Friedlander believe that because of sts staining reactions it 1s likely that the
wall may be dernved from the parasite and that the word cyst 15 appropri
ate  Itishere that the observations on the localization of tosoplasmas in vacu
oles of nfected cells are pertinent  Custafson ef af report that i the space
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at least a month  Vermeil and Maunn (1953) recovered a Tovoplasma stramn
of human ongmn from chameleons {Chamacles tulgaris) and gechos {Tareniols
mayritanica) for up 1o 1> days after inoculation  We can now add to this hst
the panted turtle (Chrysemys picta} and we have confirmed J rankel s findmgs
on Terrapene carvling (Jacobs and Melton to be pubhished)  Therefore it ap-
1rears that some of the morphological reports of Toroplasma in reptiles in nature
may eventually be contirmed by 1solation procedures

On the other hand attempts at anfection of amphibsa (hozar 1922 Manuell
etal 1943) have resulted thus far i falure

yhite ongmatly many specific names were gnen to Tosoplasma from the
vanous hosts biological and tmmunologcal studies have indicated that these
parasites are members of the same species Toxoplusma gondn

Course of wifectton Thelack of spectficity of Toxoplasma for particular cells
or celt types makes 1t possible to establish miection 1n animals by any route
Tollowing some prolferation at the site of entrance a parasiterma den elops
and the 1afection becomes generalized  The parasitemia persists untl and
sometimes for a while after antibodics make their appearance 1n the blood
stream  ‘}lus has been demonstrated 1n a number of laboratory hosts among
them the rat rabbit chicken dog and pigeon (Jacobs and Jones 1950 Jacobs
Melton and Cook 1953 1955)  Ihere is no consistent parasitesua after anty
bodies reach a siyruficant level although oceasionally the bload may be founi
positnve aiter the acute miection has subsided  Such findings are considered
due 1o the occasional presence of a parasitized leuhocyte in the blood  The
parasites wathm the host cell are protected from anubody Whether or not
such parasites in 2 wandenng cell could on release reestablish infection w a
nes site 1s a matter of considerable importance 1t 1s believed that these par
asitemas probably occur only rarely dunng the latter part of acute episodes
and that prohferation of parasites in tissues tn the presence of signifi
cant amounts of antibody resulting from a previous infection 1s not very hkely

Actually whnat s generally found in the period alter the widespread dissem
ation of parasites and the production of lesions 1n many organs is first the
cleaning of the blood and then more slowly the disappearance of parasites from
many of ther tissue sites  We must distinguish between parasttization of
ussues and parasitenua 1n the tissues  The former lasts longer than the latter
and toxoplasmas can be found 11 the parenchy ma cells of the liver for instance
as well as i Aupfler cells and fixed macrophages after they are no longer de
monstrable 1n the blood  Data on this are available from a vanety of hosts
such as rats dogs and cluckens  For example Ruchman and Fowler (1931)
reported that in rats infected with RH toxoplasmas parasites were found in
the spleen for 2 weeks 1n the Iiver and lungs for 10 weehs and in the brarm for
2yearsafter infection 1 arasites were demonstrable in the blood regularly dur
ing the fizst week after moculation and then occasionally dunog the next 9
days  The data in TanLE 3 summarze similar studies on dogs (Jacobs Vel
ton and Cook 1935) and TABLE 4 shows additional mnfermation on chichens
Even relatively carly there is a gradual cleaning of the tissues or at least a
diminution 1n the numbers of parasites residng i them as evidenced by the
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between the parasites and the vacuolar wall there 1s a fine filamentous or granu
lar precipitate visualized by the electron microscope Also there are con
centrations of host cell mitochondna at the edges of the vacuoles Itis
concenvable that, as the parasites increase 1n number and vacuoles enlarge the
preaipitates become applied to the host cell wall and contribute to its stamne
properties In contrast to the cysts of parasites such as Sarcocystts and
Besnorza which form more definite walls the ongin of the cyst or pseude-
cyst wall of Toroplasma 1s not clearly parasitic

Biology

Tt 15 obvious from the f d that Toaopl 15 a remarkably
discminate orgamsm parasitizing many different types of cells and many
hosts  The orgamsm 15 widely distributed in nature and there are numerous
reports of 1ts occurrence 1 many orders of mammals and birds

Dustrabution 11 nature  Itshost range among the mammals 1s from the most
primitiy e forms to the most highly developed There 1s a morphological report
{Coutelen 1932a) of 1ts occurrence 1n a marsupral the wombat Among In
sectivora 1t has been found in the mole (von Prowazel 1910) and has also been
shown to infect the shrew and the hedgehog (Laveran and Marullaz 1913}
Many species of rodents have been found infected 1n nature the gondi mouse
rat rabbit guinea pig squurel and marmot Among carnivores the dog fot
cat and chinchilla have been found naturally infected Artiodactyla such as
swmne sheep and cattle are also hosts of the parasites (see Habegger 1933 or
Callahan ef al 1946 for citations of most of these reports also heagy 1949
on the chinchulla Fankhauser 1951 on canme toxoplasmosis Moller 1952 on
Toxoplasman the fox Tarrell ef o 1952 and San.er et al for 1953 for swine
and cattle) Toaoplasma has been found 1n the baboon {Levadit1 and Schoen
1933) the chimpanzee (hopeiowsha and \icolau 1938) the whiteface monhey
Cebus capuctnus {de Rodaniche 1954a) as well asin man  In addition the
marmoset Wartking geoffroys and the mght monkey fofus .onalis have been
expenmentally infected {(de Rodamche 1954b) and rhesus monkey s are also
susceptible (Sabin and Ruchman 1942 Cowen and Wolf 1945)

Among birds there 1s no doubt of the occurrence of Toxoplasma 1n pigeons
{Jacobs \felton and Jones 1932) and 1n chickens (Hepding 1939 Encheen
and Harboe 1933) Other birds have been expenmentally mfected notably
the canary and the duch (Wolfson 1041 the English sparrow the song spat
row and the canary (Manwell e/ ol 1915) and the purple grackle (Manwell
and Drobeck 1931) 3 large number of other birds have been reported to be
infected (see Habegger 1953 for a lisung of these) It 1s best however to re
serve judgment on these records until brologral evidence 1s obtaned to confirm
the mcroscopic findings that are their main basis

There are morphological records ot Tovoplasma 1n reptile (Plimmer 1916
and Coutelen 1932b)  Swce n0 1solations of the purisite trom reptiles have
yet been accomphished these reports tll stand un sntiemed 1 renkel (1923a)
however stated that hzards (Seehper s and 1u 251 and turtles (Terrapene)
were susceptible to the RHstramof T plasma and harbored the parasite for
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persistent infectuon with Toxoplasma ment discussion sn regard to the occur
rence of congenutal toroplasmosis an humans  There 1s Intle doubt that m
most cases neonatal toxoplasmosis s the result of congemtal transmussion of
the tfecion  On the bao of chinical and serological findings it has been as-
sumed that congemtal transmission occurs only when the mother acquires the
infection durnng, the gestation pe

On the other hand Wemman (1952) expressed the view that congenstal
human cases represent the transmission from a chrome tolerant carmer to the
wfant  He presumes that pregnancy may result in an exacerbation of latent
tovoplasmons and the spread of parzutes from a localized site of chronic mfec
tion to the placenta and fetus.

Reports from Germany by Hellbrugge (1923) and Wildfuhr (19>4) indicate
that rats with chronic infections have transmutted toxoplasmosts to thew off
pnng  Hellbrugge found no evidence of change m the placental tis.ues indi
cating prohferauon there  Furthermore the recent work of Sanger ef ol (1932)
reports that sows with asymptomatic infections revealed only by the presence
of low dye test titers have given birth to anfected pigs  Campbell (19:3) n
England clams that there has been contimued congenital transmission of Toaom
Plasma from one mother to her culdren albest the evidence 1s poor A report
{rom Austna {Seitelberger and Sprel 193y makcs a sumilar clatm  There are

also case reports of ocular discase with exacerb
dunng pregnaney (Johnson 1946) although m these cases the wnfants were
born without tovoplasmosis

There are some bases for discounting thisargument  Conen and Woll (1950)
stated that tovoplasmas did not appear 1o pass the placental barner except
after local pmhfcxauon 1n the maternal utenne tissues Eichenwald (194%)
dud not find i ch infected muice  Second
studies on the challenge of immune ammals has shown little Lkelihcod of pro-
liferation of parasites in the presence of antibody  Third no techmique such
as splenectomy or iradiation has been found to result in exacerbation of chrome
infection (Weinman 1943 Frenhel er ol 1952)  Furthermore cortisone given
to chromcally anfecied mice m doses sufhaent 1o cause death of some of the
controls did not result 1n reacination of latent fections (Jacobs and Melton
1953)  Cortisore thd not sncrease the parasitenna in rabbits infected with our
stram of low varulence (113 CE) nor did 1t result 1n a signaficastly hegher oc
currence of chrone encephahius 1n mrce gy en doses of the drug i the period be
tween the cessation of the dissemmnated stage of infection and the usual time
of onset of encephahitis

There 1s also the report by Gard and Magnuson (1951) of the eccurrence of
Iymphadenopathie tozop'amess 1n a your g woman with sympioms appeanng
about tmo weeks after the start of pregnancy  Diagnosis was made by nsing
antibody titers which were slow m appeartng  The baby was born at term
without any evidence of disease and with passively transferred annbodies that
decreased tn titer with ume  Here apparently erther because of low intasne
ness of the parasite stramn or because immunity developed 1n the mother before
the fetus was mfected congenital transmussion did not occur

1t appears Jusufiable to assert that except under unusual arcumstances there
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TanLE 3
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longer survival time of mice imoculated with organ suspensions at progressiv ely
later periods

Residual wnfection. Despite this cleanng of the tissues however the Ppresence
of residual infection has been demonstrated 1n ammals long after experimental
nfection  For example, we have found a dog mfected about 2 y ears previously
sull to have toxoplasmas n the Iner (TABLE 3) By far the easiest site from
which to 1solate parasites 1n latent infections 15 the brain  As already men
toned rat brains are almost consistently found positive for as long as 2 years
after experimental infection  We have simularly found the brain of a dog post
tive 10 months after moculation and the brains of Pigeons were found to harbor
toxoplasmas 3 years after expenmental inoculation and after antibodies were
no longer demonstrable 1n the penpheral biood  (On occasion the heart of ex
penimental amumals has been found to harbor parasites after these organisms
have been cleared from other organs

Descnptions of chronic disease 1 animals indicate that these persistent para
sites have a continuing pathogenicity  Levadity ef of (1929a) described chronie
encephalitis 1n expenmentally infected rabbits and mice W emnman 1943)
and Wemnman and Berne (194) also reported encephalitis in mace that sury i ed
fection with small numbers of parasites or were protected from death by
treatment with sulfonamides  Irenkel (19+1) reportad progressne enceph
aliis i the golden hamster and we have described Jag, death of mice from
encephalitis after the moculation with 4 strain of fow s irylence {(Jacobs and
Melton 1924}

The presence of Toxoplasnia like bodies in heart shletal muscle and the
eyc of humans was descnbed by Rean and € ruott 194, Syverton and Slavin
1916 Plaut 1946 and \ilder 1952 and s been substantiared by 1solation of
parasites from the heart and eye by Cathic (195+) and by Jacobs Iar and
Bicherton (1924)

Circumstances of congemital infection e ymy lications of these findings of
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Stramns that have been 1solated from nature show wide vamation wn their
virulence  Parasites 1solated from severe cases of human tosoplasme 15 are
generally highly sirulent for mice INus ts not always so however  For ex
ample Armstrong and MacVMurray (1923) reported a lapse of 4 days before
appearance of symptoms in mite nocultated with §y mph node matenal from a
severe case of acquired toxoplasmosis

Strams 1solated from latent infections sn animals are frequently low in vrru
fence for muce  Fur enample a stran ssolated from a dog by T L lernn
and transferred to us produced only chromc nfections sn mice and was not re
covered from mice until two months later Rodhain (1950) has described
strains isolated from squirrels that produced only chronic infections m mice
two of these strains were lost 1n mouse passage  We have previously recorded
(Jacabs Melten and Jones 1952} the molation of stramns from pigeons re
quinng aumerous blind passages in mice before they were casily demonstrable
De Redantche has stated that in carly passages m mice of a Toagplasma stran
ssolated from the whiteface monkey Cedus capucinus a chronie type of infec
tion was produced A number of other exarples can be cted

Whether or not this difficulty of establishing strains in mice represents an
adaptation of the parasite to the mouse or a general increase 1n virulence re
quires some comment  On the whole strains virulent far mice such as the
RH strain show the greatest virulence for other laboratory antmals such as the
guwnea pig hamster and rabbit and for pigeons and chickens  Another cnte
ron of virulence can be used here the parasitemia 1n nonfatal wafections  For
example pigeons infected with the RH strain showed a much higher and more
consistent parasitemia than those infected wath a chiochilla strain or wath our
strain 113 CE even when they sunsved infection (Jacobs Melton and Coeh
1953

Strams maintamed 1n laboratory mice generally increase in virulence not
only for nuce but for other hosts  The enhancement 1 pathogentcity of an
avirulent strain maintained tn mice as compared with the same strun main
tained in the chick embryo has already been descibed (Jacobs and Melton
1934} The same enkancement of virulence has occutred on an additional oc
<asion when we have taken the chich embryo-passaged hne and transferred 1t
serially through mice (Melton and Jacobs 1953)  Others have sinulasly ob
served such increases i virulence  De Rodamiche s monkey stramn already
mentioned at first produced chronic infections but after some 24 passages i
muce was reported to be highly vurulent for them De Rodaniche (1954b) has
also reported that the marmo et (Marsking geaffroys) was hughly susceptible to
the strain after enly two passages i mice and that after the first passage w the
marmoset 1t was greatly increased in virulence for mice

Thus enhancement tn virulence does not occur 1n relation to a single host
specie> butisgeneral It may be assoctated wsth the artificial means of propa
gation of the parasite used 1n the laboratory or to the sclection of more rapidly
multiplying forms 1n continuous passage  Sabin and Olitsky (1937) described
4 sudden change tn the ability of a guinea pig strain to destroy host cells  Such
an occurrence would uncensciously be followed by maimntenance of more rapidly
destructive parasites 1n suc essive passages 1t 1s mteresting that this change
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1 hittle helthood of a mother giving, birth to more than one toxoplasmie chid
i separate pregnancies  Thisis supported by the histories gathered by Eichen
wald and bv Feldman (elsewhere in this monograph) on the mothers of toso-
plasmic mfants  One cannot defintinely rule out, however, the possibiity
that under peculiar conditions a woman might have successine pregnancies
complicated by tovoplasmosis It 1s probable that we are dealin,, here with
the multifaceted problem of host susceptibility and vanatien wn virulence of
parasite strains

Straniarialion Wehasealready reported mabstractform somedifferences
amon,, wbred strams of mice in response to infection with our strain 113 CE
(Jacobs and Melton 1933)  The major point to be noted ss that the differences
m the mouse strains were not discermble when tested aganst highly varulent
parasites {our work with the RH strain and that of Chnsten and Thiermann
(1954) with RH) It was only when the parasites were relatively low 1n vira
lence that the mouse stramns were found to react differently

The main charactensic on which parasite strains have been differentiated
15 their virulence for mice and sometimes for other laboratory amimals  The
criteria avarlable for such esaluations are the mortality of antmals inoculated
by vanous routes with graded doses of the parasite the symptoms produced
and the survival time of the mice so moculated  Harboe and Enchsen (1953)
in \orway have recently described also a length difference between two strams
of considerably divergent virulence with the laryer parasites (RH) being asso-
ciated with the greater virulence  They found a number of intermed:ate strains
not distingushable 1 this respect

TabLe 4
DEMONSTRATION OF TOXOILASMA I\ 1uE TIS LES OF CHICREAS J WAMISED AT WEERLY
\TERVALS AFTER INFECTION wrmit tne RH Stramn
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Stratns that have been ssolated from nature show wide vanaton m thar
virglence  Parasites solated froms severe ases of human toxoplasmesis are
generally bughly virulent for msce  This as not always o however  For ex
ample \rmstrong, and MacMurmay (1903) reported a lapse of 84 days before
appraauce of syraptoms m mue snoculated wath §y mph node matenal from a
severe case of acqured toroplasmesis

Strasns wolated from latest safections t ammals are frequently Jow m viru
fence for mice  Lor crample o stram wolated from a dog by T L lernn
and transferred 10 us produced only chrome smfections i mice and was not re
covered from mice untid two months later  Rodham {190} has descnbed
strams 1solated {rom squirsels that produced oaly chromc infections in mice
two of these strains were Jost 1 mouse passage  We bay o previously secorded
(Jacchs Melion and Jones 1952) the isolation of struns from pigeons re
quitsng numerous blmd passages i nuce before they were casily demonsteabile
De Rodaniche has stated that i early passages in mice of a Toroplasma stram
ssolated from the whiteface monkey Cebus capuctans a chronic type of infec
tion was produced  \ number of ather mamples can be ated

Whether or not this difficulty of estabhishing stsains m mice represents an
adaptavion of the parasite to the mouse or 2 gesiesal increace m virulence ye
quires some comunent  On the nhole strains virlent for muwe such as the
RH strain show the greatest < grulence for othier faboratory anumals such as the
gwnea pig hamster and rabbit and for pigeons and chickens  Another crite
i of virulence can be used here the parasiemra m nonfataf isfoctions  For
example pigeons wfected with the RH stram showed a much higher and more
consistent parasiternta than those ifected with a chinctulla stram ar with our
strmn 313 CE even nwhen they survned infection {Jacobs Melton apd Cook
193)

Steuns mamtamed (o laboratory mice penerally acrease tn virulence not
only for mce but for other hosts  The enhancement 1n pathogematy of an
aviralent strawn mamtamed 1 mce as compared with the same stram masn
tawmed 1o the thich embryo has already been described {(Jacobs and Melton
194) The same enbancement of yirulence has occurred on an addstional o¢
3508 when we harve taken she chich embnyog § line and 3
senatly through mace (Melton and Jacobs 1933)  Others have stmlarly ob-
=erved such mcreases m ssrwlence  De Radaniche s monkey stran already
menuoned at first produced chronic mfections but after some 24 passages
mmce was reported 1o be highly viulent for them  De Rodansche (1954b) has
also reported that the marmoset {3 artkina geoffrovt) was highly susceptible o
the strasn after only 100 passages tn muwce and that after the first passage  the
marmoset 1t was greatly increased in virulence for mice

Thus enhancement 10 virulence does not occur ia relation 10 a single host
spenses butisgeneral  Ivmay be associated with the artificial means of propa
gation of the parasite used i the laboratory or o the selection of more rapidiy
multiplytog forms i contimusys passage  Sabun and Oltshy (193¢) described
a sudden change 1n the ability of a gunea pig stram to destroy host cells  Such
anr oceurrence would unconsaously he foffowed by mamtenance of mote rapidly
destructsse parasites m successiB passages It 1s mieresting that this change
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has not occurred 1 chich embryos, and this 1s suggestive of the possibility that
1t would be profitable to mvestigate the stability of strains 1n tissue cultures
The preservation of the onginal charactenstics of Toaoplasma as found m nature
may be necessary for successful studies on the life cycle of the parasite

Tmmunsty  Generally a lngh degree of immumty develops in ammals that
survive toxoplasmosis  This i true except 1n mice, 1n which considerable df
ferences 1n the degree of immunity have been reported  While others have re
ported that mice surviving one mnoculation wath Toaoplasma were immune to
subsequent challenges (e g Wemman 1943 Frenhel, 1952 Biocea 194> Rod
han 1950 Ruchman and Johansman 1938 Wolf Cowen and Paige, 1939)
with the strains 1n use 1n our laboratory mice rarely develop a lasting 1m
mumty The main evidence of an ymmune response 1 mice 15 an Increase 1
survnval ime  The longer the delay between mtial mfection and challenge
the less 1s the extension of survival time (Jacobs and Melton 1953) When
mice immumzed with 113 CE do survive challenge with the RH stramn as oc
caswonally occurs, the RH strain can be demonstrated as established 1n the tis-
sues This 1s 1n line with Rodhain s (1950) observations in immune mice that
survive challenge

T'he multiplication of parasites introduced by a challenge mnoculation nto
larger rodents or birds that have survived an imtial infection 15 of rarer occur
rence A number of workers have reported fast immunuty to challenge i such
ammals, with failure to recover parasites introduced 1n a challenge inoculum
Such reports date back to Levaditi e ol 12 1928

Immumty 1s related to the production of neutralizing antibodies demonstra
ble 1n neutralization tests and requinng for their activity the presence of a
heat labile serum component  On the basis of a similanty in the requirements
of the neutralization test (Sabin and Ruchman 1942) or the dye test of Sabin
and Teldman (1938) 1t 15 believed that both demonstrate the presence of the
same antibodies

Levadity ef al (1929b) concluded that 1 toxopk was prob
ably cellular because they could not demonstrate any antitoxoplasmic actrv
1ty 1n the serum of an immune ammal It 15 probable that this was due to loss
of the heat labile component of the serum  There 1s evidence however that
both cellular and humoral factors are involved i the immune response

It has been possible to produce a degree of immumty 1n gumea pigs by the
intramuscular or intrapentoneal injection of antigens consisting of tovoplasmas
Llled by low heat, formalin or phenol  The smmumty 15 manifested by the
development of antibodics demonstrable by the dye test and by the resistance
of the gumnea pigs to challenge inocula that kil control anymals 1n about 9 or 10
days (TADLE 5) The mmunity however 1s of the type descnbed above n
mice  There 1s a dissenunation of the parasites which are demonstrable after
challenge in \anousorgans depending on the time of sacrifice but tonger 1n the
brain than elsewhere

Passive immunization of rabbits by nfravenous injection of large quantities
of ymmune rabbit serum has resulted 1n the produs tion of relatively high levels
of arculating antibody Such rabbits hav died however following hallenge
inoculation as rapidly as controls and have shown similar parasitemias ~ Each
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enwald (1939) 1n studies on the effects of antsserum and sulfadiazine in expen
mentally micctcd mice siated that while the setum or the drug wndn 1d\ml!}
had some L 1 action the of these sub: was

bly more effects & than exther used alone  In so far as the author is anare a0
ather studes on passtt e aamunizatsn have been perfermed

The studies of Vischer and Suter o cultination of Toxoplasma vithin macro
phages i tifre are interesting 1o this respect  Macrophages from wmuntzed
ammals cultnated with immane serum eshibuted the greatest capacaty to
bt probieraion of Teaopfasma  “exther tmmune cefls with normaf serum
not normal <ells with wnmune serum showed simslar minbutory properties
Coupled with the obseryations descnbed earher these findings indicate the ke
hhood that both humota) factors and  educated  cells are tesponsible for im
mutaty to Taxaplasma

Whether due 1o differeices i cell 1y pes within the nervous sy stem compared
10 the evtra neural vistesa or 1o less iffusion of busmoral antibodies mio the
central nerous system 1t 15 undoubtedly true that the bram and eve represent
the most frequent sites of perststence of toaoplasmas w anmals and probaably
mman  Tossibly because of o unmunsty wn the ocular fuids and tissues
rupture of pseudocysis and prohferation of parastes mas oot from tume to
time resuftng i exacerbations of chonoretinal lesions (1 renked 1931 Tren
Letand Fredlander {921 Jacobs (ook and Wider {934 Jacobs fawr and
Buckerton 1954 Woods Jaobs Wood and Cook 19s4)

Serolegy  Thehusmoratanubodie demonstrable by servlogical test areoftwo
types  complement fiung, and oy toplasm modifying {dye test) antibodies
These anubedies can be distngusked by ther tme of appesrance and per
ststence and by their lach of relatronship in titer 1o some wstances  The dye
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test antibodues, as has been mentioned above appear to be neutralizing anti
bodies  The mechanism of the dye test has, indeed been nterpreted by Lelon,,
and Desmonts (1952) as a partial lysis of the parasites, a modified Pfeiffer phe

nomenon, whereby the affected organisms lose those constituents of the cyto
plasm that are ordinanly stained by methylene blue  The heat labile compo

nent of the reaction mixture charactenzed ongmally by Sabin and Feldman
(1948) as distinct from complement because 1t could not be replaced by C 1 and
C'2 after heating of the serum has been reported by Roth (1923) to be comple

ment including the other two factors C 3and C’4 *  While these latter factors
are relatnely heat stable most of their activity can be lost after 30 minutes at
56° C (Kabat and Mayer, 1948) Therefore considering the relatively lar,e
amount of accessory factor serum required to effect the dye test reaction 1t 15
possible that after heating such serum the concentrations of C3 and C 4 might
be reduced below an effective level and that the reaction would not take place
even with the replacement of the heat labile factors of complement We can
add the observation that the chelating agent, Versene which binds calcium and
magnesium  can completely mhibit the dye test reaction in certain concentra

tions

Since 1n recent years the dye test has been subjected to the critictsm of lack
of speaficity (Muhlpfordt 1951 Awad 1954) we have run a number of tests
nanattempt to obtain definite answers to this question

In expenimental studies we have as 3 et found no definite evidence that Toao
plasma cross reacts serologically with Trypanosoma cris or Plasmodium berg
hevmrats or with Plasmodium gallmaccum or Eimeria tenella mnchickens  Tests
on a Jarge number of squirrels found nfected with Hepato.oon sp and on three
rhesus monkeys with Sarcocystts have been negative for Toaoplasma antibodies
Sabin (personal commumcation) has also found negative dye tests 1n some cyno-
molgus monkeys with Sarcocystes nfections  Moscovicr (1923) also reported
no cross reaction between Toxoplasma and sarcosponidia  Rats showing low
dye test titers of 1 1 or 1 4 are frequently found to harbor Encephaltto.oon 1n
the brain so there may be some cross reaction at very low titers between Toao
plasma and Encephalito.oon  In some mstances also rabbits nfected with
Besnoiha gellisons show dye test titersup to 1 16 There 15 no cross-ummunity
between Besnottra and Toaoplasma (Frenkel 19>3b and our obsers ations)

On the basis of this information 1t 1s believed that titers of 1 16 and over
obtained in the dye test for toxoplasmoss are sigmficant and that they prob
ably indicate past exposure to Toxoplasma

Data relaiie to transmission Serological sury ey data 1 addition to reports
of cases of toxoplasmows or epidemcs of the dicease 1n various ammals and m
man indicate that Toxoplasma 1s one of the most ubiquitous and prevalent of
parasites How then does toroplasmosis spread from man to man among
anmmals or from reservoir ammals to man#

Toxoplasmas are found widely distributed throughout the bods of acutely
mfected hosts  They have been found 1n the blood unne feces mik. and sa
Ina and m serous exudates from the conjunctrna of varous anmals 1 the Jate
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stages of avute wfections {see Jacobs 1003 for catzons)  The parasites thus
found ase probiferatine forms with hittle resistance to the external ent sronment

‘These parasites are rapudls destroyed by drying by changes i osmotic pres-
sure by fow beat and by freezing, and thaving exceptin speaal glycenne sofu
uons such as reporied by Lyles Coleman and Cavanaugh (1906) and by
Wemman (19:6) There 18 rapud astnuon of organisms standng outside of
cellsin saline or soerum saline solutions {Jacobs Jones and Melton 1933) orwn
tissue culture nuinents, as was obwrved eatlier  There s afso attxiton of
such prohiferatise forms in the carcasses of mfected ammals  Such matenal
stored 1n the refngerator for two weehs may be still infectine to muwce but the
sunnal time of the mee 13 denitely prolonged  On the basis of the poot re
wstance of the profsferatis e forms o the external environment it s behieved
unbhely that the spread of the parasite tahes place by any contammnatine
means  There 15 only one record (Olafson and Montux 1042) reporting the
mfccum\ of one puppy by close conmcl with Iitter mates siek with toxos

n i w our hboratery this dud not take

p\am under sinitar araumstances (Jacobs Melon and Cook 1935)

There 15 evudence that the pseudocy st form of the parasite 18 more resistant
to storige and to the action of diestve juices than the prohferatine forms
Thus whle other worhers {Vdams o 2! 1949 an Theel 1949 Conen and
Wolf 1950) seported only occasional suceess with atiempts at produang v
fecuon by feeding muce the carcasscs of acutely infected mice Lachensald
{1948} consestently produced imfection by this means with tissues of chromcally
infecsed mice  Somalarly our results with feeding the trssues of mice dead or
dying of toxoplasmons show only htle success  Only 13 infections resulted
from feeding 81 mice with such tissues desprie the presence of large numbers of
proliferanng parasites  On the other hand much more consistent results were
obtamned with the feeding of brains from rais with chronw snfections {Tanie
6) On the basms of these observations it scems ot unithely that carniy ores
may acquire toxoplasmoss by consusmng ifected tissue  The intestinal fessons
seen in dogs cats and foaes wath \pontaneous treplasmoss may wndicate that
the gastrointestinal tract 15 the portal of entry

Whether or not we can extend thia viewpoint 1o humans remas a matter of
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considerable doubt  Lesions of the intestinal tract have not been reported m
acquired toxoplasmosis of humans  The findings of Cole and hus co workersof
toxoplasmos:s 1n swine and cattle, in addition to the earher data on sheep have
nevertheless stimulated 1nvestigations on the possibility that undercooked pork
or beef may serve as a source of human toxoplasmosis  Our serological study
of orthodox Jews {Jacobs Cook, and Neumann, 1954) in the older age groups

1n which we found a prevalence of dye test reactions as high as that in the gen

eral population, rules out pork as the sole source of human infection A suniar
study on Hindus would be valuable to evaluate the role of beef  The areas1n
which the highest prevalences of positive dye test reactions are found have pop-
ulations however that only rarely consume meat (as in Tzahiti) or do so only
when 1t 15 well cooked (as in Guatemala)

W\ hether or not carnuy ores or omnis ores can acquire toxoplasmosis in infected
flesh some explanation 1s still needed for the means of infection mn herbiores
and seed eaters  The transformation of the parasite in the gut nto a resistant
form that could serve as a means of spread to such hosts has been im estigated
by feeding the feces fresh or stored of infected ammals or of animals fed m
fective tissue to others alwayswith negativeresults  Since a parasiterna does
exist 1n the acute stage of toxoplasmosis 1n all ammals the possibility that m
fection 1s spread by bloodsuching arthropods has been inyestigated by a number
of workers  The results of such studies were summarized 1n an earlier revien
(Jacobs 1953) Inaddstion to the reports histed there Havlik (1921) 1n Czech
oslovakia states that toxoplasmas sunvived 1n the tick Ormsthodorus moubata for
23days The tick bite dud not transmat the infection but flud from the coxal
glands and excrement of the ticks proved to be infectious 23 days after blood
sucking  Another report by Giovannom ¢f ¢! 1n Brazit (1952) records that n
fection was 1cquired by Culex quinguefasciatus feeding on infected pigeons and
that the could be d ted in the q for 96 hours No
transmssion occurred by bite

In general most of the studies indicate ihe phenomena Arthropads can
acquure the nfection by biting and the parasites have been found to survise
3n arthropods for 2 number of days  In our own studies the one possible case
of transmission by arthropods occurred with Dermacentor (Woke Jacobs Jones
and Melton 1953) but Rhupicephalus sanguineus apparently harbored the par
asite for at least 60 days through two molts as was demonstrated by our 1sala
tion of stram 113 from mice oculated with the macerated ticks It 15 our
opumon  therefore that continued study of this method of transmussion with
ticks and other arthropods should be prosecuted  The results of Havhik are
especally encouraging The observations of Giroud ef al (1953) and others
on the deyelopment of toxoplasmos:s 1n mice or other ammals moculated with
{ichs or mites. collected i nature although cqunocal add support to this thesis

prdemlologmal data on human toxoplasmsis have Lieen provided by a num
her of surveys using the dye test and <hun test (Frenhel 1948 Feldman and

Sabin 1949 Feldman 1953 Beverley 1943 Biua 1931 1933 Bustos Castro
ol 1902 Gard, 1921 Gibson ef al 1o be published Harboe 1952 MacDon
ald 19+0 Prebarsht 1952 Romana and Lifschutz 19%4 Loth 1953p Thal
hammer 1921) In addition to the general finding that there 1s an mcreasing
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presalence of positin © 1eactions with spcreassog age centain salent facts are to
be noted from these data (1) the presalence of the sfrcnon 15 g hest 1 arens
such as Takats and the coastal region of Guatesusla (2) the prevatence 1s low i
aress such as Jevland amd Vaska (3) the provalence s igher 1n southern Swe
den than 1 narthern Sweden {4} more pesitne reachions are found among the
poputation of the coaslal regsons of Mesico than at the high alitude around
Meuce Oy (o) suthin the United States there are regional diffirences
prevalence nth the castem regions posssbly showing higher tates thas western
ageas (6) the rate among Navaye Indians in Anzona s surpnangly Jow whsle
135 higher o their dogs  Thesw data may possibly be summanzed by a state
ment that texoplasmosts 35 more presalent I warm moist areds than i cold
orhot dry areas  Such a penerabization could be explasnable an the baws of
arthropod transmassion but also perhaps onother basesas well At the pres-
ent stage of our hnowledge the jueces of the puzale do not mahe a complete
mcture 1t senves no purpose at this tme however to postulate multsple
modes of transmussion betause this ydes detracts from the enthusinsm wuh
which the problem of the spread of Toaoplasma should be pursved withootat
self providing adequate or defimte answets,
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CONGENITAL HUMAN TOXOPLASMOSIS*

By Harry A Teldman and Lowise T Muller
Depariment of Public Health and Pre entie Medicine Stote Uz orsity of New York
Upstate Wedical Center ot Syraguse % } and the Ailian Research Laboratory
1 seitng Johnson Iospital for Rhcumatic Discases Syrasse ¥ 5

The congenital form of human tovoplasmosis the first from which Toxo
plasma wasisolated may be the most wformative source of knowledge concern
g the nterrelationship betyeen this parasite and man It 1s from this view
point rather than as a purc clinyeal problem, that the subject wall be discussed
at this ume  The nfectiousness ot Toroplasma for humans was proved when
Wolf Cowen, and Paige! 1solated the Dparasite from a 31 day old infant whose
illness first had been noted on the third day of ife  The presence of chorio
retimtis and diffuse h iy elilis was corrob d at autopsy and Toze
plasma hike organisms were seen in the listolo,ical sections  Vfost mpor
tantly, Toxoplasma was demonstrated 1m mice and rabbits who succumbed
following, injection with suspensions of the nfants brap and spinal co d
Here then was evidence not only that Toroplasma could produce fatal con
gemtal human disease but, also that 1t could &1ve nise to inapparent nfections
1n human adults (for the mother though well presumably had been the source
of the infection) This was proof oo that chonoretimitis and encephalo
myelitis could result from infection with Toroplasma Subsequently, 1t was

at varying penods followin, birth

Turther progress was slow {and 1n some nstances even misleading,) until
1948 when new (or improved) precise and nformative techniques the dye
shin and complement fination tests became avallable  These served to
stimulate world wide interest 1 the parasite and the disab hities that 1t may
produce so that much new miormation has been acquired during the past
seven ycars  Because imitations of time and spact do not pernyy 4 complete
discussion of all or much of this newer know ledge this Presentation will be
lumuted to a discussion of the iformation derived from fhe Pre! minary analy sis
of 187 cases that we have accepted as representing mstances of congenital toxo
plasmosis  We have nothing to contnbute 1n a POMUING sense 1o the question
of whether congemtal tovoplasmosis 1s ever napparent

Among, 176 of these cases 119 (6% per cent) were 4 \ears of age or le s (60
1 year or less) 38 (22 per cent) were from 5 to 9 years ynd 10 were in the age
group of 10 to 19 years  There seemed to be no good rc 1sn 10 exclude these
older cases

The dye test antibody patterns of many of the mothcrs ind thesr offspring
are 1llustrated 1 FIGURES 1 and 2 As wath any serol.i a) easurement
there are indwidual vanations but antibodies tend fo persist 3t stmibicant Jey
els for many years o serologically similar group of mai has ever Leen
t [ mth \at 1t 0 Hh B g Md
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studied by usor wsofarasweareasate by anyoneehe  Depstothe wehave
D redson te assume that astthodies will not persest in the sarre 2. bion 1n men.
One could condude thou b that these high titers encoustered n mapparent
mfechons of pregnant females are due 0 part to conusued stunulition by
antigen ¢ matenal relea-ed from the nfected fetua.

The differeices between the antbody pattern of pa. nely aod actnedy
wnmunezed nfants are dhstrated v Tapie 1 These are tvpical of mans such
expeniences they sujport the statement? that qwers of 1 26 11 2o wfant four
or more montks af aze gencrally are due to mdection and ot 1o pas.ive transfer
There are some whe believe that when such a titer 1 obtar ed o a matesnal
SETurt it means that the motker recenthy has ziven buth 1o 2 cmaentally
fected nfant  We do not believe that ueh a concla H>n 15 warranted except
under very carefully detinea anum.tanees

We have assumed (2his 45 nat umiques that the congemital disesse resulis
when 3 foummune pregnant woman happen ta acquie an tapparent infec
usn. Tre resultant patasiens perms Texoplesma to set up a mduy i the
placenta from which safection of the fetus iolisns Ve have seen such a lesion
1 only sre placenta all that has been mvalable for wr tuds  The great
majonm of the motbers of oug cases has been berseen 18 and 29 years of age
the remamnder bewmg between Wand W vears  Thi vousy matersal age would
appear 10 te tefated to an age moup of mcreased suseptibilics to the disease
W Queston. These data culd be uiterpreted alw a5 opposiiz the concept
thar mfected 1nfants often are born » me vears afier the mosher has sequred
her wmital wfection



CONGENITAL HUMAN TOMOPLASMOSIS*

By Harry A Feldman and Louise T Muller
Department of Public Health and Pre-ents ¢ Medicine State Unt ersity of Veuw York
U pstate Medical Center al Syracuse ¥ 1 and the haltan Research Laboralory
T seling Johnson Hospital for Rheumatac Diseases Syracuse ¥

The congenital form of human toxoplasmosis the first from which ZToxo
plasma was 150lated mav be the most informatiy e source of knowledge concern
g the interrelationship between this parasite and man  1t1s from this view
pomt rather than as a pure clinical problem, that the subject will be discussed
at thus time  The infectiousness of Teaoplasma for humans was proved when
Tolf Cowen, and Paige! 1solated the parasite from a 31 day old 1nfant whose
illness first had been noted on the third day of hfe  The presence of chorio
retimtis and diffuse encephalomyelitis was corroborated at autopsy and Toae
plasma like organisms were seen 1n the histological sections Most 1mpor
tantly Toroplasma was demonstrated in mice and rabbits, who succumbed
following jection with suspensions of the infants brain and spinal cord
Here then was evidence not only that Toxoplasma could produce fatal con
genital human disease but also that 1t could give nse to mapparent infections
1 human adults (for the mother though well presumably had been the source
of the wnfection) This was proof too that chorioretinifis and encephalo
myehtis could result from infection with Teaoplasma  Subsequently, 1t was
demonstrated that microcephaly and macrocephaly cerebral calafications
conyulsive disorders and mental retardation could accompany or follow con
genital nfections and that such infections were mamfested exther 1 ufero or
at varying penods following birth

Turther progress was slow (and 1n some nstances even musleading) until
1948 when new (or improved) precise and informative techmques the dye
shin and complement ination tests became available These served to
stimulate world wide interest in the parasite and the disabilities that 1t may
produce so that much new information has been acquired dunng the past
seven years Because limitations of time and space do not permut a complete
discussion of all or much of this newer knowledge this presentation will be
Limuted to a discussion of the information derived from the prehminary analy sis
of 187 cases that we have accepted as representing instances of congemtal toxo
plasmosis We have nothing to contribute 10 a positive sense {o the question
of whether congemtal toxoplasmosis 1s ever apparent

Among 1/6 of these cases 119 (68 per cent) were 4 years of age or less (60
1 year or less) 35 (22 per cent) were from 5 to 9 years and 19 were 1 the age
Jroup of 10 to 19 years There scemed to be no g0d reason to exclude these
older cases

The dye test antibody patterns of many of the mothers and their offspring
are dllustrated 1 FIGURES 1 and 2 As with any seroligy il mensurement
there are individual vanations but antibodies tend to persi ( at si, nificant lev
¢ls for many jears No serologically smmilar jroup of males has ever been
yp tdbygatf mtheNt Il tie (B 11 Bth d V4
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stances caanot occur e are only indicatin, that they would be uausual
€vents 1n our area
Among 141 of our cases approaimately one fourth were born prematurely
This 15 someshat but pot greaty 1n excess of the normal espectation  Some
0 per cent of the prematures died 1n contrast with 7 per cent of the term births.
That this difference 1 sunmval 1s due to toxoplasmosts solely 15 questionable
for the difference 15 no greater than generally would be expected betneen pre
mature and term births.
1s the mother of an infant with conenital toxoplasmosis luble to produce
another such batn® In other word 15 she Likely to shed parasites into her
bloodstream or maintain viable orgamisms in the sites of placental unplantation®
We analvzed 204 pregnancies m such mothers by companng the outcome of
precading and subseq; getat and found no 4 of e
We have yet 10 encounter the first nstance where a given mother produced
more than one congemutally infected off pnog
Among 108 cases with chonoretinitis we found that $2 per cent had le 10ns
n both eyes  VWhether the remainder actually had unilateral lesions only 1
questionable but the frequency of bilateral invohement tends to support the
thesis that the chonoretinitis re<ults from bluodstreams seeding  If this ex
pertence can be carned over 1o the eye disease 1n acquired toxoplasmosis one
miht expect a signuicant number of these to be buateral too
The birth months of 103 patients who were born north of the equator were
plotted and 1t was found that the frequency from month to month was essen
tially the same which indicates that the infection probably can be acquired
m any month or season of the year
Does each chuld have the same degree of residual dasnage® The answer 15
no again although almost all had detectable chororetiniis and most had
cerebral calaications mental retardation and or duturbances in head size
Thxs does not mean that every infant or child with chonoretinitis or cerebral
has ¢ In fact no more than half such
cases have turned out to be due to this infection
It has been impossible for us to detect retrospectnnely any 1llness pattern
dunng pregnancy that suggests when the mothers might have acquired thewr
infections.  We have therefore been unable to project this information for
futsre use  Indeed four Afths of these mothers denied having had any illness
atall
Most of the fathers whose sera were made available to us have not had de
tectable antibodies which argues somew hat against the probability that person
to-person transfer 1y commonplace or for that matter important.
To sum up we believe that this analys:s of a signiicant number of cases of
conr'emul toxoplasmosis indicates that the disease occurs as an acadental
of an primary pl nfection of a pregnant
female because such may be acc d by In so
far as we are aware all such infants suffer some residual damage but most
sunvive  The winfection may be acquired i any season of the year and human
to-human transfer 1s not commonplace  This complication is A0t repeated 1n
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Tosorrasyua DYE Test ANTIBODY PATTERNS ILLUSTRATING FASSIVE TRANSFER
AND LONGFNITAL Disga F

Dyctest t te
Stoat Dy ¢ tpatum

| Matmi ’ bt

Pa ne transfer [ 256 128
a2 - 128

% - 16

132 256 1

Congenital toxopla mosts 50 10.4 ‘ 512

127 1021 1074

The sex of the offspring plays no role i this disease since 53 per cent of
our cases were males and 47 per cent were females

Ve have been unible to relate the time of acquisition of infection with the
end result Qur hypothesis has been that 1} e earler 1n pregnancy the infec
tion 15 acquired  the more catastrophic the effect 1e if early a spontaneous
abortion would result 1f 1 the second tumecter a stillbirth or a premature
if 1n the Jast trimester a term birth with lesscr ¢ ¢ greater degrees of residual
damage We have not encountered an instance where we could demonstrate
taxoplasmosis to be the cause of spontaneou alo ter par nive we been able
to detect mfection as evidenced by a change m anubcdy  tatus 1n about 600
P gnant women who were folloved to term  Jhsis», t ay that such in
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Toxorrasia DyE TestT ANTIBODY PATTERMS ILLUSTRATING Passne TRANSFER
AND CONGENITAL Dispase

Diet tttes
S tuat Dy potpartum

Mtml Iiat
Passive transfer 0 256 128
42 -_ 128
— 16
132 256 4
Congemtal toxoplasmosis 50 1074 512
127 1024 1074

The sex of the offspring plays no role 1n this disease since 53 per cent of
our cases were males and 17 per cent were females

We have been unable to relate the time of acquisition of ynfection with the
end result  Our hypothesis has been that the earher 1n pregnancy the infec
tion »s acquired  the more catastrophic the effect ¢e if early a spontaneous
abortion would result 1f in the second trimester a sullbyrth or a premature
1f n the Jast trimester a term birth with lesser or greater degrees of residual
damage We have not encountered an instance where we could demonstrate
toxoplasmosis to be the cause of spuntincous abortion nor have we been able
to detect nfection as evidenced by a change 1 antibody stutus m about 600
pregnant women who were followed to rm  This 1s not to say that such



TONOII ASMOSIS \CQUISITA 1Y MPHONODOSY CIINICAL
AAD 1 ATHOIOCICAL \ASLECTS*

By ] Chr Sum
Tie State Serun Instutule Copenl igen Den ark

In 1937-1939 Wolf, Cowen and I aige published detanls of the hirst ventied
cases of congenal toxoplasmosis and gave a chimcal descnption of this now
classical disease entity

The introduction of rehiable quantitative reactions for the scroloal dugno-
sis—the Salun Teddman dyve test and the complement tiaation (C1) test (War
ren and Russ Sabin)—aroused much interest among «linians from almost all
fields of mediaine  Papers aj d sul Iy 1n which toxopl was
dagnosed 1n both children and adults suffering {rom a wide sarniety of the most
vanyng disease conditions  In some of these reports however the diagnosis
was based upon microscopic examination and upon seroreactions carried out on
«ingle blood samples only using many different techniques It should be em
phasized that 1t 15 unsafe to diagnose toroplasmosis on morpholo,ical grounds
alone especially when dealing with fiaed tissue preparations  In addition 1t
15 also dufficult to 1nterpret the results of serological examunations because (1)
dye test anuibodies frequently occur amony, apparently healthy persons (2)
the seroreactions semain positive for 2 long period after the acute stage of the
discase and (3) antibedy formation also appears after inapparent infections
The demonstration of 1ncreased titers alone 1n single serological specimens can
therefore by no means be taken as proof that cases of uncertain etiology are of

toxoplasmic ongin  This can be donly by the d of nsing
titers 1n a new test 1 Iy with the devels of chimcal features or
by thesolation of Toxopl: Turth the use of dardized diag

nostic methods and antigens makes companson of results from different places
almost impossible

Few laboratones seem to perform routine diaghostic 1solation eaperiments
and difficulties anse i climcal practice in procuting specimens for tmoculation
into expersmental animals  Therefore although it cannot be excluded a priors
that some of the patrents recorded might have been infected with Toaoplasma
in many of the cases 1t has not been feasible to perform 1solation expenments
thus establishing the final academc proof of a correlation between the actual
disease conduton and a t ) nfection by d of the parasite
responsible

The following account ncludes only clinieal entities in which the occurrence
of an acquired infection with T ‘oxoplasma has been established by (1) 1solation
of Toaapi n well lled anymal from patients with charac
tenstic chimeal histological and serological findings (2) demonstration of a
sigmificant nse n titer 1n the acute stage of the disease simultancously with the
development of charactenstic signs and symptoms

Using these critera 1t 18 possible to divide acquired infectious disorders
caused by Toxoplasma gondss 1nto four main manifestations (TABLE 1) charac

Adedbyg t fomTh h gChrsta X Foudso Cpehg Demak
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subsequent pregnancies and 1t affects more than one offspring only if the refer
ence pregnancy results in multiple births  While most infants with congental
toxoplasmosis have residual chororetinitis many iastances of this problem
are due to other causes

References

1 Wour A D Cowrv & B H lawce 1939 Scence 89 226
2 Saay A B H Ercusswatp H A Fripuay & L Jacoss 1952 ] Am Mcd
Asso. 150 1063
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both encephatitis and myocarditas were preseat for more than five months sur
wined  On post mortem exanunation cell wflirations and necrotic for m
beart lungs and central nenous system are present with Toroplasma ke
structures i the my ocardsum m all the cases examined

5 I

Toxsph eguisiia C b

The first case was reported by Saban 1n 1941 4 s year-old boy shoned
fever debinum lized cons tlsons 3 mph hy and & m X
pleocytosis  A\fter 20 days the patiens died  On post moriem examinasos a
memngocncephahitis was found and the RH stram of Tesoplasma was wolated
{rom the bramn

This { of acquired tovof seems tooceur but efdom  In
Denmark only one other similar case has hitherto been obsenned that of a
three year-old orl 1n the United States Feldman {(1932) has reported on ence
phahus and a rash 1 3 six year old boy m North Ainea Guoud o of (1903)
have olated strawns from three adwlts and 1n Germany ¥ ranke and Horst re
potted & case i 1922

Toaoplasmusis {equisita Opinkalmica

The first venfied case of ocular toxoplasmosss has secently been reported by
Jacobs Tair and Bickerion {1934} Inad0-year-old man witha chrome chorio
retiutis Toroplasee were tsolated from an enudeated gy

Toaople tequisita Lymphonod:

Chwiggl findings \hile the above mentioned mamifestations of the ac
guured toxoplasmit infectian seem to occur rather seldom 1oaoplasmosis with 2
hmphadenopathy as the nzam sign is relatnely frequently dagnosed  The first
Danish case was reported five years ago at the Sixth Internationat Congress of
Pedatries at Zunch Switzertand 1930 (Snm 19305 and at the same ume 3
Swedish paper on the subject was published by Gard and Magnusson (19:0 and
1921)  Since then toxoplasmic lymphadenopathy has been reported from sey
eral countries w1951 and 1932 from Denmath by Snm {rom Sseden by
Gard Magnussen Wismg Zeipel and Lwder i 1933 from Denmath by
Bang Rasmussen and Snm from France by ¥ aure from Sweden by Jacobsson
and from the Umied States by \vmstrong and MacMurry and by Stanton
and Pukertor 1w 194 from Lngland by Shapper Beserley and Beattie and
by Cathie from France by Lelong Desmonts Vimb Nezelof Satge snd

Couvrear and by Sedalkan Gann and Paure and fnally 1w 19 from Den

marh by Sum and from Puland by Gronreos  Further cases have been ob

%l\ed w Trance by Desmonts o Germany by Iieharshs and ¢ Sweden by
huldt

Based upon chimcal obsers ations of our cases in » hich Toxaplatma have been
wolated 1t 15 possible to dnide the lymphadenopathic form mto three sub-
;troups {1} febrile iy mphademitis {2) a nonfebnle form and (3} a subchmeal

form
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TABLE 1
Variot s CLivCAL MANIFESTATIONS OF HUMAN TOXOPLASMOSIS THE LAISTENCE OF WHICH
Has BEEN VERIFIED BY POSITIVE ISOLATION EXPERIMENTS

AcquisiTa
Co aen »
Lymphouodosa Eathmt a C ebrop s Ophith Im a
Febnle Afebrle Sub- Typhushhe Encephaliis  Chomoretinitis
chnical exanthema ash)
(1) Lymphodencpathy  Atypical pnen
monia

(2) Relative hmphotyto  Myocarditis
15 atypical mor

phology
Paul Bunnell negatine  Meringoen
cephahtis
(3) Lymph node biopsy  Often fatal
charactenstic  hus
tology 1solation of

taxoplasma.
(4) No complications (ot
very seldom)

tenzed by (1) lymphadenopathy (2) typhusiike exanthema (3) meningo
encephalitis (4) chorioretinitis

These conditions cannot of course be fulhlled in clinical practice on a broader
scale It seems important however to emphasize that varous forms of ac
quired toxoplasmosis exist especially considenng that the frequent occurrence
of antibodies n the population has caused a certain doubt among chmicians
regarding the value of the diagnostic methods available

Toxopl dequisila Exanth a

T'nve cases of exanthematic acquired tosoplasmosis have been reported with
positive 1solation experiments (Pinherton and Henderson 1941 Kass Andrus
Adams Turner and Feldman 1952 Seston Ijyles and Dillman 1943 Giroud
and Grjebme 1951 1953) Inanadditional case a sigmificant rise in the anti
body titer was demonstrated during the acute phase of the disease (Strom,
191

T}Ze chnical preture of this lized infection 1s ch 1zed by a typhus
like 1llness _the onset of which 1s often acute with chulls and temperature of
about40 C insome casespreceded by fatigue and malaise of a fen days toa
weeh sduration  The typical sign s a red nonhemorrhagic maculopapular ex
anthema that invohves the whole body except for the scalp the palms and the
soles of the feet  The rash appears during the first week at the earhest on the
fourth day and disappears one to two weekslater  Dry cough and pulmonary
changes simulating atypical penumonia are usually found both early and later
during the course of the disease but mught be completely absent Symptoms
or signs of my ocarditis and memingoencephalitis often complicate the disease
lymphadenopaﬂly might be found but enlargement of the spleen has not been
demonstrated  Most cases have been fatal only one patient m whom signs of




Sum Chmcal & Patholojic1l \spects 159

Because of the demonstration of a relitnve lymphocy tosss together with a
negatine taul Bunoclt test seroreactions for tovoplasmosts were carned out on
November 3 with positineresult (dyetest 1 1250)  Thereactionswere negatine
on Outober 17 (11t trE 1) On renewed dinial examination on \ovember 21
shghtly tender lymph nodes the size of hazelnut hernels were revealed in both
axillae and 1n the left inguen  The nodes were rather fime discrete with no
attachment to the underhying tissue and the covenng shin was unaffected
ity -one days after onset a ly mph node was exaised from the nght axilla anda
stram of Toaoplasma was isolated

Course  The temperature was about 39 C from the 16th to the 20th of
Ocwber and then gradually decreased  From November 23 the temperature
was normal having been elevated for 43 days  The patient was discharged
on December 3 after haviny, been an the ho pital for 50 days No compheations
werevbsenned except for a febrile retimopathy

On folloi. up six months after commencement of the discase the patient wag
fitand wel) and had done light work  The indolent Iy mphadenopathy was still
present thedye test was 3 6700 and the CF test 1 32(64)

Trealment No was d except for ta bed for
38 days and injections of procaine peniciilin 300 000 umts were admmystered
for the tirst five days wathout any effect on temperature

Laboralory tindings  Hemogloin vatue on October 23 November 3 and 25
9> 83 and 99 per cent respectinely  krythrocyte count and color index on
October 23 475 muthon and 107 Sedimentatron rates on October 20 “o
vember 13 and December 4 were 39 58 and 34 mm per hour (W estergren)
Leucocy te counts on October 1/ and 29 and on \ovember 14 6 000 4 800 and
7600 respectively  The chiferential counts on these dates were unsegmented
Ypercent 6 per cent and 7 per cent <cgmented 03 per cent 42 per cent and
3y per <ent cosmnophils © per cent 3 per cent and 12 per cent large by mpho
cytes 9 percent 27 per cent and 29 per cent small lymphocytes 14 per cent
18 per cent and 14 per cent monocytes 2 percent 2 per cent and 3 per cent
plasma cells 1 2 and Opercent  The large y mphocy tes were shightly atypical
Thymol turbidity test on \ovember 26 and December 1 0 10 (negatn e} and
023 (posutnne)  The unine contamed atbumm on October 17 and 27 (01 per
thousand) without positss e mucroscopsc findings  Serum protein total 6 50 per
cent  Albumun/globulin 083  Spinal fluid on October 16 and 19 normal
{0 and 4/3 cells per cubic miliimeter)  VWassermann reaction negatne g
glutination lysis test for leptospirosis and Widal s reaction were negative
Mantoux test negatine Jaul Bunnell test on October 14 and 29 and on \o-
vember 18 negatne (1 8 \nustreptolysin titer on October 7> and Novem
ber 26 45 and S0 (normal)

A r1y of chest no entargement of hilus shadows

\ ray of skull no intracerebral calaiications

Eledrocardiogram normal

Ophthalmoscopy on \ovember 26 showed reunal exudates and very fine
hemorrhages on the left ¢ye (febnle retnopathy?)  Five months later the
exammnation was nermal
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ACQUIRED TOXOPLASMOSIS WITH LYMPHADENOPATHY
IN A39-YEAR-OLD MAN

DAYS AFTER ONSET [ & 18 34 33] 51
DYE TEST <110 11250, 1 6250] 1 6230]
CF_TEST <i2 1256 1256 1128
LEUCOCYTIC COUNT [6000 4800 7600
MONONUCLEAR CELLS /| 25 47 46

a1

\

\,\ LASMA

\{ W‘V\/v\
37| S—

Tempetature 1n cent g ade degrees

1417 2 20 | 15 i
1252 0CT Nov CEC
Fir i Fbif molt plm q st 1 mpho od 39 K CseN 7)) Jsola
v (fo pimim Uartymph oa” et 545 O B 02 odman (€ seN D)

Eebrile Lyvmphademtis

The onset may be acute with chills and fever of 38 to 40° C, but 1n some
cases the commencement 1s gradual The temperature lasts for two to four
weeks or even longer and then decreases by lysis

The following two case records are representative of this mamfestation

Case \o 7 (TABLE 7 FIGURE 1)

History (Case No 6022 of the Blegdamshospatalet or Epidemic Hosputal of
Copenhagen) A 39 year old brichlayer previously i good health was sud
denly taken 1ll on October 11 1932 with chills and temperature of 408°C Mo
symptoms apart from moderate headache tenderness 1n the bach and shght
angmna

:\s the temperature remamned elevated the patient was admutted to hospital
on October 16 with continued fever and albuminuria

On admission _the general condition was unaflected temperature 392 C
pulse rate 80 Except for some redness of the fauces and tender swelling of the
left angular lymph node there Were no other assoctated signs and particularly
no eranthema no respuatory carduc muscular or neurological signs no
Iy mphadcnopathy or enlargement of Iner or spleen

Diggnosss  The prelmmary diagnosis was acute tonsilins  1afectious
mononucleosis® continued fever
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TOXOPLASMOS!S ACGUISITA LYMPHONCDOSA
FEBRILE FORM
N A 20-YEAR OLD WOMAN

ISOLATION OF TO OPLAIMA)
oM

occ it L L MK NODE
FAGL BUNNELL
NECAT vE
OYE TEST ) Yirs F_R;o
CF TEST B 12 Jlosze

TENDEA ADCNITIS  MOSP ADMISS ON

+ T T
18 24 14 17 25
34 w0 vec 1933 aY ot
~—— AWEEKS —mme
55 MORT:
PMONTHS
Froez Flledm £ jums q alml dsm 203 odwoms(C Vo 10}
Iolit olTo plarmel manoc puallmeh ¢ s dSgm thy K ast

On admission the temperature was 3 7 C pulse rate 42 generat condition
unaflected  Enamunaton showed nothing, abnormal except for redness of the
faucesand Iy mphadenopathy  There was swelling of the occrpital preaurscular
and cervical lymph nodes  These were the stze of ha elnut hernels were
smooth finn untform and freely mobile but tender Mo lymph nodes could
be demonstrated with certarnty in the axilla and mguen  There were no other
signs ¢specially no resprratory cardiac muscular or meurological signs no
enlasgement of the Iner or spicn and no exanthema  The shin was normat
and the teeth tn good condruion

Drag, he y diag; was acute pharyngius and ademius
Because of the demonstration of Iymphocy tosis with atypical cells accompa
wed by a negative I aul Bunnell test on December 8 seroreactions for tovoplas
mosis were carried out with postinne result (dye test 1 6250)

Course  The temperature became normal m three days  In spite of ihis
the lymphaderopathy increased  €n December 22 tender Iy mph nodes were
found 1a both axtllae and mguina

Ondischarge on December 20 1 ¢ approximately one month after commence
ment of the discase there were no complamts except for pronounced fatigue

On follow. 4p on Tebruary 23 1995 the lymph nodes that were previously
aflected showed no change and 1n addition new very tender nodes were found
along the left border of the traperus

Fie and one half months after the recogmition of lymphadenopathy the pa
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Examination for loroplasmosis  On the 3rd, 15th and 2>th of November the
1st and 29th of December 1952, and the 20th of Apnl 1953, the dye tests were
11250, 1 6250 1 6250, 1 620 1 6250 1 6250 The CF tests on the same
dates noserum 1 256 1256 =1 128, 2 1 128,1 32(64)

The blood sample, tested for heterophile antibody on October 17, did not con
tam Toaaplasma antibody (dye test < 1 10,CFtest < 1 2)

Isolation of Toxoplasma On December 1 1952, a lymph node was exased
from the nght axilla and a strain of Toaoplasma was 1solated by woculation
wtrapenitoneally in clean mice (TABLES 7 and 8)

Treatment Procame pencillin 300 000 umits for five days without any effect
on {emperature

Source of infection uncertamn  The patient had often eaten raw meat and
raw eggs, the last time about one month before the onset of theillness Hehad
been stung by gnats and 1t had been obsers ed that birds had been eating of the
famuly s food stored on a balcony 1n the open air

Summary A 39 year-old brichlayer was suddenly taken 1ll with chuils fever
0f 408° C and moderate headache malaise and shght sore throat On ad
mussion to the hospital five days later the general condition was unaffected
On chnical examination there was only some redness of the fauces and a tender
angular 1y mph node on the left side . The preliminary diagnosis was tonsil
itis glandular fever and continued fever As a relative lymphocy tosis and a
negative reaction to a Paul Bunnell test was found seroreactions for toxoplas
mosis were performed on the 24th day of 1llness with positive results (dye test
11250) Renewed examination reyealed moderate axillary and inguwnal
lymphadenopathy

In this case a significant rise 1n titer was observed sinultaneously with the
development of the Iy mph node swellingand the Iy mphacytosis  The diagnosis
was finally venfied by 1solation of Toxoplasma from a Iymph node biopsy 1
days after onset of the diseace

The course was prolonged and uncomplicated except for a febnle retinop-
athy  The temperature remained elevated for 43 days and the patient com
planed of fatigue for about four months On follow up six months after
commencement of illness the patient was fitand weil but ly mphadenopathy was
still present the dye test beang 1 6250 and the CT test 1 32(64)

Case Vo 10 (tapLe 7 FIGLRE 2)

History (Case No 2/16/54 of Department I' of The Copenhagen County
Hospital Copenhagen)  This was a 20 year old probationary nurse pre
viously healthy apart from myxoedema diagnosed 1 19+3 angina tonsillans
n August 1954 (differential blood counts normal) considerable anemia (66
per cent) i September 1954 and febrile catarrhalia from October 22 to 28
1954 \Without any previous sy mptoms particularly no chills fever or angina
the patient discovered on November 18 and 19 1953 5 tender swelling 1n front
of the left ear  Since this increased 1 size during, the subsequent days and as
a similar swelling occurred an front of the nght ear she was admitted to hospital
on November 24 1954 with a diagnosis of adenitis  The patient felt unwell
and fevensh but otherwise there had been no sympioms
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On admission 1o hospital for ademtis six day s fater vhe yenerat condition was
unaffected except for pronounced fangue and the temperature was ondy
31 © fof about thrie days  The chancal cxamination showed npothung 2b
normal ewept for reduess of the fauces and swollen tender lymph nodes m
front of the ears m the ocopial regon and on the ok The fsboratory
eamnation showed increased sedimentation rate relatne iy mphocy tosts posy
uve thymal turbidity test and ncgatne Paut Bunnedl test Serareactsons for
tovoplasmosss were perdormed with positine results (e test 1 6250 CF yost
1178} Mier thne wechs confinement 10 bed the pavent was discharged
sbout ene month after commenceruent of the disease  There vere no comph
ations but prosieunced fatigue  The ly mphadenopathy was still present five
andone hall months after the onset and at that tume Toxoplasma vere 1solated
from a lymph nede vemosed by iopssy from the left ocupstal region

Case Yo B{7Toir5Gand )

§ nonfebrile form 15 alse seen 1n whach the entarged tymph nodes are often
discor ered by the panents themsebves or by thewr mothers as 1 ths case of &
17 year-ald schoolboy i whoma hard cerv3cal by mphadenopathy was observed

History {The Linsen Institute ¥ echatine Qutpatient Depariment Case \o
76566 and Blegdamshospnalet Lpndemic Hospital of Copenhagen Tase Mo
13/40 V12 year-old boy previously i good health observed by acadent
about October 14 a swelling (not tender) on both sides of the nech  There
wete no other symystoms ho temperature and the general conditton was com
pleiely unaffected s the snellin, persisted the mother consulied the phys
a2 weeh later because of fear of a mahignant condition

Ot exammatvn the general woodition was wnalfected and the termperatute
normal  Except for by mph nudes the size of beans on both sides of the nech
not tender there wete no other syns parteulatly 90 exanthema no respita
tory carchac muscular or nevrologial signs thete was no generatized lymphad
enopathy or enlargement of the spieen or iner

Duognosrs The prebmunary diagnosss was streptococca infection nfe
Yous mononucleosis { ) loxoplasmosts {#) and cenical adembs

Because of the ds wn of iy mphadenop and celative iy mpho
Qs serorcactions for tonoplasmosis were varmed out on the it ting of the
practtoner 3 Rent on Zovember 3 with postive resufts ye test 1 6250
CF test 1 63(128))  Seven and one half neehs after commencement of the
disease a lymph node was remoned from the nght side of the neck and Toxe
blasma were isolated by imtrapentoneal noculabion mto mye

The course was bemgn with po newrologial complications or £)e sympioms
The suelling of the by mph nodes was still present seven months alter onset

Tuenty tno months later the pattent was admiteed o the Bpdenae Hos
sl Copenbiagen wath a chmcally typical infectious mononucisoss  There
was generabized lymphadenopathy the Paul Bunnell reaction was positive

(1 128 absorption ad wedim Davidsohn typical) leucocytic count 18 500
diffesential count polynucfear wells 7 per cent cosmnephids 1 per cent large
Yy maphiocy tes 00 per cent smaB Iy mophoryses 3 per cent and monacy tes 3 per
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tient still felt tired but was able to carry out her work  Lhe tender cnlarged
Iy mph nodes still persisted A lymph node was removed from the left ocapntal
regron and Toxoplasma were 1solated

On follow up about three and one half months later, the patient had been
fit and well for one month  Ihe lymph node swelling was decreasing but still
tender  lhe dye test was 1 6250 and the CI test 1 32

Trealment Confinement to bed for three weeks and pemallin mjections for 17
days (dipemaillin 400 000 units, for 4 days and G penicilin 1 milhion umts
twice a day for 8 days)

Source of nfection The family was healthy and there were no similar cases
at the patient s place of employment  The patient had caten raw eggs but no
uncooked meat or mik

1 aboratory findings Hemoglobin value 95 to 89 per cent  Lrythrocyles
counts 48 milon  Index color 088 and 101 Scdimentation rate on No-
vember 26, December 6 1924 and May 26 1955 30 21 and 27 mm per hour
(Westergren) T eucocytic counts on November 13 and 26 Deccmber 4 and 14
January 1 and May 26 195 3600 ~400 /700 3600 5900 7800 The
differential counts on the same dates were segmented >3 per cent 39 per cent
42 per cent 4> per cent 33 per cent 46 per cent unsegmented 1 per cent, 1
per cent 3 per cent 1 per cent 1 per cent 1 per cent, eosinoph:ls 4 per cent,
0 per cent 1 per cent 2 per cent 2 per cent ( per cent basophils 0 per cent
O per cent O percent 1 per cent 2 per cent 0 per cent monocytes 3 per cent
O percent 2percent 4percent 6 percent 4 per cent lymphocytes 39 per cent
60 per cent 52 per cent, 4/ per ccnt 58 per cent 49 per cent the large iy mpho
cytes were atypical similar to cells seen in infectious mononucleosis Thymol
turbidity test on December 9 and June 13 052 (posittive) and 013 Ic
terus index (Meulengracht) 6 Urobilin negative  Urobhilinogen neative
Serum bilirubin 048 my, per cent  Talata Ara test negative  Antistrepto-
Jysin titer on November 26 and December 10 220 and 200 W assermann reac
tion negatne  Paul Bunnell test on December 6 and 14 negatne (<1 8)
Throat culture no growth of hemoly t1e sireptococa

X rays of the chest no enlargement of the hilus shadows

Ophthalmoscopy Normal

Electrocardiogram Normal

Examnation for toxoplasmosts  On December 8 and 17 January 19 Tebru
ary 23 March 31 June 13 and August 28 the dye test titers were 1 620,
171250(6250) 16250 16250 11250 16250 and 1 6250 The (I titers
on the same dates were =14 1128 1128 164 1 64 1 32(64) and 1 3

Isolation of Toxoplasma  On May 5 1935 a lymph node was removed from
the left ocaiptal region and Teaoplasma were 1solated by intraperitoneal mocu
Jation into muce (TABLLS 7 and 8)

Summary A 20 year old woman had previously been 1n pood health ex
cept for myxoedema (diagnosed 1953) angina tonsillars m August 1924 con

siderable anemia 1n September 1954 and febnle catarrhalia from October 22 to
1954
28011 November 18 and 19 the patient discovered a tender lymph node 1n front
of the left ear and a few days later a similar one on 1he npht side



Sum Clinical & Pathological Aspects 192

TOXOPLASMOSIS ACQUISITA LYMPHONODOSA
SUB-CLINICAL FORM
IN A 12-YEAR OLD GIRL

ISOLATION OF TO OPLASMA
rRou
LYMPH NODES

OYE TEST

CF  TEST

HOSR ADWISSION
ﬁL Tt
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29 18 20
1534 noV vec 1983 APRIL
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apparently somatically healthy was admitted to hospital for observation for
an oligophrema of about nine 3 cars’ duration

Iistory (Case \o 1169 54, The Children s Hospital Unwersity of Copen
hagen) A 12 year-old gurl previously in good health was admitted to hos-
putal for closer obscrvation for oligophrenia which started at the age of about
three years without previous acute infection or trauma of the head  Except
for minor catarrhal disorders the patient has not been 1l dunng recent years
In particular she had had 1o attacks of fever

On admission on November 26 1954 the general condition was unaffected
there were no complaiats and the temperature was normal  On neck body
and proximal parts of the thighs the remains of exanthema (pityrasis rosea
like) were scen  Except for a left sided strabismus no signs were present
Particularly no respiratory cardiac muscular or neurological signs  There
was no enlargement of Iner or spleen

Dy The prel d was oligopl and on routine
examination for tosoplasmosis (carried out at that time on all neurologcal
and psychiatnic patients) positne seroreactions were revealed At the same
time on renewed examination lymph nodes the size of cherrses were found in
both axillae and Iymph nodes the size of peas 1n the inguen  There was no
adenitis on the nech and no swelling of the cubital ly mph nodes  The lymph
nodes were smooth hard mobile and were covered by normal shin
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cent  The thymol turbidity test was positive (04), dye test, 1 50(20),
CF test unreadable

Follow up  Three years after the onset the patient was fit and well there
was no lymphadenopathy or enlargement of the spleen The dye test was
1 50(250) the CF test 1 8

Treatment  Except for Finsen Light, no therapy was mstituted

Laboratory eaamination  On October 50 the hemoglobin value was 99 per
cent sedimentation rate, 10 mm per hour (Westergren) Leukocytes counts
on October 30 and November 13 5000 and 5400 Differential counts on
these dates neutrophil leubocytes 18 and 30 per cent, eosinophuls 6 and 42
per cent basophils, 2 and 0 per cent, lymphocytes, 70 and 58 > per cent mono
cytes 4 and 7 per cent The large lymphocytes were atypical  Antistrepto-
lysin titers on November 14 January 19 and May 18 400 140 and 250
Throat culture no growth of hemolytic streptococcr  Wassermann reaction
negative  Paul Bunnell test negative (<1 8) on November 3 and May 22

Examination for toroplasmosis  On November 3 December 6 1922, January
19 1923, May 18 August 27, 1954 September 5, and on September 25, 195,
the dye test readings were 1 6250, 1 6250 1 6250 1 1250 1 50(20) 1 50,
1 50(250) The CF test readings on the same dates were 1 64(128), 1 128,
1 64,1 8 not enough serum unreadable and 1 8

Isolation of Toxoplasma On December 6 1952 a lymph node was removed
from the nght side of the neck and a Toxoplasma strain was 1solated by intra
pertoneal mjection into clean mice (TaBLES 7 and 8)

Source of wfection uncertain  The patient often ate raw meat and raw eggs
The famuly the members of which were healthy had a cat which had not been
1ll (serological tests could not be performed)

Summary A hard cervical Iy mphadenopathy was observed by acadent
by a 12 year old schoolboy  The general condition was unaffected the tem
perature normal and there were no other symptoms or signs ~ One week later,
the phy sician was consulted because of the fear of malignancy  Swollen cervical
lymph nodes and a relative lymphocytosis (74 per cent) were found The pre
Limmary diagnosis was streptococcosts ademtis nfectious mononucleosis ),
toxoplasmosis (?)

The sereoreactions for toxoplasmosis were strongly positive [dye test 1 6220
CF test 1 64(128)] A lymph node was removed from the nght side of the
nech about seven and one half weeks after onset of the disease and Tozroplasma
were 1solated from this biopsy by inoculation 1nto mce

The course was uncomphicated ~About 22 months later the patient de
veloped a climcally typical infectious mononucleosis with charactenstic hema

tological and serological findings  The dye test was 1 50

At follow up examination three years after onset the patient was fit and well

There were no palpable ly mph nodes  The dye test was 1 50(250) and the CF
test 1 8
Case Yo 9 (TABLE 7 FIC URE 3)

A subchcal form in which the Iymphadenopathy 1s found 1n the course of
routine examination or among contacts of venfied cases A 12 year old girl
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Climeal Course

The State Serum Instutute receives blood samples from the whole of Den
mark and because of the small size of the country 1t has been pos ible to ex
amine the patients personally and to carry out follow up examinations 1n close
cooperation with the ho putals and general practitioners

Generally the disease runs a benin course most of the patients making
complete recosery  [he enlargement of the lymph nodes however persists for
61012 months or even longer  1n some of the cases consalescence 1s accom
pamed by pronounced fatiuc over a pened of months perhaps because the
muxles have been affected as part of a generabized infection

o comphcations from the central nenous system or heart have been ob-
senved  Inonly one of about 100 cases a chororetimtis was sen the etiology
of which could not beascertained  Ina three yearold il howeser a lympho-
sarcoma developed later  VMal Iymphadenopathy has been obsened
n one other pnucnl with acquired lmnphsmo:ls whether thus 1s purely comna
dental will be the subject of further imestipation

Serologieal Findings (TBLr 2)

The seroreactions become positive sithin about a month and reach titers of
11000 10 10000 1n the dye test and 1 50 to 100 1 the CF test  \Valuable
wformation can be obtained when both reactions are carmied out simultane
usly because the CI test becomes positive later than the dye test and becomes
negative again earlicr than the dye test  The combination of a positive dye
test and a negatine CI reaction wil! therefore be found bothin the acute staes
of the infection and also dunng convalescence

With regard to the speaifiaty of the scroreaction  at the present moment
mavimum posttine titers in both reactions can be considered cpecmc because
previously all venfied cases of both 1 and acquired
bave been accompamed by such positne reactions  On the other hand 10
creased titers have never been found regularly in any other disease condition
of well-defined etiology ~ The problem 15 still open to imestigation however
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In order to confirm the serological diagnosis a lymph node in the nght inguen
was exased on December 20 and four months later a lymph node was also
removed from the nght astlla  In both cases Toxoplasma were isolated by m
Jecting a lymph node suspension intrapentoncally nto muce

Laloratory findings  Hemoglobin value, 80 to 90 per cent  Sedumentation
rate 6 mm per hour (Westergren) On December 8 the leukocy tic count was
6440 Differential count neutrophils unsegmented 1 per cent segmented
44 per cent eosinophils 2 per cent small lymphocy tes, 48 per cent monocy tes
> per cent thrombocytes 95000 The unne contamed no albummn  Moro
tuberculin test negatne Wassermannreaction negatine Paul Bunnell test
on December 18, negatne (1 16)

\ ray of the skull No calaification

\ ray of the ches! Nothing abnormal

QOphthalmoscopy Nothing, at 1

Electroencephalography abnormal, with a focus in the nght occipital region
Spinal tap not performed

Evammnation for toroplasmosts  On November 29 and December 18 the
results of the dye test were 1 1230 1 6250 The CI tests on the same dates
showed no serum 1 128

Isolation of Toxoplasma A lymph node was remov ed on the 20th of Decem
ber 19>% from the nght inguen and on the 4th of Apnl 1935, from the nht
awlla  Inbothinstances a stram of Toaoplasma was 1solated from a suspension
of the lymph nodes by intrapentoneal inoculation into clean mice

Eptdemiology  The family the members of which were healthy Ined ima
prate house They kept no pet animals but several cats came mnto the
garden  The father stated that the patient wasvery heen on eating raw minced
porh whenever she could get the chance

Summary A 12yearold girl apparently somatically healthy was ad
mtted to the hospital for observation for an ohyophrenia of about nine years
duration  There were no chnical findings on admission  On routine exam
mation for toxoplasmoms positive reactions were found (dye test 1 620 CF
test 1 128) Swollen but not tender lymph nodes were then found in the
anillae and groms  The diagnosis of tuxoplasmosis was confirmed by the 1sala
tion of Toxoplasma from a lymph node biopsy from the night inguen and also
three and one half months later from a lymph node from the nght axilla

Phvsical Signs

Eacept for the Iy hv the ciniat 10n 15 often normal
The enlarged lymph nodes are of hazclnut to walnut size  They may be tender
dunng the first weeks of the disease but later they are usually pamless The
nodes are firm and discrete with smooth surfaces and there 1s no attachment
10 the underlyng tissue The cnerin, shin 1s never affected does not 1tch
and necrosis or formation of fistulas have never been observed The lvm
phadenopathy 15 often generalized the swollen nodes being found 1n the sub
ocaipital region on the nech in the aalla and in the grom  Sometimes how
ever the Jymph nodes are affected in anc superticial reion onty  Enlargement
of the hilus shadows may be present  The spleen 1s seldom palpable
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Tanrx 4
Covpirions v Waicnt Sertn Testing ror TororLasuo is 1s Inpreaten

Fever of unknown ongin
Lymj hadenc pathy (tuberculoas svyhulis mal gnant discases metastases)
Infectious mononucleosis (Maul Bunnell test negative)
Lymphocyioss, relati ¢
Encephalius (with exanthema)
rous meningts
Franthematic diseases (tyg bushike)
My ocarditis
Chonaretinius.
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meg o

Tarie 5
THACNOSIS O ADaissION

Fever of Lrknown O ign
Cervical
Lympbadenopatb {Lnnersal
abesculosis

Iafecti us mononucleosis
Leuces Hedglams Dcse

arcinoma of
Nasstases {00 O TG st
Adepophlegmone  \Mumps

duagnosis from cases of mild glandular fever will often present difficulties as

long as the etologic agent of this illness remains undiscovered and therefore

specific diagnostic seroreactions are not asailable  The posiive Toxoplasma

seroreactions will make a diagnosis of toxoplasmosis probable and the demon

stration of pathological changes in a 1y mph node bmps) and posnue 1solation
The

expenments will contirm that di 1 char
acter of the two discases will be clear from the fact that cases have been ob-
served with typical serol 1 chmeal andh I 1 features of gland

fever and that acquired 1 with }y mphad: hy has occurred

later 1 the same patient (Sum 19:2d) Furthermore the reverse has also been
obsened In a 12 year-old boy (Case No 8 TamLE 6) typical alebrle ac

TABLE 6
Areaants Foa or Tosoruasuosts Seguistza Luurionopocs o 4 12 3748 o3
ox (CasE o §) FOLLOWED 2 YEARS LATER B3 TYPICAL
INFECTIOUS MONONTCLEOSIS

N apm ( A g2 195
Dyetet 1 6250 150 (250)
CF test . 1128 ! —
Paul Bucnell <18 1128
Absorption test (Davidsobn) | — Typicat
Lymph nod
istology” | Ty

logy
Tsolation of Tosoplasma Positine
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Tamie 3
FxaMIvATION OF BLoop 1¥ 10 Cases of ToxOPLASMOSIS ACQUISITA L¥MPHONODOSA

€ no Ag tmgy | JESR | wec  [Mononsclar| ayp cells [Thym Ltut

1 17 y1s 9 18 6200 74 + 018
2 28 vrs 90 10 3500 375 - 034
3 583rs 82 9 1060 58 + o1
4 33rs 84 16 5300 72 -

5 2iyrs 93 8 8100 31 - Q13
6 16 3rs. 106 1 5500 375 - 010
7 39 ves. 83 58 7600 46 + 02
8 12 3rs 9 10 5000 i + -

9 12 y1s. 80 6 640 53 - -

10 20yrs 89 36 7:00 54 + 05

and the possibility exists that future work may reveal an antigenic relattonstup
between Tozoplasna and some other orgamsm It should be borne m mind
that positive dye tests have been reported as having occurred 1n animals
wfected with sarcosponidia and Trichomonas (Muhlpfort Awad)

On laboratory examnation (TastE 3) the main chinical finding 1s a relatne
1y mphocy tosis with up to 50 to 70 per cent lymphocytes the large ones having
an appearance somewhat similar to the Mchanlay cells found mn glandular
fever  The hemoglobin value 1s normal or only shightly reduced, and the total
feukocy tic and platelet counts are normal  The sedimentation rate 1s normal
and most often only shightly increased The thymol turbidity test may be
positne especially n the febnle cases and it changes from negatwe to positine
values m the acute stage of the disease (Sum 1952a)  The liver function tests
arenormal The Wassermann reaction and the Paul Bunnell test are negative

The microscopic examination of Iy mph node sections reveals a reticulum-cell
hyperplasia (Sum 1951 1952a Landau 1951) and 1slands of large eosinophiic
cells scattered over the whole of the section (Bang 1953 Stanton and Pinker
ton 1953) The histological prcture 1s so characteristic that when demon
strated 1n a Iy mph node biopsy 1t will justify a seroreaction for toxoplasmosis 1
order to obtan confirmation of the diagnosis

Differential Diagnosis

As the climeal features of acquired toxoplasmic infection are by no means
charactenstic for this disease exclustvely 1t 1s apparent that 1t 15 smpossible to
dagnose toxoplasmosis on the climical picture and clinical laboratory findings
alone On the contrary the possibihty must be taken into consideration of
the enistence of various other disease conditions n which fever of unknown
ongin lymphadenopathy exanthema memingoencephalitis pneumoma or
myocarditis also occur (TAnLE 4) The prehminary chinical diagnoss can be
conhrmed only 1n the laboratory by the demonstration of Toxoplasma anty
bodies 1 pawed blood samples and by the tsolation in dlean laboratory mice
or tissue culture of the parasite from blood spinal fluid lymph node or muscle
biopsies OF from specimens obtained post mortem

The various diagnoses on admussion are shown in TasLE 5 The differentral
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ACQUIRED TOXOPLASHOSIS WITH LTHIHADINOPATHY
IN A PREGNANT 29 YCAR 0L WOMAN
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mentally have been successiul * Venfied <asts are reported from almost il
parts of the world not enly among wild anmals such as hares rits and pigeons
but also among pet dogs and eats and i domestic ammals  pips @ttle sheep
rabbits and hens The widespread occurrince among ammals Iving i the
dlesest contact with man 1s of epdemiological importance and provides rich
passibibities for infection but at the same time 1t makes epidemiolegical studies
extremely difheult  The following, po sibslities shauld be considered

(1) Toxoplasma harve been feund m unve from rabbits and dogs n feees
fram dogs with hemorrhagu «oltus 1n superhaial necrotic foar m spontancously
infected pigeons (Bienng Sgrensen)  Toaoplatma preudacy sts have been dem
angeated tn the avaties of naturally infeeted hens (Bienng, Sgrensen) <a that
st seems po s ble that raw o8 mght benfected 7 neplasma are also present
m mlk and  the muscles of maturidly wftaoted mmals

(?) The meede of entry 18 not known bul 1t 34 { os able 10 1pfect animals eapert
mentally via the mucous surface of the ev¢ the upper resprratory tracts and
the vagna and elsa by fealing  Laxaplasms hane also buen found to pene
trate cavefully shaved shin

3) Yhe mude § irormmson am mly b apested contumnation of food
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quired tosoplasmoais with swelling of the lymph nodes on the nech was followed
21 months later by a chnically serologically, and hematologically charactenstic
glandular fever Inally the Toxoplasma seroreactions have not yct been
found positive 1n infectious mononucleosis, and 1n cases of ventied toxoplas
mosis the Paul Bunnell test has hitherto been negatne

Tt wall also be seen from Tancs. 4 that n establishing a diagnosis of {oxoplas-
mosis, 1t has been possible to exclude the existence of tuberculosis, mahgnant
discases, eg leuhosis Hodghins discase, or metasiases (carcinoma of the
breast mediastinal tumor)

Treatment

1he sulfadiazine and Darapnm (2,4’ damuno 5 p chlorophenyl 6-ethylpy
nmidine*) as recommended by Lyles i 1923 has not yet been used in our
febrile cases because a diagnosis of toxoplasmosis has not been made m these
cases until a rather late stage of the discase

In the few cases 1 which penicilhin has been tried, no effect on the fever or
Iy mphadenopathy has been observed

Prophylazs

The congenital infection 1s acquired 12 ulero, as manifest symptoms may be
present at birth and also since the pathological changes at that tme may al
ready be of older date  Despite this and 1n contrast to the severe infection in
the chld the majonity of the mothers have apparently been healthy, without
any history of definite illness previous to or dunng pregnancy  On postnatat
exammation no charactenstic signs of disease have as yet been demonstrated
A «ase of afebnle lymphadenopathy n the third month of pregnancy however
has been observed in a 29 year old mother who later gave birth to a chuld with
typreal congenital toxoplasmosis (F1GURE 4} The titers of the seroreactions
sa the mother were slightly mcreased 1n the acute stage of the disease but both
the dye test and complement fixation test became strongly posmive later

A similar case has been reported by Tarqubar and Furner (1949)

The detection of acquired toxoplasmosis in pregnancy 1s still the only possible
way of preventing the tragic cases of congenmital toxoplasmosts i which the
severe damage to the brain and eyes is irreparable and for which no speaific
therapy has as yet beun devised  Therefore the most thorough examination
should be carned out when prepnant women show evidence of mexpheable
fever lymphadenopathy or fatigue The safest wourse would be to advise
that preghancy be avoded in the chinieally and serologially acute stages of

1 where the | y might exist of the presence of

acquired toxof
Tosoplasma m the blood

Lprdenology

Although all reports on toxoplasmosis 1n amimals hasve not yet been con
firmed by the isolation of the orgtiusm  there scems (o be ao doubt tha( warm
blooded animals are susceptible at least all attempts to infect thum cxpen

B shWlom &Co L T ke N3
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Toxoplasma i the pentoneal exudate  The rest of the ammals—o50 apparently
healthy m; e—were examuned after a pened from 38 days to 10 moaths follow

g moculation  On serological examination 52 of the 56 mice tested showed
dye test titers from 1 10 to 1 6750 The strams cannot be distinguished

either morphologically or by staming techmques from Sabin s strame RH  In
cross-neutralization tests using two of the human stramns and one hare strain
as anugens 1n the dye test no difference could be demonstrated 1n the titers of
vanous human and ammal sera from proved cases (Chnistiansen and Sum

1951) (ramre 9)
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and the ingestion of raw meat, mlk, and eggs from nfected apimals and
droplet infection  Transmussion by blood sucking amimals should also be taken
nto consideration  In the laboratory, one case was reported after the bite
of an expenmentally wfected rabbit (Lichenwald) Transmission from man
to man has not been observed for certain except in the congemtal cases

(4) Reststance of Toxoplasma  Although 1t 1s known that Toxoplasma are
sensitive orgamsms that do not resist heat desiccation, chemical compounds,
efc , further expeniments are necessary to eluaidate how long Toxoplasma can
survnve for instance, 1n the meat of slaughtered animals and 1n raw eggs  Itis
possible that the pseudocysts will exhubit a considerably greater resistance
than jsolated orgamisms, for example against ventncular juice

Isolation Expersments

Techurgue Lymph nodes are remon ed surgically, minced with scissors and
saline 15 added to makea 1 5> to 1 10 suspension Then 05 cc of this rather
coarse and not only the sup flud~s injected intrapert
toneally mto clean stock mice bred at the State Serum Institute, n which
spontaneous infection has never been found to occur  In the present mocula
tion expenments alternate mice were taken as controls, and all the 91 control
ammals showed negative dye tests when discarded at the same tune as the
moculated mice The ligh percentage of takes, 1 contrast to the purely
negative controls excludes the possihity of a spontaneous infection in the
stock mice  The infection only rarely Lills the animals but most often runs 2
subchimcal course  Accerding to Aagaard s technique the ammals are hilled
after about six weeks a dye test 1s performed on heart blood and subinocula
tions are made from the brain  After moculation with a Iymph node suspen
sion Toaoplasma antibodies develop rather slonly the dye test first bemng post
tive three to four weehs later Therefore 1n routine dagnostic tests the
ammals are ohserved for four to six weeks Instead of using heart blood the
dye test can be performed on samples of tail blood thus allowing the mice to
Ine for further observation It 15 not necessary to carry out subinoculations
as all mice tested have deseloped antibodies already 1n the first passage

Toroplasma were demonstrated microscopically 1n all cases m the pentoneal
exudate

Qur first strain was recoyered 1n 1952 (sce 1952c) and subsequently several
stramns have been obtamed (Sum 1952 1933a 195%) also by Armstrong and
MacMurray (1933) Cathie (1954} and Desmonts (1932)

The results of 11 1solation expeniments using lymph node matenal from 10
patients are shown 1n TABLES 7and 8 Of these patients 6 were female and
2male the youngest being a boy of 3 years and the eldest a woman of 58 y ears
The lymph nodes have been excised from the ocuprtal retroauncular axillary
and mguinal regions 6 » eeks to 5 > months after onset of the disease  In Case
No § a strain was first isolated from a lymph node from the inguen and 3>
months later from an axillary bopsy  In all cases charactenstic histopath
ological changes were demonstrated

In all 57 mice were woculated of these, only one died on the 13th day with
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TasLe 9

Dve Test TiTers USING DIFFERENT STRAINS OF
TONOPLASMA AS ANTIGEN

To oplasma t

Serum H man

H N o1

R N oy | (Chotae)

(sab ) (€ase D)

Human Case No 462 6250 6250 1250
Hare N\o 3558 1250 1250 1250
Hare “\o 3539 6250 6250 6220
Dog \o 116 250 250 250
Rabbit \o 1389 6250 6250 >1250
Rabbut o 1391 6250 6250 620
Silver fox No 1493 1250 1250 1250
Silver fox Mo 2263 1250 1250 >20
“Monhey Yo 445 (inoculated with RH) 1250 1250 1250

In protection experiments rabbits surviving infection with one of the strains
1solated were immune to a challenge three months later with 0 2 cc of 2 pen
toneal exudate (containing 29 million iree Tosoplasma per cc) njected ntra
cutaneously

Unpublished espeniments show that expenmentally infected rhesus monkeys
have developed a disease very similar to that observed in humans  Further
more toxoplasmic Iymphadenopathy has been found 1n a case of laboratory
wnfection i which a techmaan priched his finger on an infected (RH stram}
needle (Beverley Skipper and Marshall 1955)

Ammal experiments show that Toasplasma nfection 15 carned via the blood
stream and Prior et @l 1953 have 1solated Toxoplasma from the blood of
humans The occurrence of a generalized 1y mphadenopathy and the 1solation
of Toxoplasma from lymph nodes from vanous regions m the same patient
(Case 9) also indicate that the infection 1s gencralized This concept is sup
ported by solation expertments n which the parasites have been recovered
from muscle biopsies in patients with toxoplasmic ly mphadenopathy (Sum un
published studhes)

Summary and Conclusion

(1) Toaxoplasma have been 1solated from enlarged Ivmph nodes excised from
patients with charactenistic chinical Instological and serologucal findings

(2) The strain 1solated has been wdenufied as Toaoplasma gendiz by morpho
logical seroloical and pathogenic criteria

(3) A signtficant nse 1. serological titers has been demonstrated 1n the acute

phase of the disease ly with the dev of the Iy mphadenog
mhi 5 has been reproduced mn rhesus monheys and u simar

Toxop
disease has been reported 1n a case of laboratory infection



THE LABORATORY DIAGNOSIS OF TO\OPL\SMOSIS*

By Henz 1 Etchenwald
Depurt ent of Pediatrscs The New §ork Hosputol-Corncll Medical Center New York % 1

The 1solation of Toxoplasma from a patient 1s of course the most convincing
demonstration that this organism 1s present in the host  Unfortunately even
i active infections atas difficult 1o 1solate these protozoa from an intact host
and one 15 forced 1o resort to more ndirect methods

It1s my intention to discuss rather briefly our expenences with the varous
diagnostic tools available omitting however, all references to pathologic
techmques since these will be discussed clsew here 1n this monograph

Basically laboratory methods fall into three classes (1) 1solation of the
orgamsm  (2) serologic tests of vanous types and (3) cutaneous tests with

Texoplasmins

\s alrcady mentioned isolation of Toxoplasma from an mtact patient s
fraught with dafficulty ~ Wath suntable techmques and carcful attention to de
tail however orgamsms may sometimes be recovered from the blood bone
marrow  cercbrospinal fluid and if avarlable from biopsy matenal of lymph
nodesor otherorgans  In the chronic phase of illness, parasites are occasionally
found 1n stnated muscle tissue  Visual demonstration of the organisms s
rarcly successful in these tissues or body fluids amimal chick embryo or tissue
culture 1noculations must be used to insure any degree of success  Of these
three host systems amimals are probably the most sensitive ind1 ators of small
numbers of organisms  Tissue cultures are less sensitive and chich embryos
are the Ieast useful in this respect

Unfortunately chromc latent toxoplasmosis 1s not uncommon in most  pecies
of laboratory animals Tor these reasons 1t 15 advisable to test the animal
colony at frequent ntersals for the presence of this type of infection and to
perform blind passage of ussues from normal ammals at the time that the at
tempt at 1solation 1s made

In our expenence mice hamsters and gunca pigs are most sensitine to the
mfection  Occasional strains show an mitial low virulence 1o one or the other
of these hosts It 1s therefore wise to utihize several different species for each
ssolation attempt

It has been demonstrated 1 our laboratory that several modifications
technique result 1n an increase 1n the sensitivity of the method

In the first place since Toaoplasma do not survive well outside the host
moculation of the test ammals should be accomplished 1 the shortest possible
tune It 1s our practice to gnnd tissue to a fine suspension utihzing a 20 per
cent serurn 80 per cent buffered saline mixture or to centnfuge body fluds and
to resuspend the sediment 1n serum saline  The use of serum 1n the suspension
medsum decidedly 1ncreases the sensinvity of the procedure  To present
bactenial growth pemicillin and streptomycin may be added at concentrations
of 100 umts and 300 ug per malliliter respectively

Thes  eigt td LyR ea b G t Eost RAE®E fth Nt 1T
sttt tialth P U B 1w b b Fhesd 20
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the dye test partially or completely  For our test system we therefore use a
suspension of washed Toaoplasma — Ihe use of silicomzed glassware matenally
axls n minimizing, damage to the erpanisms dunng, this manipulation which 15
carnedd out as expeditiously as possible
Beciuse of the frequent occurrence of a prozone phenomenon 1t 1s our prac
tie to carry ont a full range of twofold dilutions By yeneral usage the dye
test titer 13 detined as the highest oniginal dilution of serum that 1n the presence
of a cunstant amount of acessary factor 1s capable of presenting the stumng
of the cytoplasm of 50 per cent of the extracellular Toavplasma  Since how
ever & number of vanables vicur we alw1ys include a standard serum in each
test run as wedl as three scts of control tubes consisting of (1) the Toroplasma
su pension (2) the Tosoplasma su pension plus accessory factor and (3) the
Toxoplasma suspension accessory factor plus saline
At least 90 per cent of the orgamisms in all control tubes should be well
staned otherwise the test should be discarded
The dye test becomes positive earlser than the complement fiaing reaction
and has usually reached high levels by the end of the second wech after infec
tion  Inactine discase titers in excess of 1 1000 are found tn a month or so
These antibodies tend to persist in most individuals for a number of years
probably 1 excess of a decade although 1n gradually decreasing titer  Some
children with the congenital infection show a rather rapid decline 1n their ants
bodies so that by the age of two to four years the dye test may be positive only
i dilutions of 1 4 or less  Whether the persistence of antibodies i most 1n
dniduals 1s assocated with a chromic infection 15 not known  Expenence with
anmmals indicates that the antibody lesel may fall while organisms still persist
1n the host Ve had the opportumty to study one mfant with the congemtal
disease who succumbed at the age of 19 months as the result of an unrelated
event  Shortly after barth thus infant had shown dye test titers of above
11000 and at the age of 6 months his antibody level had begun to decline
reaching 1 128 a few weeks before his death  The complement fixation test
sumilarly dimmshed from 1 ¢4 to 1 4 \envertheless at autopsy Toxeplasma
were readily 1solated from brain tissue but not from other organs
If the antibody titer of an adult patient without active disease 1s followed
closely 1t may occasionally be noted that over a period of weeks or months
the iter fluctuates up or down by several dilutions without any apparent cause
This fact must be considered in the nterpretation of serologic data a tash
further complicated by the fact that a large percentage of some normal adult
groups show dies 10 Toxopl Transpl; ! transfer of
lhese antibedies te normal infants occurs  a positine dye test 1n a newborn
does not necessanly mean discase  The examination should be repeated after
w0 months when passively acqured antibody will have decidedly dimimished
In my discussion so far I have repeatedly zeferred to the complement fixa
tion test I should now like to discuss 1t 1 more detail
While this test has the grest advantage of not requinng the laboratory to
maintain a stramn of Toxoplasma, 1t has proved useful only as an adjunct to the
dye test
Complement tixing antibodses appear 1n the course of the disease later than
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The admumstration of cortisone to the test animals for three to five days
prior to moculation increases the chances of recoverng Toaoplesma, particu
larly stramns of low virulence For example the 1D50 fiter of one strain of
Tozoplasme mawmntained i tissue culture measured 1076 in control anmimals as
agamst 10-° 1n mice pretreated with cortisone

Followng the mitial intracerebral and mtrapenteneal moculation we sacn
fice approximately half the ammals on the fifth day, and subinoculate brain and
spleen suspensions as well as peritoneal washings  The interval of five days s
chosen because immune bodies appear after this time, and the number of suc
cessful 1s0lations begins to dummsh  Our practice consists of performing at
Jeast six blind passages and observing all suryving ammals for one month be
fore sacnificing them to examine their tissues  We formerly performed serologic
and challenge tests on all survivors but our experience his not mndicated that
this will increase the number of positive diagnoses if cortisone treated animals
are used

If an orgamism morphologically simbar to Tovoplasma 1s 1solated 1t 1s not
sufficient to regard 1t as Toxoplasma on cytologic grounds alone  The parasite
can be 1dentified with certanty only by the use of serologic methods

At present three general fypes of serologic tests are available (1) the dye
test ongmated by Sabin and Feldman* (2) the complement fixation test? ?
and (3) neutrahization tests now carned out chiefly 1n tissue cultures

For diagnostic purposes the dye and complement fixation (CF) tests are
most useful  Tissue culture neutralization 1s of mterest chiefly as a research
tool to study cell parasite relation hips

Let us first discu»s the dye test This 1s undoubtedly the most useful tool
1 the diagnosis of all stages of Toroplasma mfection  The test 1s based on the
observation that both the cytoplasm and nucleus of the orgimsm when 1n
cubated with normal serum subsequently stains deeply with alkaline methylene
blue whereas after exposure to antibody contaiming sera only the nuclear
endosome takes the dye  Certain morphologic differences may also be noted
between neutralized and nonneutrah.ed Toxoplasma* These differences are
best revealed by phase contrast microscopy

A fairly large amount of a heat lable complementlike accessory factor 15
neces-ary for the reaction to take place While the Toaoplasma antibody 1s
quite stable the accessory factoris not  Sera contaimng at must be stored
the frozen state

The techmque of the test has been described in sufficent detatl in a number
of publications* 5 50 that I shall not discuss 1t I should Iike however to

mention a few factors that may affect the results
Dilutions of the test serum should always be made up 1n sahne so that the
amount of accessory factor remains at the same vofume 1 all tubes The
methylene blue buffer mixtuie must be prepared frcshly for each run I
mouse penitone1l exudate 15 used as the source of the Toroplasma this matenal
should be obtaned from the amimal no later than three days aiter tnfection
<ince otherwise antibodies 1n the mouse may adversely affect test results &

Like Leon Jacobs 7 we have found that a soluble antigen occasionally appears
10 the pentoneal exudate or tissue culture flwd 1n sufficiently hugh titer 10 block
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satisfactory  Because of the mherent 1mpliaty of techmque we generally
prefer to use cells grown on glass  falignant epithelial cells of the HeLa type
arestable casy to handle and cn readily be rown i almost unlimited quan
tty  Tryp unzed hidney nssue 15 also casily prepared and prown, unhhe
malgnant tssue the hudney ¢ells can readily be maintained 1n flutd devord of
serum - This property 1» of advantage hecause an occasional specimen of com
meraally prepared bosine, equince, or human serum shows some degree of anty
Toxoplasma activity even after mactnation

For the production of antiens or for other procedures where quantities of
organisms are desired stationary flat sided bottles are most useful since they
permit the growth of large numbers of cells  Tube cultures are entarely ade
quate when only small volunies are necded

The cells may be grown an any of a vaniety of nutrient media depending on
the type used  After an mtenal of from 5 to 14 days varysng with the cell
type and whether bottles or tubes are used the cetlular population 1s usually
adequate to permit snoculstion with Toxoplasma  If any serum has been pres
ent 1n the nutnent mediem we generally wash the cells twice with a mainte
nance flud then add the Texoplasma contaning inoculum and, finally the
maintenance solution

Orgamsms usually appear 1 the supernatant tn small numbers on the third
day after moculation  Maximum levels are reached three to five days later
At that ume approximately 10 to 12 mullion orgamsms per cubic centimeter
may be present in the fluxd  \lmost all of them are free floating extracellular
forms  The number of orgamsms produced vanes directly with the number
of available cells  Meanwhile the tissue under cultpvation undergoes diffuse
cytopathic changes and eventually 1s completely destroyed

Tissue cultures do not appear 10 be as sensitise a medium for the 1solation of
Toxoplasma as ase cortisone pretreated animals  Nevestheless these 1 wiro
methods are valuable laboratory tools since they permit the production of
large quantities of Toaoplusm 1 that are casily counted sedimented and washed
Relatively pure antigen can thus be prepared in concentrated form  Tissue
cultures also will become increasingly useful n the study of immune reactions
of cell parasite relationshups cell metabolism and possibly 1 the screening of
potential chemotherapeutic agents against Toxeplasma
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those detected by the dye test  They are rarely found earher than one month
after infection  They also dimimsh quite rapidly with time  For example, 44
out of 66 cluldren with the congenital disease whom we have followed since
birth showed no detectable complement fixing titers at five ycars of age By
the age of 7 2 had lost these antibodies, although all except 3 still had dye
test titers  Interestingly enough 32 of the 60 mothers had detectable CF ants
bodies 7 y ears after giving birth to the infected infant

Thus a posiuve complement fixation test 1n titers of 1 32 or above 15 indica
tnve of a relatnvely recent infection, but a negative reaction does not rule out
past contact with Texoplasma  As A B Sabin® has pointed out, 1nfants born
with highly active congenital infections occasionally have negatne CF tests
with strongly positive dye tests despite the presence of both high dye and CF
test values 1 the mother In wfants children and adults 1t 1s not possible
to correlate any level of dyc test antibodies with the presence or absence of
CF titers

Complement fixing antigen may be prepared 1n any of several different ways
We have employed chich embryos mouse brain pentoneal exudate and more
recently tissue cultures in the preparation of this material Pentoneal exu
date while a nich source has a strong anticomplementary activty that cannot
be el d by high speed centr 1on?® Ve prefer to use chonoallantoic
membrane or tissue wultures as sources since these antigens are rarely ant
complementary and control matenal 1s readily prepared

In the past antigen was usually prepired by subjecting Toxoplasma con
taimng fluid to repeated freezing and thawing but since we have shown that
this process leads to a dumnution of potency we now prepare our matenal
by grindmng the sediment with glass powder

While not stnictly a laboratory procedure the cutaneous tests using Toxo
plasmun  as descnibed by J K Frenkel® are useful aids i population sursevs
and 1s screenng tests for the diagnosis of the 0 called third tage of toaoplas-
mostis  Patients with highly actine disease do not usually possess dermal
hypersensiivity  Infants with congenntal mfection only rarely gne posise
reactions before the age of mne months A negative shin test therefore does
not wmply absence of antbodies to Toroplasma A posiive reaction on the
other hand 1s probably neatly afways assoctated with some antbody

Proper control material must always be used n the performance of th s test
and for this reason we like to use matenal dernved from ¢hick embryos or ts
sue cultures rather than mouse peritoneal exudate since an adequate control
for the latter 15 difficuit to prepare A not imconsequential number of individ
nals show dermal hypersensiivity to the antibiotics routtnely incorporated
ussue culture media 1t 1s adwvisable to omit these drugs from the culture from
which antigen 15 to be obtaned

As a final point I should like to discuss tissue culture techmique 1n greater
detal  Toxoplasma can readily be propagated in roller tube cultures*®a_ well
as 1n systems utilizing suspended cells or cells grown directly on glass surfaces
Roller tubes while technically more difticult to use produce large numbers of
Toroplasma pec cubic centimeter of fluid but the other methods are entueely
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days after intrapentoncal infection  \ithough serum antibody titer can often
be found 1n nuce three days after mfection nsufficient amounts diffuse 1nto
the pentoneal flund to be of practical importance m performing the dye test
The use of Toavplusma grown 1 tissue cultures as descnbed by Hemz F
Lichenwald should avoid the prescnce of antibody

Certam other modifications help to make dye test results more clear cut
Hepann produces a preapitate that obscures unstained Toxoplasma  Hence
we tahe up the pentoneal fluid 1 about one tenth the amount of 4 per cent
disodium cthylenediapune tetracetate dibydrate (sequestrene N\ap Vversene)
which1sa very effectin e anticoagulant

Frequently nbnn dots contaming enmeshed cells with Toroplasma are
aleeady formed in the peritoneum of the mouse  Placiog a cover glas ona
drop of a mixture containing clots results in hberating many intracellular
Toxoplasma from within the clot  Since these organisms rematned intracellular
dunng incubation they were not exposed to antibody and retained their stain
g ability  Hence a larye number of unncutralized orgamsms are added to a
neutralized muisture mahing a test more difficult t0 riad  Drawing up and
ejecting the han ested pentoneal exudate through a No 27 hypedermic needle
attached to a synnge will free a majonity of these cells  This procedure also
enhances d; of host cells c Toxopl. and thus while
mahing the latter avallable for the test reduces the number of disturbing
stained na  ad

Fnally the need for testing, twofold serum dilutions starting with undiluted
sttum must be stressed  Using 1 64 as the lowest dilution tested will result
in a high nstance of false negative tests s the sigmficance of low titers s
bewng better appreciated 1t becomes clear that serelogic surveys are nusleadig
unless low titers are considered  The measured dye test titer 1s but a point on
a brologic curve and 1t bas been found that after known infection the titers
can dechine gradually (0 zero Unless 1t can be shown that a cross reacting
orgamsm such as Sarcocystis Trichomonas or Tripanosoma as reported by
\wad * produces false posit e titers up to a certain magnstude 1t 15 undesirable
to hinut one's concept as to the meamng of antibody by neglecting the low
Uters By the same tohen serum dilutions up to at least 1 1024 should be
tested routinely since prozones bave been observed imohang thisrange  Two
fold dilutions ser e to show up technical errors and draw attention to varation
in results that are easily overlooked or rationahzed 1if fourfold or even greater
dilutions are sampled ~ A standard neutrahzing serum with a uiter near the
center of the test range should alnays be included in a test
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J & Frexwct (Department of Pathology and Oncology, Unwiersity of hansas
School of Medicine Kansas Citv Rans) The dye test 1s a very useful but com
plex test the performance of which often presents difficulties to the novice as
well as to the expenienced worhers  Two factors mterfering in the dye test can
be clearly distingmshed  One 15 the presence of soluble antigen, first reported
by Leon Jacobs ! which may completely obscure a low antibody uter and lead
to 1rregular results with poor defimtion of the end point  TasLE 1 shows how
atiterof 1 32 can be affected by soluble toxoplasma antigen derved exther from
a mouse or a chich embryo source

The second difficulty I expenenced several years ago just after comung to
Kansas I wanted to screen some sera for the absence of antibody 1n order to
select one for accessory factor To my amazement, 18 consecutive sera of
young medical students gave positnve results I happened to have only the
CJ strain of Teaoplasma muce at that ume and was using fourth day pentoneal
flud, as T used to do previously with the RH strain  One day I utilized third
day pentoneal exudate and neutrahzation no longer occurred  Systematic
vestigation showed that the presence of antibody 1 mouse pentoneal flud
can grve nse to false positne tests  More frequently, 1t Jeads to constant par
tial neutrahization of Toioplasma described by Beverley and Beatue Al
though unstamed Toaoplasma may be present 1n native pentoneal flud neu
tralization appears only after accessory factorisadded TABLE 2 compares the
serum and peritoneal flud antibody titers in two strams of mice four and five

TabLe 1
EFFECT OF SOLLBLE ANTIGEN ON Dk TEst TITER
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When reflecting on the discase mantfestations that may accompany Toxo
plasma wnfection of ammals and man 1t 1s well 10 consider that the majonty of
sfections pass unnoticed since they are asymptomatic  Only rarely has a
mother recalled sy mptoms of infection although she may have given birth to
an infant with tovoplasmosis apparently transmitted i wer2 It has been
shown expenmentally that rats dogs monkeys and chichens can un
dergo asy mptomatic tnfections * and Toxoplasma has repeatedly been 1solated
from seemingly healthy ammals in nature ¢

What 1s the nature of mteractions between Toxeplasma and a vanety of hosts
that favor esther asymptomatic fection or the development of clinical dis-
case?  This question should be asked for each stage of the infection since differ
ent mechanisms operate  Dunng the acute infection proliferative forms of
Toxoplasma multiply actively wathin a vanety of cells and organs and lesions
result from the destruction of parasiized cells and the accompanying inflam
matory reaction  Asymptomatic chronic infection 15 generally maintained by
Toxoplasma cysts in the central nervous system the eye and the myocardum
with Jesions resulting after the disintegration of these cysts usually without
the sub t of a multipl of

Proliferats ¢ orgamsms (ricures 1 2 4 10) and cyst organmisms (FIGURES >
10 9) have been differentiated in Leon Jacobs presentation ¥ therr cytologic
featuresand the terminology uscd by others have been discussed previously % A
certain amount of confusion as to what ¢ysts are has ansen due to the finding
of tlal £ formas 1 the 1 flud of mice with acute

which were gt d as pseuds 1 The same author
then correctly observed that the terms cyst or pseudocyst were not descnptine
and introduced the designation termunal colony  to indicate the tnal stage
of leukocy tic by Toxopl o These prol.
actively within leuhocy tes and elsewhere duning acute infection they can be
shown to contain hittle glycogen and no argyrophilic PAS positive ¢yst wall
1s present  Hence data denved from these leuhocytic inhabitants eannot be
transferred to orgamsms that multiply slowly or not at all that contatn large
glycogen granules and are contatned within cysts that persist extracellularly for
prolonged penods of ‘time

A distinction as to whether psohferatn e forms or ¢y sts are producing lesions
15 also smportant since only proliferative Toxoplasma are inhubited by chemo-
therapeutic agents available at present  Such agents include the sulfonamides
the sulfones pynmethamine Aureomycin and ery thromy cin

It 15 the purpose of this paper to draw attention to the dynamics of patho
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1n Sabin Feldman’s dye test it was found that properdin is an essential factor
in the dye test reaction itself It was demonstrated that the accessory factor
active in the reaction consists of properdin 4 Co++ C; 4 C;  Pullemer of al
showed that the properdin system 15 a factor in natural smmunity and that it
has for example bactencidal action  An attempt to prove that the properdin
system alone gave a positive dye test faled  Bovine properdin, mn an orimal
concentration of 75 u /ml, gave no positive dye test 1n the absence of immune
serum However, n the presence of immune serum, the toxoplasmolysis was
unusually strong and the dye test positive A properdin concentration of
24u/ml gave a maximally positrve dye test with known immune serum, 12
u/mi gave a lower titer and 06 u /ml gave a completely negative result

The properdin was made available by Lows Pillemer Before use 1t was
stored for a month at ~20 C , according to Pillemer the properdin content 1
this bovine properdin preparation may have dropped somewhat For this
reason 1t 15 possible that the above concentrations are only approimate
values

The bility cannot be ded that the properdin system together with
nonspeatfic antibodies may give a positive dye test

A modified dye test can be used for properdin titration, n this event an 1m
mune serum with a dye test titer exceeding 1/1024 should be used

]
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Tastr 2
Drvzrorsest of Tust ity 1o Toxertasua iy Mick Vacersation wint BDA Steary
CHALLENGE WiTit THE VIRLLFNT () STRAIY

G p 1 z(:]«{slo' 7 [ s 1 n s
o

Sasn fous enoh moals ul BDA BDA ) BDA ) BDA ) BBA

(4t
€ nom
1nind l,: Iy |l‘ ln(-lf'y I\ub< IIy N N Ic i SC
Repocl
Priaipytam o ! P A
o frtoa | Py td I o T 8" | el ta
dy tess! "j‘
1 4137015 18] n‘ 0 A s s
2 3 [ 2| s13] 87 | s gy |10
3 10334l 6l o0 7ol 149
3 331515 7; T )99 |
5 11386 ! i of o 978 13| 7z
6 \3 6 ‘y 9,9 | /121 /13
7 32 sts) ter ozl w09 12 Ny
8 ] 2 161 % ‘ niel 32 | 2317 1811
9 i |6 |6 16| 0 16412 | /15 | 16718
0 2% 6 i 73136016 /17
1 5 ] R mirl s
12 ] f 6 /sf /1 13
13 slar 1g 1 5000 | 8 wWie gl fo
n |3 | 135 7 | N8 e}
15 3005l Tsiem s ngl /oi i
15 I 6l 7] ! A8l 2l oy
17 3o 6 196, 8| + 70| 221 7
13 (3, 1s, J71
19 5 7 409 |1 |
o [ ISl
2 ) S 1 BioItel + |
2 | ﬂ RS A |
23 i ! 7 "0 w0 | |
24 i 5 ‘ 7 | i
25 I /15000 12+
26 s lel 18 l | + | | |
7 106l 16100 ! )
28 3 sf o1 | 1
2 18] 1y P
AL |
N1 oblack pac wdic t Lt reodday Recproc ] | fse 1g tim ted

)% Since the challenge 1noculum copsisting of Sourth-day perstoneal flud of
infected mice 1aried from day to day three unvacanated mice were injected
daily as controls employing bral I and sub

njections (groups 2 4 6) Deaths resulting from vacanaton amounted to
2pprouumately 10 per cent (group 8) Simple surinal times are noted for
groups 1106  Columns 1a 3a and da give the survival penods counted from
the day of vaccination those of vaccinated mice are represented by the numer
ator and those of the controls by the denominator I'rom a companson of
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genesis and to discuss how the latter 15 affected by developing ymmunity by
the formation and persistence of Toroplasma cysts and by antinflammatory
adrenal corticords

Acute wfection. The wide host range and the ability to multiply 1n many
cells are unique charactenstics of Toaoplasma Since prohferative orgamsms
can undergo binary fission two or three times daily they soon fill the cy toplasm
of host cells resulting 1n cell rupture with hberation of orgamisms and soluble
antigen ¥ 2% 3 Aninflammatory reaction develops composed largely of mono
nuclear cells Orgamsms enter other cells 1 the local area i the regional
iymph nodes or n the lungs and other organs after hematogenous dissemina
tion A pregnant host may transmit infection transplacentally to the fetus®
# 1 probably leading to abortion during the first trnimester and to disease 1n
the infant 1f infection 18 transmitted during the latter stages of pregnancy 1
woman Parasiterma may be transient or prolonged *

The acute infection may be entirely asymptomatic When the prolifera
tive rate 15 rapid however, a sufficient number of individual cells may be de
stroyed by the Toxoplasma they harbor to produce focl of trssue necrosis at the
wnoculation site, 1n the regional lymph nodes the hver and the spleen accom
pamed by the exudaiive reaction of p (rrcorES 3 11 12 13 24)
‘This results in functional damage that produces symptoms and may bring about
death of the host In man the nonspecific signs and symptoms of fever ma
laise weakness and headache may accompany a rash and other specific signs
of tissue or organ 1molyement

The surv1val fime 1n mice 1s contelated 1 TABLE 1 with the mfecting dose of
a virulent strain of Toxoplasma The LDs was calculated according to the
formula of Reed and Muench # the survivors were proved nonmnfected by sub
1noculation

Emergence of tmmunily  The conditions under which lesions may develop
are matkedly altered as immumty develops T4BLE 2 illustrates the mcreasing
resistance of mice to challenge with the CJ stramn of Toxoplasnta following
prior vaccmation  Two hundred and twenty male mice were injected sub
cutaneously with the low virulent BDA strain serving as vaccime  Every day
thereafter three mice were challenged with the virulent CJ stramn (groups 1
3 ») and 3 mice were bled and their pooled sera were tested for antibody (group

TasLe 1
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delayed death and by the scattering of survivors may n part be due to remain
ng infection in some muce whereas others were cured from their imtial BDA in
fections  Complete cross immumity was acquired to CJ stran infection  In
these instances 1mmunity was measured 6 and 12 weeks after two \acanations
with line BD A strain organtsms  Immumzation with CJ or BD \ folloned by
C] confers greater immumity against the RH strain 16

Deelopment of homologous ymprumty  Immunity to the homologous stram
may be acquired more quickly than to a heterologous strain as shown
wTABLE 4 Immumnity m this instance was measured by the period of sup
Pressnve treatment necessary before survinal was assured  Groups of mice
were mjected on the same day with 50 000 LD, erther intracerebrally ntra
pentoneally or subcutaneously and were placed on suppressie sulfonamide
treatment after sixhours  Dauly thereafter the mice were taken off treatment
Their sunnal periods and serum antibody titers are recorded in TABLE 4

\ll intracerebrally moculated mice died as if untreated and 1t was found

e that with 300 mg per cent of sulfadiazine

m dnnking \\:ucr for 10 days 15 necessarv to prevent death of all mice  Intra
pentoneally 1noculated mice survived after 4 to 6 days of treatment and were
immune on the 7th day  Subeutaneously inoculated ammals survived after
only three days of treatment and they were immune on the 10thday ~ Theac
quisition of immunity occurred more rapidly and apparently there was no sig
nificant period of partial immunity as had been obseryed dunng the develop-
ment of cross inmunity By the time immunity appeared to besohd dye test
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Tapee 3
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the surs val tiume of mice 1p group 4 with the titration data n TaB:E 1 one can
estimate the apprommate number of organssms injected daily into groups 1to 6
The challenge moculum consisted of 1000 to 100000 I Dy judging from
Taplel Inspite of this heavy challenge immumty became apparent between
8 and 12 days and was well established 17 to 20 days after vaccination  The
penod of partial immunity vaned 1 antmals challenged by dufferent routes It
was sinular 0 duration in the artificial somewhat tissue culturelibe pentoneal
aud cramial cavity infections  The earhier appearance of immunity ’ after
subcutaneous noculation 1s possibly due in part to an interference phenomenon
Since vacamne and challenge organisms disseminate through the body by stmilar
routes Mmany susceptible cells may already contain BDA orgamsms by the tune
they are reached by (] organisms
Companson with the serologic data reveals that dye test titers (sumulated
by the BDA strain but measured for technical reasons wath the RH strawn) ap-
pear sumultaneously with the emerging immumity  Although no antibody titers
were determined 10 mice that died in this espeniment 1t 1s hughly probable that
those that died after the 12th day had high dye test titers  Relative to other
strains tested antibody to BDA appears relatively late (sesenth day) whereas
with CJ and RH strans the dye test antibody could be demonstrated as early
as the third and fourth day afterinfection (1181L4)  Complement fixing anty
bodies 1ppeared after the 11th day i BD \ tafected mice
Acquired ummunity as measured by longer survivat 1s dependent on many
factors of which antibodv 15 only one ' Intracellular Toxaplasma appear to
be unaffected by antibody It has been previously discussed that mice in
fected with the RH stran although devel iping, similar titers of antibody as
those infected with CJ and BDA do not develop a simlar degree of immuty
1o thor mfection®®  The eapeniment outlined in Tany ¢ 2 serves as an dlustra
tion of the development of cross immumty between strains against which the
host here the mouse can develop solid immumty  Cinie 3 llustrates the
development of only partial cross immunity to the RH strain  The marhed
individual vanability as wndicated by the distributiun of wnstances of rapid or
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therapy may develop rapidly progressing signs of central nervous sy stem irn
tation such as arching, choreiform movements paralysis and coma ® ¢ Thys
may be accompanied by chonoretimtis ¢ 2 71 splasme multiply in neurons
and other cells leading to cellular and nterstitial necrosis  This results 1 an
early mucroghial and 4 later astrocy tic reaction and shght pervascular cell pro
lferation (FIGLRE 14)  Sometimes extensne lesions develop due to infarc
tion necrosts  \ number of human cases have also been descnbed where me
ningoencephalitis was most prosunent chnically and at autopsy # 5

Human neonatal tosoplasmo 1s commonly manifests stsclf by central nenous
<ystem lesions  Here agan Toxoplasma orgamsms continue to proliferate
actinely 1n the brain, Ieading to the production of microlial nodules (F1cure 20)
whereas n the extrancural viscera lesions are subsiding and antibody pre
sunably of maternal onigin can be demonstrated  Inaddition a umique lesion
consisting of pern entnicular vasculitis and necrosts 1s generally observed when
ever aqueductal obstruction and 1nternal hyvdrocephalus are present (FIGURFS
1410 19)  This lesion 1n the human brain has Leen interpreted as resulting
from the interaction of intravascular antibody and sntraventrcular toxoplasmic
antigen s the latter diffuses into the bram stroma producing the lesions wher
ever the cpendymal hning 1s absent™ ¢ Pensventnicular necrosis 1s found
around the lateral and thind ventncles and surrounding the agueduct provimal
to1ts stenosts but not distally 1n the fourth ventncle which 1s usually not &1
lated (r1URE 20)  Hence the rostral ventricular system resembles an abscess
cavity since the antigen cannot escape via the aqueduct and the foramina of the
fourth ventnicle  Toxoplasma also muluply m the ventncles and their walls,
and 1t 15 thought that an antigemic pool develops m this fashion  The diffuse
vasculitis and necrosis occurs 10t the absence of organisms  Infants with pent
ventncular necrosis may have a serum dye test nter of § 1000 or agher  Ant
gen has been demonstrated in the ventncular fluid of such patients by wjection
nto hypersensitive guinea pigs * 1t mught alse be measured in complement
Bxingumts  Thes distinctive lesion 1s more completely descnibed and discussed
on page» 8 to 11 and 36 to 61 of the earlier publication ¢ It 1s probably pa
thognomonic for toxoplasmosts when found in young wfants

It 15 of interest to note that fants nfected 1 uiero who survive will later
develop antibody of their own (sce cases VI and VII and p 49 Frenkel and
Frediander ) This1s contrary to the indifference or tolerance of some hosts
10 antigen contacted 1 ulero as discussed by Edsalli®

Trolonged mrcrobial activity in the central nervous system s not of course
unique for Toxoplasma but 1t appears to be the pathogenetic mechanism grving
nse 10 most viral encephalitides and to paralytic polomyelitis  This 1s pre
sumably due to the less effectne cellular inflammatory response the greater
vulnerability of nenve cells and the diffusion gradient for hematogenous ant
body Ina dog with chronic 1nactine toxoplasmosis the antibody content of
the cerebrospinal fluid was only one thousandth and that of the brain one four
bundredth of the serum titer of 1 32000 % In the presence of actne encepha
hus alesser discrepancy 1n titers would be expected howeser no ngures have
been published to my hnowledge

Suruival from actiie wnfection with chromeity or cure  As in many nfections
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utersof 1 512and 1 1024 had beenreached  The antibody response appeared
more rapidly dunng treated CJ infection, where 1t was 1 1024 on the 8th day
as compared to only about 1 8 on the 8th day of untreated BDA mfection
This may in part be due to greater antigematy of CJ and mn part due to the
finding that CJ infected mice passed through the period of immunization
better physical condition  The antibody response to CJ quicker after intra
pentoneal than after subcutaneous inoculation, may be analogous to the ob
servations by the Talaferros  They showed that participation of the spieen
n antibody production as after intravenous mjection of antigen 1s more ef
fective mn bringing about high antibody titers than the participation of fymph
nodes primartly as after splenectomy or as in this instance, after subcutaneous
moculation
Hypersensstialy  In man rhesus monkeys, and guinea pigs, a delayed type
of hypersensitivity may be observed three to four weeks after intection ¥ This
can be a factor complicating pathogenesis especially 3n relation to cyst rup
ture © 1 16 ¢ The usefulness of the toxoplasmmn shin test 1n man depends o7
the high correlation betw een presumed infection as indicated by antibody meas
ured 1 the dye test, and the presence of hypersensitivaty ¥ # I most rodents
hypersensitivity 1s not demonstrable by shin test nonetheless it appears to
participate i the histagenests of lesions  Just as i tuberculosts or after su¢
cessful BCG vacanation where dermal hypersensitivaty may fail to 1ppear 1
about 10 per cent of mdnaduals so toxoplasmin sensitivity 15 not aways de
eloped following snfection especially 1n young children” The presence of
antibody measured 1n the dye test 1s a2 more mnclusi e index of past wfechon
Derelopment of lesions during period of partial tmmunily  In muce and ham
sters on partially suppressive chemotherapy most of the sisceral lesions are
found to be subsiding toward the end of the second week of infection  Tovo-
plasmic prohiferation 1s found longest 1n the Jungs and the central nervous sys-
tem Pulmonary macrophages and alveolar cells are parasitized, accompaned
by copious exudate and sometimes by small foct of necrosis and pleunsy
Cases m man where death appeared to occur in this stage have been descnbed
by Corpeming Stembndge and Rigdon? and by Pinkerton and Henderson 4
Bemgn lymphadenopathy  with marked reticular cell and some lymphoid
hyperplasia and sometimes with abnormal lymphocytes 1n the blood has been
obisested 1n some children®? and adults! * # with listones and serologic changes
mdicating recently acve or acquired infection  Toxpplasma organisms have
been 1solated 1n several tnstances ' * ¥ This hy perplastic reaction appears (@
accompany the successful acquisition of immumty Depletson 15 generally
found duriny, the early acute imnfection since release of ly mphocy tes appeats t0
exceed the rate of production  Hyperplasia mav persist together with organ
1sms for 3 months or longer but both may have disappeared ajter about 10
months*®
Central nervous system lesions are of partiular chmeal significance since
toroplasmc immunity 18 acquired but slowly in the bran and eye  This lag
espcxﬂll) apparent 1n certain combinations of hosts and strains of Toxoplasme
as 1n ham ters infected with the RH strain  Animals that are partially 1m
mune either from prior infection with another strun or after inadequate chemo
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sulfonamades)  Whereas mfected sunvivors generally show antibody titers
aured sunavors might or might not develop antibodies probably depending on
the duration of actn e infection and on the iterval betw cen infection and test
10,

In order (o simulate 1n this expenment (kT 1) the latitude of results that
might be encountercd 1 an epidennological 1nvestigation of natural untreated
infections doses of 10 1000 and 100 (K I Dy, were admunistered (o groups of
610 12 mice and the nndings were charted according (o strain and chemo
therapy only  When charted according, to size of ioculum it became appar
ent that with the larger inocula more animals died whereas with smaller ones
more animals survived and freed themselves of infection  CiarT 1 shows also
that the comparatine drug cfhcacy for a 1>-day treatment penod 1s greater for
the mixture of sulfadiazine and sulfamcrazine than for \urcomyan which was
gnen at close to the maximum tolerated dose It s also indicated that CJ in
fection 15 <uppressed more effectively with ather drug than 1s RH infection
This can be expressed in terms of the relative rate of immunogenests 1n mice
beconung effective faster in CJ than in RH infection as discussed elsew here '
Small expeniments with guinea pigs and rabbits indicated that a kigher percent
age of cures 1s obtaned than 1n mice and hamsters using identical strains

Judgng, from the gh inadence of antibodies and toxoplasmin sensitivity in
certn human and ammal populations coupled with the virtual absence of
cimcally recognized discase 1t 15 possible 1o suspect that many of those im
phiated may no longer be actually wnfected It 1s not pos.ible at present to
distinguish by serologic or kin tests however whether indivaduals with anty
body or shin sensitivity remain infected or are cured  Brain and other tissues
would have to be subinoculated o observations appear to have been pub
hished concerning immumnity as measured by challenge of ammals cured from
wfection some of which have and others have not devcioped antibody (see

Uninfected  survivors in citart 1) It should be cautioned here against ac
ceptance of all <erologic titers as ind past or l m
fection since cross reactions hayve been reported ¢

Chronic toxoplasmosis the Tovoplasma cyst and lestons resulting from cyst
ruplure  Although some proliferative forms of Towoplasma may persist the
development of the cyst stage 1s the important factor i maintaining chronic
wfection  Toraplasma cysts when intact do not gne nise to an inflammatory
reaction (FIGLRE 13) This 1s apparently due to a tough resilient argyro
philic and penodic acid Schiff posttive <yst wall that apparenthy prevents
escape of antigensc and chemotactic substances (FIc LRES > 6 8) It appears
reasonable to regard the cyst wall as of parasite ongin although this has not
been proved  Cysts arc found most frequently mn the bran occasionally 1
the retina the myocardium 1n sheletal muscle and possibly elsewhere as i
Iymph nodes and the adrenal gland A certain host and organ predilection may
bepresent since ¢y sts hav e been scen 1n the brain and eye of mice and hamsters
but never 1n the myocardium where they are not uncommon In guinea pigs

Certain Toxoplasma strains may give nse to more cysts than others with the
RH strain 1n mice and hamsters this may be due to the more prolonged rate
of prohferation before immunity becomes effectine
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INCIDENCE OF EARLY MORTALITY AND SURVIVAL
WITH CHRONICITY OR CURE
C1-Uninfected EI-Chronicity Bi-Mortality
(Numbers refer to dye test titers of indiidual mice)
Q 32,001 O

100

(Ser m lost)
130 000

PERCENT

Strain RH
SULFONAMIDES AUREOMYCIN

sursiving ammals remain chronically infected although a fairly effectsve degree
of immumity can be shown to exist  This can casily be demonstrated 1 toxo-
plasmosis of mice after a brief period of partially suppressive chemotherapy
Casrt 1 compares the mnaidence of early mortahity and of sunival with erther
chronicity or cure as determined by subsnoculats m 60 days after infection Re
aprocal dye test titers of indimidual surivors we noted  These munne mfec
ions with two strans of Toxoplasma trexted ather with sulfonamides (60 Mg,
per cent in dnnhing water) or Aurcomyvcm (%00 mg, per cent i food) reyeal
patterns that may be observed 1n other h sts whether treated or not  The
mortahty rate might be high and sursivors i any are present might not re
main infected (see 1 H infection treated with \urcomy iny  Ihe total per
centage nfected might Le similar to that noted beforc  More animals how
ever might manage to sunne (CJ + Aureomyan)  Mortality might be low
infected survivors few and cured survivors might be i the majonty (CJ +
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chronic toxoplasmic eye lesions. It 1s quite possible that chromc persistent
ocuas i olvement 15 due to proliferative forms and that transient episodes
followed by recorery are due to the sudden release of antigen following cyst
npture  The recogmiion of this dual mechanism ts of pecial importance n
the appraisal of chororetimitis tn man  as has been discussed n connection with
another paper S0 far proliferative orgamisms and cysts have been described
n chronie wnfections only from the retima whereas pnmary tovoplasmic m
docychiss or chorowditss as tmplied by the clinical term  uwveitss  has been
encountered neither 1n the human eye * nor in the expenmental hamster ana
Lirue  In both man and hamster the usea 1s imohved secondanly by * neigh
borkood inflammatson * which may be much more 1ntense than the retnal
wilammatory response  This refers to naturally evoh ing ocular lesions, 1 am
mals essentially immune followin,, systemic tnfection if Toxoplasma are injec
ted directly into the antenor chamber an acute pnmary midocy chus resulis.®

Clrenc tox splasmic myocardiirs and myositis The best example tn a patient
of heavy muscle ivolvement by cysts leading to chinical myositts and to the
diagnosis bemng made by sheleal muscie biopsy wasdescnbed by hass Andrus
Ad2ms Turner and Feldman® Less «cvere myocarditis has been obsened
chmeally possibly due to proliferatne forms and cysts #*  Lesions associated
with what appear to be Toxoplasma cysts have been descnibed from a kanga
o ¢ Cysts in sheletal and cardiac muscle are elongate corre ponding to
ke shape but not necessant) the length of the host <ell {(F1GLRES 7 13)  Ther
evst wall 1s argy rophulic and PAS posune and the ¢y st organisms show prom
went PAS positive gl cogen granules  Orgamisms found tn heart muscle should
be differentiated as to whether they are cyst or proliferative forms since myo-
anditis can 1lso be produced by the latter dunng the acute nfection (FIGLRES
1 1)

Chsis am oller organs  What appear 10 be ¢ysts have been descnbed from
the adrenal gland of a hangaroo that had myocarditis ® \ cyst resembling
Toxoplasma bas been found tn a lvmph node associated with serologic evidence
of past infection ¥ Some expenimental evidence has been obtained that cysts
may persist 10 the lungs of infected mice**  Certamly cysts are lound infre
quertly outside the bramn eye rmyocardium and sheletal muscle and ther
TUpture 15 less Likely to be followed by symptoms of chinical sigmncance

Resumption of proliferainie activuty during chromesly tn the adrenal gland and
after the ad) of antt il 3 steroids sith chronsc
toxoplasmouss of several months duration succumb occasionally showng large
dumbers of Toroplasma prohferating o the adrenal glands (FIGURES 21 22)
These lands are often virtually destroyed 1n spite of some apparent attempts
at regeneration  Other Jesions due to multiplying orgamsms are generally
absent Antibody titers usually reman high

Resumption of toxoplasmic proliferation has been observed also after the
prolonged admunustration of cortisone acetate  Hamsters infected for several
months that have resisted challenge 1jections may succumb with severe toxo
plasme and halitls ac d b) necrosis but with de
fiaeny imflammatory response (FIGCRES 10 23)  In these ammals too anti
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Cysts can mamntain chronic infection for two years and probably longer %
Inrats for example their presence 1s generally not accompanied by symptoms
Structures that appear to be Tosoplasma cysts have also been found, incident
ally at autopsy of human beins * ¥ # In other hosts symptomatic chronic
tovoplasmosis has been obsened associated with large numbers of cysts but
without proliferating orgamisms  This observation has led to the hypothesis
that cyst rupture 1s actually responsible for these lesions ™ '8 14 © Tt has
been difficult to find remnants of cy st wall or of orgahisms 1n such lesions  This
1s readily understood when considering that the cy st walts less than one micron
1n thickness and that orgamsms injected into immune hosts quichlv disappear,
even from the brain A few lesions however have been identified 1n the bran
of hamsters'® and 1 the sheletal muscle and brain of a human patsent® where
remnants of orgamsms were found in the center of early necrotizing lesions
The role of ¢y st rupture as a pathogenetic mechanism 15 easily demonstrated
infections with another cyst fornung organism Besnoitia jellisons  The larger
Besnoura cysts contain more orgamsms and the cyst wall 15 thicker, so that de
generating organisms as well as cyst wall remnants, can be found i the center
of lesions (FIGURE 40) 7 8 9 Toxoplasma organisms hberated by cyst rup-
ture are usually destroyed i the immune host since no evidence of renewed
proliferative activity can ordinanly be found

Chromic Tosoplasma ¢ncephalits  In the lesions of acwle toxoplasmic en
cephalitis orgamisms are seen within many cells and where cell death has oc
curred also extracellularly In chromc toxoplasmosis lesions are generally
found devord of organtsms and represent a reaction to cyst rupture  Young
lesions in chromic infections consist of a focus of necrosis, suggesting a hyperergic
response sometimes with recogmzable ¢yst remnants (FIGURE 15) Hema
togenous and microghal cells wander 1 and phagocy tize the debns forming 3
microghal nodule which the L of a Teropl cyst (F16-
URE 15} Hy pertrophic astrocy tes are found in the penphery  Symptoms de
pend on the number of such lesions which 1 turn depend on the number of
cysts and rate of cyvst decay on the location of lesions and on the number that
are superimposed 1w a given fiber tract  With spinal cord 1nvolvement, pa
ralysis 1s generally ascending in hamsters Vwhen many lesions are present,
blood vessels may become mvolved leading to thrombosis and to infarction
necrosis of nenvous tissue  In man isolated cysts have more often been re
ported than large numbers of cysts with the presence of lesions 7 ¢ The
same holds for dogs but in chincinllas and hamsters encephalitis has been re
ported after treatment of acute nfection with sulfonamides and numerous cysts
and lesions have been found 1n the central neryous system 16 #

Chrome loxoplasmosis of the eve  Lesions related to cyst rupture bave been
described from hamsters * and cysts have been observed 1n the eyes of mice?
and of human 1nfants and adults® *  Lesions related to the parasitism by

proliferative Toaoplasma of mdividual retinal cells have been observed 1n ham
sters 0and also m the majonity of human eves which had been enucleated be
cause they were blind from long continued wflammation and panful due to
secondary glaucoma ® There accordingly appears to be a dual etilogy to
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nartly 1n laboratory mice and rabbits organisms are encountered 1 the bramn
and hidneys where they arc best demonstrated by staming, with carbol fuch

sin® ¥ Toxsplasma 13 obsurved so raredy 1n the hidneys of any host that or
ganisms reported m this location should be carefully differentiated from Ln

cephalstowor  Both orgamsms used 10 be encountered commonly 1n scemingly
bealthy laboratory rabbuts and mue  Ierhaps due to changed brecding prac
tes such infections are rare now  Lncephalite oon however has recently
been 1solated in nuce {frem Japan) that recen ed matenals suspected to contain
the nchettsiae of scrub typhus  Lucephaltto oon has also been found 1n mice
that were injecied with vanousorgans from North Amencanbats and probably
wn mue treated with urethane dunng i estigations of human and mouse hepa

tiis#  The organism has alvo been 1solated from laboratory rats in the United
States and wn Fogland * * Dunng the course of research on Iy mphogranu

loma venercum virus (LGV ) at the Institute Pasteur nlans 1t wasfound that
mice that proved chromcally infected with Encephaltto.oon were more resistant
tentracerebral inoculation of LGV than mice not so nfected *

Mecrgamsm (1icures 29 to 31)  This 1s the temporary desiynation for an
organism ohsenved an hield mice (Microtus modestus) trapped near Hamilton
Mont which resembles Toxoplasna morphologically ™ ¢ ¥ The distinguish
ing feature 15115 ¢y st which is lobulated and septate in the brain whereas that
of Toaoplasma 15 phenical and aseptate  Thus organism did not pive nise to
infection when subinoculated nto other Vicrofus white mice hamsters
or guinea pigs  fndley and Middleton observed an organism with similar
charactenstics in Microfus agrestes from England'?  They beheved this to be
Toroplasma and tned to imphicate 1t as causing a fatal epidemic in field nuce
No si nificant encephalitis was present however and transmission experuments
with organtsms from lubulated ¢y sts appeared mconclusive

Sarcocystis (FIGLRES 32 fo 99)  Sarcocysus has occasionally been confused
with Toaeplasma  Descriptions of pecies have been based on their occurrence
0 2 number of hosts mainly herbivorous mammals and water birds  Carm
vores are rirely found infected  Only the ¢y st stages from cardiac and sheletal
muscle are well known  local myocarditis and myositis sometimes wide
spread are produced by the breahdown of cysts  The st walls are argyro
phiic but I'AS negatne  Some pecies such as those from cottontal rabbits
show radial spines (FiGure 34)  Sporoblastic cells are often found nside
the cyst wall  The cysts of some species contawn compartments and the cen
tral compartments may be free of orgamsms  Large nucler are sometumes found
in the compartment walls  The individual cyst orgamsms are large and have 2
rounded ends whereas those of Toxoplusma the W organism and Besnoitia are
smailer and have one ponted and one rounded end  Sarcocysiis orgamsms are
miolife have vesicular nucler and contain glycogen granules of a charactenistic
Pennuclear disinbution (Ficure 34)*  Unlike fung individual organisms are
not surrounded by a I AS positive wall  They react with ¢y toplasm modify ing
antibody 1n a fashion similar to Toaoplasma (FIGURES 38 and 39)  The oc
currence of schizogony 1s doubtful Morphologic studies of orgamisms from
man sheep mouse rabbit squurels and duch did not reveal fungal charac
tenstics  The few accounts of transmission by subinoculation or feeding of
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bodies may remain high although irequently they are reduced Occasionally,
overwhelming bactenial infections hill such ammals before toxoplasmosis re
lapses *

These observations concerming apparent mmunity depression m chronie
toaoplasmosis of animals during the admuustration of pharmacologic doses of
cortisone parallel those made in a vartety of bacterial infections such as human
tuberculosis and those 1n monkeys with chromec trypanosomiisis ® Indeed,
a pattent with Hodghin s discase has recently been obsered who while on phar
wmacologic doses of cortisone succumbed to toroplasmic encephalits with lestons
suggesting, relapse rather than first infection

Ewvidence has recently been presented, indicating that the resumption of
prohferative activity by Toroplasma in the adrenal gland 15 facilitated by and
probably dependent on the corticoid hormones elaborated there !

‘The presence of ocular lesions due to proliferating Totoplasma during chro
nicity 18 not associated with a measurable decrease 1n immunity elsenhere ex
cept sometimes 1n the adrenal gland  Nonetheless serum antibody in patients
presumed or proved to has e such lesions 15 usually low 1 ¢ # It 1s reasonahle
to surmse although further proof 1s required that acquired immunuty can de
crease during chronic infection to such a degiee that Toroplasme can resume
proliferation This may follow cyst rupture due to changed cellular factors
maintaining ;mmunity as in the adrenal glands or after the admuustration of
ant1 inflammatory corticoids due to decreased serum antibody levels, which
are even lower beyond the blood brain and eye barner  and due to a vanety
of unknown factors

Actvation of latent infection 11 pregnant mothers has bewn postulated asa
mechamism leading to fetal infections ¥ All available clinical evidence how
ever indicates that this occurs rarels if at all 4 8 Tt has not been obsered
i man and only under exceptional circumstances 1n experimentally 1nfected
animals < Transplacental transmission 1n man has been linked only to acute
wnfections

Infections wall organisms resembling Toxoplasma  Whereas a comprehensiye
consideration of the pathogenesi»> of such other infections would have to be
lengthy especially in view of our inadequate knowledge of them the infectious
orgamsms may briefly be considered primanly to differentiate them from Toxo
plasma

Encephalilo oon (FIGURES 2> to 28)  This organism was origmally suspected
to give nise to neonatal disease 11 man  Wolf and Cowen however 1n ther
second paper 1ecognized Toroplasma as the etiolo,ic agent ® Some authors
consider this orgamsnt as a species of Toxoplasma ® It might be better how
ever to consider these two organisms separately unti proved identical  Much
evidence has been presented to show that they are distinct  They looh duffer
ent  They do not cros immumyze ind accumulations of Encephaluto oon 1
the central nersous system are not surrounded by a cvst wall® ¢ 4 gcute
infections of mice charactenstically lead within two or three weehs to the de
welopment of ascites 1n which small nambers ¢ f organisms are found  Infec

tions are generally nonfatal except when muce are treated wath cortisone which
facilitates extensie prohiferation of the orgamsms i most organ<®*  Ordi
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Summary

More asymptomatic than climal cases of toaoplasmosis occur  Hence the
devclopment of lesions and discase represents an atypical reaction pattern when
compared to the more common types of host Toxoplasma relationships  The
mteractions between host and microbe starting with the generalized acute
infection, are traced through partial states of immunity with lesions centered
1n the central nervous system to the chronic nfection which may or may not
be symptomalic  Reactivation of lesions may follow due to the wanmng of
unmunity in the retina and the adrenal cortex or following the exogenous ad
mumstration of ant iflammatory corticoids  The dual pathogenesis of lesions
13 described as relating to the destruction by proliferative organisms of indivad
ul infected cells and to that follawing cyst rupture n the partially smmune
and oiten hypersensitive host

The following small microorgamisms are briefly discussed since due to ther

hologic likeness to Toaopl. they present diff prob
[cms Encephalile aon Mcrotus (M)-orgamsm Sarcocysits Besnottia Glalndmm
form stages of Tryp Crypiccoccus (Torula) Histoplasma, and
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cyst orgamsms are poorly substantiated Such attempted transmussion of
mouse and rabbit Sarcocystss to laboratory mice and rabbits were unsuccessful
m the authors hands® Sarcocysts irom cottontail rabbits and house mice
also failed 1o grow on media ordinanly supporting fungal growth It would
seem from these studies that these orgamisms neither look nor behave like
fung: as has been suggested by Spindler &

Besnowia (FIGURES 40 to 49) O bling Toaople but en
closed 1n a large cyst (up to 2mm ) surrounded by a heavy cyst wall and with
cyst wall nucler are found in deer mice from Idaho (Besnottia gellisoni) (F16-
URES 40 to 43) 7 18 and 1n cows and borses 1n southern Europe and South Af
nca (B besnouts) (FIGURES 44 45) * Similar orgamisms have been descnibed
1 chickens with Banghok discase ® and 1n reindeer from Alasha (Fibrocysiis
targndy) 7 Although the cyst stages do not resemble those of Toaoplasma
the proliferatn e organisms from the acute infection and the lesions produced
are almost indistingwishable  Besnouta jellison: has been studied 1 detail
since 1t more regularly produces ocular and adrenal involvement than Toxe
plasma and because the sequence of e ents following cy st rupture can be stud
1ed more easily with 1ts bigger cysts which are formed throughout the body m
large numbers ¥ 18 0 Besitoulia besnorl: gives mse to a generalized nfection
in cows and horses followed by the production of cysts, which 1s accompanied
by dermatitis and thickening of the skin called ‘olifantvel” mn Afnkaans *
This mfection 1s also known as  globidiosis  and the orgamsm has been desig
nated by the generic terms Gastrocystes Globrdium and Sarcocystis  Globidsum
(Gastrocystis) however refers properly 10 an mtestinal cocaidian parasite of
horses and sheep which multiphes by schizogony (FIGURES 46 47) ™ Bes
notta has been applied to 1n orgamism multiplying by binary fission which pro
duces a generalized infection  Besuouta yelitsons and Toxoplasma are serologt
cally and ummunologscally distinct  Sera from cows naturally miected with
B besnosr obtamned through the courtesy of W O Neitz of the Onderstepoort
\etennary Institute Onderstepoort Union of South Africa did not contain
measurable antibody using B jellisons as antigen in the dye test # B gellisons
15 pathogenic to chich embryos and to white mice hamsters rats newborn
guinea pigs and certamn other rodents but 1t did not produce demonstrable
infection 1 a con two rhesus monkeys adult guinea pigs rabbits chicks
cananies and pigeons B besnout has been transmutted experimentally to
rabbits 4

Leshmama and leishmanform stages of Try panosoma cru ¢ can be recog
mized by their hinetoplast  Fungy such as Crptococcus (Torula) and Hisio-
plasma have been confused with prolferative forms of Tvoaoplasma that appear
rounded after fixation  Both fungy have I AS positive cell membranes but are
devord of PAS positive granules and ¢ysts are ab ent  Alossiella a sporozoan
parasite usually reported from the hidneys of muce and guinea mgs® can be
ifferentiated from Teaoplasma Besnotsia and the M orpamsm by the pres
ence of schizogony and the production of an oocyst  Tozoplasma hke organ
1sms from the bile ducts of a do,* are probably merozoites of a Coccrdizm with
schisogonic stages lihew1se present
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NEWER RNOWLEDGE OF THE CHEMOTHERAPY
Or TOXOPLASMOSIS

ByDon E Evles
Laboratory of Tropical Diseases Matronal Instiute of Alergy and Infectious Diseases Nabional
Instinies of Heolth aithe Medieal Scheol of )¢ Ut ersity of Tennessee Memplus Tenn

Untif the [ast few years, the chemotherapy of toxoplasmosis in man was prac
ticed only rarely and with results difficuls to assess This wis due inpart 0 a
lach of drugs of demonstrated value and 1 part to the difficulty of diagnosis
Recent work has resulted m constantly improving methods of diagnosis and
the Wider use of these methods Current i estigations are elucidating the
role of toxoplasmosis as a cause of granulomatous nveitis and chorosetimtss!
23 and as a cause of a syndrome charactenized by lymphadenopathy and
fever?

In step with these advances in our knowledge of the discase animal expen
mentation has led to the discovery of agents effectn e against toxoplasmosis 1n
ammals that give promise of bewng effective n man  Results of their use
man are just now being reported  Eor this reason the present 1s an appropsi
ate time for us to resview progress in the chemotherapy of toxoplismosis

Action of the stdfonamdes — Soon after 1t was demonstrated by Wolf and his
colleagues® © that Toaoplasma are 2 cause of human disease, efforts wese made
to find drugs effective agamst them As eatly as 1941 sulfonamides were
shoun by Saben and Warren” ¥ and ndependently by Biocca and Fasqualin)’
to have definite antioxoplasmic activity in expenimental mouse infections
even though there was no 1 zifro action ¥ Simularly sulfonamides were shown
to be active against toxoplasmosis 1 rabbuts ® pigeons # embryonated hens
eggsi?and perhaps other anmmals  This activity of the sulfonamides was con
firmed by 2 number of other 1 estigators ¥ and a companson of their ob-
servations up to 1952 was made by Evles 2

Only Cross? favled to find actvity in the sulfonamides  Varying degrees of
actnaty however have been described by different investigators the effect ob
served varying from cure of the infection to mere prolongation of the life of in
fected ammnls A study of the rescarch reports indicates that the discrepancies
are due perhaps 1@ part to stran vanation but also to variations in the tech
mque of testing  Notably the size of the moculum has vaned greatly from
nvestigator to investigator as has the mode and tuning of drug admmstra
tion  This factor of inoculum size has great inflnence upon the results of chem
otherapy w mice  \ recent study by our Jaboratory* showed that with sulfa
duazwe cure could be easily obtained when the moculum was of the order of

100 LDse whereas when the moculum was 10 000 or more LD;s  cuse could Le
obtaned only wregularly and never in a large proportion of the myce treated

Of course the fact that the cure rate 1s dependent upon the size of moculum

and other factors mahes 1t dutficult to predict from anumal work the effect the
sulfonammdes will bave i man  kven so we can learn which sulfonamides ase
most active, for ant would not expect changes m host to alter the order of actay

ity
252
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Dunng the past few ycars we have used 1 our laboratory most 1f not all of
the sulfonamides ordinanly used 1n man for the treatment of other infections
Expennments to determine median effective dosages (MLD) have been made
n mice under )dentical expenimental conditions so as to allow companison  Ta
BiE 1 summanzes the results of these evpenments  Other 1y estigators'® who
have used sulfc des under comparable cond: have found an essentially
sumilar order of activaty

Mthough a recent paper from this laboratory * stated that sulfapy razine
was the most actine sulfonamide yet encountered more recent work hasindi
cated that sulfamethazine may be shightly moreactine  Atany rate these two
ds along with sulf: and sulf: are of a similar order of
activity and the confidence houts (CL) of the median effectis e dosagesoverlap
This would dicate that any positie assertion of their relative order of acivaty
might casily be in error

All of the other sulfonamides tested were much inferior to the above four
Sulfathiazole was the most active, but toxic dosages had to be approiched to
obtain maximum actinaty  Sulfapy ndine was not highly actine and 15 known
1o produce toucity at levels near those used 1n our expeniments  Sulfadime
tine known under the trade name of Elkesin, and sulfisoxazole marheted under
the trade name of Gantnsin were greatly inferor to the other sulfonamides ex
cept sulfapyndine  Exen though these compounds exhibit very low toxicity
we do not believe that this could concenably compensate for the low degree of
actmity agawnst Toxoplasma  Turther data on these two latter compounds
were presented in a recent paper from this laboratory

1t would appear logical to use multiple sulfonamudes for the treatment of
toxoplasmosis as additne cffect with independent toxicuy would be expected
Two expenments conducted 1n our laboratory have confirmed that additine
action does take place and other inyestigators have affirmed that such action
occurs ®

The sulfonammdes would appear to have the same mode of action agamnst
Toxoplasma as aganst other orgamisms ~ Summers™ has shown that p amino-
benzaie aad completely antagomzes the effect of sulfathiazole He showed
abo that folic acid had a simlar antagonistic effect thus indicating that the
sulfonamides were competing with the metabolite p aminobenzoic and and
thereby nterfering with cellular metabolic processes leading to the synthesis
of folic aaad

In many respects the mouse 1s not a favorable host for study ing the effect of
antitoxoplasmic drugs as the nfection nearly always causes death and the
mouse develops httle or no effective immunity to most strains  Some animal
with an immune re ponse sumilar to that of man might be a better test ammal
Asstatedabove Sabmn and Warren® found that sullonamides were activ e against
Tabbit toyoplasmosis They adminsstered 1 5 to 3 gm of sulfath:azole per day
by intrapentoneal mjection to rabbits that had been infected ntracerebrally
A number of these survived indefinitely and were resistant to remfection B
0cca™ also obtaned indefinite survival in five rablats treated with sulfathazole

In our laboratory we have obtamed the apparent cure of rabbit toxoplas
mosis on a number of by ad sodium sulfad) to rabbits
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TanLe 2
TREATHENT OF 1 APFasEATAL TOMILASKC Iy 1N THE RaDBIT W71 Sopitst
SULLFADIAZINE
RatLiis were anfected by the intracutancous imjection £ 1000 Tox cl«: #a organsms
Treatment was tutiate § uther ju t aftes moculation of at the taime the fever reached
40 C (usuatly on day 6 of the 1nfection)

[
Doss  dday ftem t )\ we | D JP 1oy 1amh f8 g ami
% mg per cent \a 5D in
water Rx—day 1 5 + 80 |10
1000 mg yer ccnt Na SD an
water Kx—day 1 3 3 100 |—
WO mg per cent Na SD i
water hx—Tst day of fever | 4 ‘ 57 [10 10 10
1000 mg_per cent Na SD in
water Rx—lst day of fever | 3 1 33 |10 18t
Unireated controls 9 [ 0 |99909991010

P th 4 tedbyboldfaed m !
mo

HT pl ma rel 1t 1
fThis malprclably ddpotd ' 1o gl

infected 1y These exp are ! in Tape 2
The drug, was admmstered m the dnnling water and admsmistration was i
ated exther just after inoculation or at the first appearance of fever over 40 C
(usually on the sixth day of the infection) The concentrations of drug used
produced blood levels on the order of 4 to 8 mg per 100 ml of blood

When treatment was started just after inoculation most of the ammals sur
wined until sacriniced at about six weeks  \one of the mice woculated with
tissues died of tosoplasmosis  The effect of treatment was to prevent or at
least retard the development of a shin Jesion as <een 1n untreated animals
Fever was either prevented or of short duration

When treatment was delayed until fever was evident four of seven animals
werecured  Toagplasma were not recos ered when the survivors were sacnificed

All control animals died 9 to 10 days after noculation showing typrcal shin
lessons and other signs of tosoplasmosis

We have also reported treatment of a small number of Norunay rats with sul
fadiazine one weeh after infection * The rats were ioculated intraperitone
ally and all control and treated rats sunwned At sacrifice Toaoplasma were
tecovered from the sulfadiazine treated rats as readily as from the controls
thus indicating that the infection was not eradicated

Iction of the 2 4 digprno pyrimudines  Qur laboratory in 192 reported that
2 +diamino 5 p chlorophenyl 6-ethyl pynmidine or pynmethamine hnown
under the trade name of Daraprim exhibited marhed activity aganst toxoplas
mosis s mice 1n preluninary tests? This activity was dependently dis
covered by Summers® and has been confirmed by several others® ¥ Activ
1ty was also found to be a charactenstic of other related pynmudines but
pynmethamune has so far proved to be the most actne

In our expeniments reported in greater detail 1n another paper ¥ we found
that gram for gram pyrimethamne was supenor to sulfadiazine 1n curatne
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action agamst mouse toxoplasmosis Quahtatively the drugs were different
in that pyrimethamme treated infections relapsed less frequently than sulfa
diazine treated wnfections  Also the time of relapse 1f it occurred, tended to
be delayed n the sulfadiazine treated mice, but came soon after the termina
tion of treatment in those given pyrimethamine

As with sulfadiazine we have found that tosoplasmosis can be cured with
relative ease with an intrapentoneal wmoculum of about 100 LDjp units in mice
whereas cure was not so readily achieved with an moculum of 10000
and 100000 LDs  Even <o, significant numbers of muce were cured with the
largest inoculum compared with a lesser number cured with sulfadiazine

Although superior on a gram for gram basis the curative dosage of pyn
methamine approaches the maximum tolerated level whereas sulfadiazine
gives 1ts maximum curative action at dosages much below toc levels

Synergishic action of py k and sulf des  That pyrimeth
and sulfadiazine acted synergistically against toaoplasmoss in the mouse was
reported 1n 1953 by our laboratery ** and recently we reported much more de
tailed observations upon this subject ¢ Since then this synergistic action has
been confirmed by the laboratory of J K A Beverley 1n Sheffield England
who very hindly made his results available to me prior to their publication

In our expenence the joint treatment has proved to be the best by far that
we have achieved with any drugs or combinations  With mtrapenitoneal inoc
ula up to 100 000 LD, we have been able to cure more than half of the mice
treated and with smaller mocula which probably more nearly represent the
type which would be met naturally we have been able to cure nearly all mice
treated The dosages at which cure was obtawned are sufficiently low to ind:
cate possible effective action 1 man  For imnstance holding the sulfadiazine
dosage at a level easily obtainable in man we obtamed cure m most of the mice
given a dosage of approximately 1 1 mg per hg per day This dosage would
correspond i man to a dosage of about 70 mg per day but 1t 15 quite possible
that levels similar to those i the mouse would be obtained at lesser dosages in
the larger host

The degree of synergism between sulfadiazine and pyrimethamine 1s very
great and 1t can be studied best perhaps by the methods developed by Fin
ney * Companson of the expected and obsered potencies of the mistures of
the two drugs shown graphically 1n FIGURE 1 demonstrated that the miatures
had an effect more than six times as great as would have been expected from
mere additive action  Still following Inney a coefficient of synergism (h)
of 4102 was calculated Tlis constant which 1s a measure of the degree of
interaction of the drugs may become useful 1n the future 1n the comparative
study of drug combinations

Although the interaction of pynimethamine and sulfadiazine has been studied
by us most thoroughly we have used pynmethamine with both sulfapyrazine
and sulfathiazole Symergism was easily demonstrable with these combina
tions but our data give some indications that the degree of interaction may
differ between the combinations

The outstanding activity of pynmethamine and sulfadiazine against toxo
plasmosis 1 mice led us to study this problem in other Jaboratory animals
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These expertments arc not complete as yct but some facts are becoming evy
dent

In albivo Norway rats moculated intrapentoneally pynmethamime and
suffadiazine eradicated the nfection n most antmals treated up to one week
after moculation ?  Since almost all rats sunvived the mfection whether treated
ornot the effect was assessed by companng the proportion of rats from shich
panasites could be recovered by submoculation tmte susceptible mice  Sim
latly, Tozoplasma could not be recovered from four treated puppies (less than
sx weeks old} whercas three of four untreated Litter mates could be shown to
be anfected by subinoculatton  Because of the fact that persistent infections
are reacly 1nduced 1n Norway rats this host has been used for a study of the
effect of py nmetharmine and sulfadiazine on the chronic stages 1 larye group
of rats was treated after one or more months with dosages stmilar to those pro
duting cure early in the infection At sacnifice organisms could be recow ered
from these rats as readily as from the untreated controls thus indicating a0
discernable effect for the drugs on this stage of the parasite *

Jacobs ¢ a?®® have studied the production of scute toxophsnnc uvestis sn
rabbuts and have used py b and sulfad, on treat
ment  Some benefit of treatment was demonstrable hu! the resalts were not
mnsnstentl) good Cook and Jacobs” also have studied the effect of pyn

d alone and 1n comb on Toaopl 1n roller
twbe tissue cuhurce Results parallel to those in anumals w ere obtaned and
this technique of study should proye very useful in the future 1 the mestiga
tion of metabolite antimetabolite rtlallon<h1p5 as related to chemotherapy

Sunlar rgistic action of sulf dnes has been observed
i other 1u 11to systems  Greenberg and Rlchcson" demonstrated synergism

7
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between sulfadiazine and 2,4-diamino 5 aryloxypyrimidines i werh on Plas
modium gallingceum  DMore recently, Lus® showed that sulfonamides and
diaminopynimidines and dihydrotriazines act synergisically aganst Emena
fenelle and suggested that economies in treatment might possibly be effected
through the use of synergistic combinations

The explanation of the strong synergism between the sulfonamudes and pyn
methamine 15 most Likely that sequential blochs are produced along a single
important metabolic pathway The role of the sulfonamides as antagomsts
of  aminobenzoic acid 1s well known and 1t 15 also well known that pyrimeth
amine has structural similanities to folic acid and sometimes acts as an antago
st of folic or of folimc acd

The work of Hitchings and his colleagues*® 4! deals most thoroughly with
the theoretical aspects of this problem and the 1 10 studies such as ours on
Toxoplasma are based matenally upon their prior o turo msestigations  The
papers cited, as well as others by the same authors should be consulted by
anyone with an nterest 10 this field

Other actie drugs A large number of drugs from groups other than the sul
fonam:des and the pyrmidines related to pynimethamine bave been tested 1o
our laboratory 1n the laboratory of W A Summers and, to a lesser extent
elsewhere  Active compounds have been found n a number of groups but
none of practical importance have been found eacept perhaps m the sulfone
group

The sulfones were found to possess antitoxeplasmic activity by Biocca 1n
1943 and 1 a series of reports his group described actwvaty for a number of
compounds of this group mcluding 4 4 diaminodiphenyl sulfone # ¢ # Ac
trvity an this group has been confirmed by a number of mvestigators since the
ongnal report * ¥ % The progress i studyng this group up to 192 was sum
manzed by Eyles in a previous review *1n which 1t was concluded that more
work 1s necessary for proper evaluation

During the past three years we have performed estenswe experiments using
sulfones that a prelimmnary screening had shown to be particularly active against

1 The data acc lated which are bein,, prepared for publica
tion tndicated that none of the sulfones tested was superior 1n any way to the
most actnve sulfonamides

As might be eapected 4 4 diaminodiphemy! sulfone was among the most
actne and activity of the other sulfones for the most part was probably re
Jated to degradation in the host to this compound however a few compounds
that could not by virtue of their structure thus degrade did show materal ac
tiat;

Bg\.:rle) et al * have reported the use of 4 4 diamnodipheny! sulfone n ex
perimentally induced acute initis n rabbits A benefical effect nas observed
that was augmented by the use also of cortisone

That the mode of acuion of the sulfones 1s probably similar to that of the sul
fonamudes 15 demonstrated by the fact that sy nergism with pyrimethamine does
occur  }ossibly some of the sulfones might be useful in cases 1n which hnown
ntolerance of the superior sulfonamides exists but the information we have
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obtamned so far leads us 10 hsagree with Cross = who concluded that Diasone
and Fromut were more active than sulfadiazine

Antibioties have Leen extensively tested against tovoplasmosis — \ number
of these have been shown 10 be active to some degree the best probably betng
chlortetracy chine { \urcomycn)  The activaty of this substance was discov
ered by Summmers? and has been watamed by severul other mvesugators ¥
*¥ Vanying deprees of actinaty have been discribed ranging from no effect
{\dams m embryonated eggs) 10 mere prolongation of Lie for a few days to
eradicatton of the parasites

In our own worh wsth this agent we have been able to produce apparent
cutes an more than half of a yroup of intrapentoneally infected mice given a dict
containng 800 mg per went of chlortetracychine for 14 days ®  All ammals
that sunvaved 42 day s appeared cured

On the other hand Steen® obsenved survinal fur 40 days in carreer state 1n
mice gnen 01 my g1 d for 12 days  Probably strain differcnces account for
his and other discrepancies in the reports on this drug but certainly fayorable
eflect 15 obtained only with enormous dosages much larger than thase that
oould be attained 1n man

Chlortetracy chine has been used unsuccessfully 1n at Jeast two human cases
of toaoplasmosis as will be pomnted out Jater  Mohr and Westphal®® ¢ re
ported the drsappeatance of dye test antibodies 1n man follonmng the admims
tration of chlortetracychne but I renkel ef al ® and others wete not able to con
firm this nnding,

The other tetracvehines also eatubit actnvaty  Giroud and Galard® re
ported that ovy tetracy chine (Terramy cn) atthe rate of 100 mg perkg perday
for three days prevented death m mtradermally noculated rabbits and was
supenior to chlortetracy cline 1 this respect Lut Puech® reported negatine re
sults with somewhat smaller dosages  On the other hand Grassi® @ faled
o find any activity for oxytetracy chine tn mice  Ourlaboratory ® * found that
some prolongation of life was produced in muce by very larye doses of this drug
25 did Ganin ® Cronroos® also observed weak activity 1n embryonated hens
egg>  Bogacz ! found that ogytetracychine had actinsty m bo h rabbit and
mouse tnfections  Nobrega and (10vannony,* using pigeons concluded that
this dmyg produccd a bacteriostaticlibe effect that allowed development of
immunity m treated ammals  Crema and Ambreck obsersed httle or no
atuvaly 1 mice

Tetracy chine was found by our taboratory ¥ to be defimuely wferior to chlor
tetracy cline on a gram for gram basis but did prolong, the life of treated mice
2nd thas shight acuion was also observed by Palencia et ol

Cross and Joseph® reported slight prolongaton of the hfe of mice treated
With chloramphenicol {chloromy cetin) and ths was confirmed by our Jabora
tory ¥

Christen and Thierman®* found that putomycan known under the trade name
Stylomycen and unfortunately for some trme distnbuted under the name
\Chmm)cm produced prolongation of life in mfected mice  This observation
“as wade independently by our laboratory  In unpublished studies our
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laboratory has found that activity 1s possessed by a number of puromy cin ana
logs and that the action 1s antagomzed by large doses of adenine

Other antibiotics which have been found shghtly active 1n mice include fuma
gllin® # and erythromycn * 2  Bogacz® 7 reported that erythromyemn and
magnamycin were active against toxoplasmosis in rabbits and that spiromycin
was active both 1n rabbit and mouse wfections

Exven though ne antibiotic has yet become avalable with sufficent actmity
to be of practical importance in the treatment of toxoplasmosts slight activity
has been found to be present widely in the antibiotic group  For thus reason
new compounds should be carefully tested as they become available

Another chemical group possessing antitoxoplasmic actwity is the dibydro-s-
tnazines now being studied by Winters and Foley #*  These compounds which
have some antifohc acid properties also act synergistically with sulfonamides
but insufficient mformation has been developed as yet to determne if practical
mmportance will be possessed by this group

It1s not within the scope of this review to list the large number of compounds
that have been found to possess very shght antitovoplasmic activity or theeven
larger number that have been found to possess none  For those interested 1
these compounds for theoretical reasons or as a guide for continued work on
the chemotherapy of toxoplasmosis Summers and Ejles’ have collaborated
in the preparation of a summary of the screening work done 1n their labora
tones and Eyles ? presented some matenal on the minor drugs in a previous
review

One generahization can be denved from the results on the vanety of sub
stances tned that 15 that anttmalanal activty 1s very often associated with
antitoxoplasmic activity although the reverse 1s not always the case  Illus
trative of this general finding 1s the activity agamnst both parasites of pyn
methamme  sulf des sulfones compounds related to paludrine some
quino} and the naphthoq Lapmone Also worh so far indicates a
parallel in activity agawmst the two parasites among the antibiotics  Whether
the above evidence of physiologic simlanty 1s indicatine of phylogenetic re
lationshup remains to be determined

The treatment of toxoplasmoss in man  Exidence bearing upon the action of
antitoxoplasmic drugs 1n man has accumulated slowly because of the scaraty
of recogmzed cases and the difficulty of controlling the results of study De
<pite these lmutations some evidence as to the effect of drugs 1 man 15 becom
g available

Sulfonamides have been used 1n a numer of cases of acquired tooplasmosis
with results that are difficult to evaluate  Rass ¢f al™ used sulfadiazine 10
one fatal case of acquired toxoplasmosis with no apparent benefit and this
drug failed to chech the course of a fatal ifcction reported by Sexton et af ™
In this second case however mediation was prabably not started suffiently
early to gnea fair tnal - Sabin™ used sulfamlamide dunng the final weeh 1 a
case of encephalitis due to toxoplasmosis but the case terminated fatally al
though the fever abated somewhat for two days aftcr imtiation of the drug
Beverley et al ¢ recently used sulfamethazine 1o a laboratory acquired case
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that became fever free within ive days but the authors stated no conclusion
a5 to whether the cffect of the thetapy was warmanted

In contrast Hurmann treated a laboratory nfection with the sulfonamde
preparation supracid (a muxture of sulfamerazine and globuaid) and attnbuted
the complication free recovery of hus patient to this drug and earher Franke
and Horst™ reported good results 1n several cases treated with another sul
fonamide preparation solu supronal which also contains sulfamerazine  Rob-
nson® reported ful with sulfathsazole and emetine n a pe
cubiar case of phalitis wath cl In none of these cases
was Toaoplasna recovered in laboratory amimals although organisms were re
ported seen 1n all except that of Hormann i either spmal flwmd smears or 1n
rreparations from shin lesions

Antibiotics have been used m a few cases of acquired toxoplasmosis  Chlor
tetracy cline failed in the case of Kass ® and the case of Sexton 7 just as (hd
sulfadiazine but Meira ef of ¥ reported f: ble effect for ch h
atase 1n which typhod fever was onginally suspected  More lml\) \hch:l
o al % reported possible fay orble results from the use of ery thromy cin i a case
of adult toxoplasmosis Lut in these last two cases serologic evidence only was
the basis of the diagnosis  Biocca and Grieco®® stated that they treated one
case of human toxoplasmosis with complete success with 4 nitro-4-formy!
aminodspheny } sulfone but provided none of the particulars necessary for cnt
tcal evaluation

The recogmtion of two laboratory cases of tosoplasmosis during the last two
years has provided opportunity for testing the action of pynmethamine and
sulfonamides against acute adult toxoplasmosis  One of these cases occurred
1n our laboratory® and I am mdebted to Don hayhoe Henry Beye and Leon
Jacobs of the National Institutes of Health for information regarding
the other ¥

In the case in our laboratory the worker became il the pnincipal symptoms
being fever maluse and lymphadenopathy  Parasites were 1solated 1 oice
from blood and from an excised lymph node  Treatment was intiated within
one week of the acute onset at about the time of the 1ppearance of arash  \n
initial dose of 50 mg of py nmethamne was followed by 2> mg in six hours and
2>mg perday thereafter for twow eeks  Along with the py nmethamme 6 gm
per day of a tnple sull equal parts of sulfa
diazine and sulf; h was also ad d Fever dis-
appeared within 24 to 36 hours and the other sy mptoms promptly abated The
cimcians observing the patient were unanumously of the opinion that a thera
Ppeutic response had occurred

In the second case also proved by recovery inammals the course of events
was very similar to that descnbed above but the patient has not been observed
sufficiently long to allow evaluation of the results of treatment

Although it 1s quite within the realm of possibility that spontaneous remis-
sion of sy mptoms occurred 1n our case the results are nonetheless encouraging
and they constitute some evidence at least that these drugs are effectine
acquired acute infections  Petrovichy ® 1n Czechoslovakia also recently re
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ported the cure of a case of acute toxoplasmic meningoencephalitis in an adult
with pynmethamme and sulfonamides but this case was not parasitologically
proved  Petrovichy has informed me he has also been successful in other
cases ¥

The results of several studies on the effect of py rimethamine and sulfonamdes
aganst granufomatous uveitis and chonoretinitis have become available dunng
the last year, and other studies are in progress The first report was that of
Ryan and his associates®® from the Chnical Center of the \ational Institutes
of Health Twenty five of 29 cases p 1 to rep pl:
showed improvement suggesting favorable response to the therapy FEight
responded within one weeh and 17 within one month  Since 3 of the 29 cases
had been treated for only a short time only one case appeared to represent fail
ure of the treatment  Ryan s group provided data on toxic side effect and cau
tioned agamst the use of the drugs except under close medical supervision A
number of dosage regimens were used mcluding pyrimethamme at dosages
up to 100 mg per day but no correlations between dosage and therapeutic
effect were made

Cassady ef al 11 1925 stated that they had treated 11 patients with dosages
of 2> mg of py nmethamine per 60 pounds body weight per day plus 1 gm of
sulfadiazine per 60 pounds per day  Results of the treatment were very good
in most of the patents Cassady ® however has wformed me that lesions
of some of his patients have shown renewed actnvity since the discontinu
auon of treatment  In 1 of the 11 patients depression of leuhocy te and plate
let formation occurred with neatly disastrous results

More recently Hoover et al *® reported on the treatment of 22 cases of pre
sumed toxoplasmosis of the eve They observed some improvement 1 13
mnduding 4 i which excellent results were achieved  No improvement was
noted 1n <1< cascs and three were doubtful  These mvestigators employed 25
mg per day of pyrimethamune along with sulfonamides  In spite of the lower
dosage they had two caces of severe leuhopenia requining transfusion treat
ment

In Memphis our laboratory ts cooperating with several ophthalmologists 12
studyn,, ases presumed to be toxoplasmosis A number have been treated
with pynimethamine mostly at 50 mg, per day plus tnple sulfonamide or sul
fadiazine at 4 gm perday  Several patients have shown marked improyvement
which 15 believed to be due o the treatment  \o severe touc side effects have
been noted up to this ume  Detauls of one of these cases have been reported

The experience so far with the treatment of 1oxoplasmosis of the eye would
strongly suggest that success may be adueved at least m some cases  Since
the diagnosis 1s alway s presumpti ¢ and based 1n part at least upon the elimina
tion of other possible causes 1t 13 very hikely that misdiagnosed cases are fre
quently mcluded mn the treated groups  Iaradowcally success 1s apparently
beng obtained aganst the chronic ocular discase even though the drugs would
not be expected to act against the pseudocy st stage of the parasite  1robably
this 15 an indacation that the drugs wct by elimnating foct of active multiplica
For that reason 1t 1s not surprising, that some recusrence of activaty has

tion
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been observed in treated patients possibly as a result of renewed proliferation
from remaining pscudocy sts

Studies made so far of the treatment of toxoplasmic eye disease are subject
to the vald cniticssm that formal control groups have not been mamntained by
the ophthalmologists parallel to the treated proups  Thus the possibility that
much 1f not all of the response may represent spontancons remission remains
All of the ophthalmologists involved in'these studies howeser, have had ex
penence with many untreated cases and are m a good position ta evaluate the
response observed  Lossibly this 1s a substitution of art’ for science  and
1t 15 to be hoped that in the future controlled studses will be carned out

Before leaving the subject of the treatment of ocular toxoplasmosis atten
tion should be called to the fact that pyimethamine has been given in some of
these cases at levels approaching those towc to man  In the more than 70
cases summanzed there have been three cases of serous toxaty It should
be emphasized that careful medical supervision 1s necessary and that frequent
blood studies ncluding platelet counts are essential if this drug 1s 1o be em
ployed at high dosages  \ore investigation 1s necessary to determine if lower
dosages are effectine as the work of Myatt of of ** hasindicated that 2> mg per
day can be given for long penods without toaicity 1n most normal adults  Ire
liminary expertments with nuce indicate no interaction of pynmethamine and
the sulfonarmdes 1n the production of acute or chrome toxiaaty

Our knowledge of the of c 1 1 15 even more
meager than that of the other mamfestations of this discase  Some attempts
at therapy have been made particularly with sulfonamides but 1t 15 virtually
impassible to evaluate the results  In large measure this is due to the fact
that by the time diagnosis 1s made in congemtal cases there 1s usually extensive
arreparable damage so that treatment could have enly the result of preventing
further damage  It1sto be hoped that earhier diagnosis may result in the recog
nitton of some cases before extensive damage has taken place and that treat
ment may be attempted 1n these or that the discase may be recognized in the
mother so as to allow treatment of the mother prior to birth

Summary and Conclustons
Extensy on the of toxop! 1 laboratory am
mals are reviewed with the conclusion that there are two groups of drugs with
promising activity  These are the sulfonamides the most actave of which are
the sulfapy nmd I and sulfad) an
swifapyrazine  The second group is the 2 3 diamino pyTumdines the most
active of which 1s pynmethamine  Less active compounds have been found
among the sulfones the antibiotics and other groups
Although possessing, marked activity indivdually perhaps the outstanding
charactenstic of the sulfonamides and py nmethamune 15 that they act together
synergistrcally most likely by imposing sequential blocks upon the metabolic
pathway 1nvolving para amunobenzoic aaid folic acd and folinic aad  This
synergistic action makes 1t possible to obtain chemotherapeutic effect with
much lower dosages than with the drugs individually

@
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Parallel with the reports of outstanding activity i ammals, reports are now
appeanng describing the use of sulfonamides and pynmethamine 1n human
tovoplasmosis ~ Although the evaluation of these reports 1s very difficult 1t
“ould appear that acmny agawst both acute acquired tovoplasmosis and

uveltss and ct 1mtis 1s b g reasonably well substant:

ated
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ON THE NOMENCLATURE OF BESMOITIA BESAOITI,
A PROTOZOAN PARASITE

By Willam L Jelhson

The Unsled States Departmeni of Health Education and W elfare Public Health Sertice N alional
Instsiules of Health ational Microbiological Institute Rocky Mountain Laboratory
Hamslion ont

‘The describing and naming of a new Toxoplasma like orgamism m the genus
Besnoura by Frenkel'® (1953) has prompted an inquiry tnto the nomenclature
of the genus and of B Jesnout1, the only species previously hnown

The orgamsm described by Frenkel, Besnoutia zellisons came from a white
{footed mouse Peromyscus mantculatus 1 Lemhi County Idaho and has been
successfully blished and d n Jab y anymals It has been
the subject of two additional papers by Irenhel ¢ 17

A review of the hterature concerning the generic name Besnoitre and the
species B besnols reveals an unusual amount of confusion that can be sum
marized and possibly clanfied The exact author credit for the names stll
may be indefimte  The pertinent literature on the subject 1s presented 1n chron
ological sequence with the writer’s interpretation

1912 (N ber) A causing cutaneous and internal
lesions 1n cattle 1n France (unc 1acke pyréncene) was studied and described by
Besnoit and Robin'  These investigators tentatively referred the organism to
the genus Sarcocyséss  They realized that it probably wasanew species  They
did not propose a name for 1t Other contributions on the subject by Besnoit
and Robin and reviews of their paper are dated 1913* 7 and 1914 %

1912 Marotel discussed the ongnal paper of Besnoit and Robin at some
length and concluded his remarks with the following statements

Nothing simlar has been found 1n animals

Messrs Besnost and Robin therefore opened up a new field for this reason
therr names deserve to remam connected with the wonderful discovery and
this 15 why I propose to designate their parasite with the name Sarcocysiss
besnorts  (Translated from the French )

This appears to be the first proposal of a species name and since 1t 15 accom
pamed by descriptive matenal the name 1s considered valid and has been ac
cepted by later wnters

1913 (March) At a meeting of the Socicte des Sciences Veteninaires de Lyon
held November 17 1912 the onginal paper by Besnoit and Robin was discussed
along with other papers  The published record of the meeting 15 signed by P
Bru apparently secretary of thesociety  Bru* records certamn opimions of Mare-

tel regarding the orgamsim and quotes as well the two paragraphs I have given
above In casual reading one might conclude that Bru 1s proposing the new
name which 1s definitely not the case

1913 (May) Following the publication of Marotel s remarks by Bru dated
Alarch 1913, A Henry® commented on the nomenclature of the orgamsm  He
discussed the charactenistics of the orgamism used the genus name Besnortia
used the combunation Besnoutia besnosts and credited the authorship of the
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species o Marotel  In this contnbution he stated  In conclusion 1t nould
be prudent to consider, at feast provisionally the protozoan of Messrs Besnoit
and Robin as a particular type  Qur colleague Brumpt wishes to imdicate
to us that in a second edition of his Précis de Parasuologte 1n preparation he
establishes the yenus Besnortia Brumpt for the parasite m question  The lat
ter must now be called Besnosha besnosts (Marotel 1933)  (Translated from
the rench)

Thas short paper contains some description of the orpanism and gives char
acters to dishinguish 1t from parasites 1 the genus Sarcocystis and Globidrum
Although Henry may not have mntended to doso this would appear to establish
and validate the genenc name Besnothis which would now be Besnoitia Henry
1913, regardless of later proposals

1913 In the sccond edition of the Précis de £ arasitologic referred to above
by Henry Brumpt does not use of propose the generic name Beswoutsa though
he docs refer 1o the orgamsm  On page 105 he refers to it as Gastrocystis
Robint dela \ ache (Besnoit and Robin) ' He obviously errsin using the pec
sicname Robim 1nplaceof deswots and he also errs in ercditing the author
ship to Besnoit and Robin 1t 1s entwrely possible that Brumpt was merely
ating the onginal paper by Besnoit and Robin without intending to credit
Besnoit and Robin with authorship of the species name ~ On page 113 Brumpt
refers to the orgamism as  Gastrocysts besnasts (Marotel) and 1n downg so
be employs the correct speac name  Brumpt behieves the change in genenc
assignment 18 Justified

1916 Under the title  Sur la sarcospondiose bovine  Franco and Borges
present an extended and well Wllustrated contnbution on this parasite  They
formally propose the genus name Besnoda as they state Tt would be useful
perhaps to create a new genus for which we propose the name Besuotha which
Just as was noted by Henry was already suggested by Brumpt  The parasite
described by us 1n Portuguese cattle and that of the cutaneous sarcospondiosis
of Besnoit and Robin would now be Besnowza besnorts (Marotel 1912)  (Trans
lated from the French )

Tranco and Borges were cognizant of the comments by Henry but apparently
considered that his contrnibution did not validate the genus name  Although
this 15 the first formal proposal of the name Besnostia the present witer 1s of
the opinion that 1t 1s antcdated by Besnotha Henry 1913 and therefore un
necessary It 1s fortunate that they agreed on the same genus name

1916 The Zoologcal Record contams the entry Besnoitia genn for Sar
cocyshis besnot from cattle Franco and Borges Arg Inst Bact Camara
Pestana 4 p 269 * There 1s no previous entry to Sarcocyshs besnotts in the
Zoological Record (1912-1916) 1 so there 15 no ndication here as 1o whom the
species 1s to be credited

1926 Wenvon" changes the name of the orgamstm to  Globidum besnotts
(Marotel) andstates Itis evidently \ery similar to the members of the genus
Globidium 1n whach 1t scems better to retan 1t at present as G besnatls

1927 Brumpt"? follows Wenyon in the change of the genenic as jgnment
but errs agamn 1 crediting the authorship to Besnoit and Robun instead of to
Marotel for he lists Globsdium besnouts de la Vache (Besnoit et Roban)
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1939 The Nomenclator Zoologicus b) Neave® contams the entry ‘Bes
notfa Franco and Borges 1916 ~———

1949 Brumpt™ 1n a sixth edition of his Précis used the combination Bes
nottia besnottz” for the legend of an illustration on page 62 He also refers to
Globidum besnoits n his index refernng to page 536, but the species 15 not men
tioned on that page  On page 557 helists Glnbxdmm besnouts de la Vache (Bes
noit et Robin) * so he 1s at least consistent m the error of crediting Besnoit and
Robin with the authorship of the species name

1923 Frenkel™* employs the generic name Besuotfia 1n describing a new
species B pellisont from muce

On the basis of this chronology the name Sarcocystis besnouts dates to Maro-
tel 1912 The genenc name Besnotlra, dates to Henry 1913 and the correct
combination 15 Besnouita besnortr (Marotel, 1912) Henry, 1913

The present wnter offers no opimon on whether or not these two species de
serve the distinction of a genus separate from Gastrocystis Globidsm, or Sar
cocyshis
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TRANSMISSION OF THE PROTOZOAN BESVOITI
JELLISOVI BY INGESTION

ByWllam L Jelhson W J 1ullerton, and Hazel Parher
The & wited States Depa mend of Hlealth Eduction and W eifare Publc Health Sersice \atronal
Instriutes of Health Nais nal lh;lm:;[lp(wll[ Institute Rocky Mounta n Lobwatery
amilton Meonl

A Toxoplasma ihe orgamsm infecting a wild mouse Peromyscus manculatus
1 Lemhs Caunty , Idaho was descnibed and named Besnotia jellisont by Fren
Lel {193)  Frenkel {1953 1920) was able to establish and marntawn ths pasa
siie 1 laboratory white mice in which it produced acute fatal disease in some,
and chronic snfections with devclopment of typical globidial ¢ sts 1n others
Interest 1n this orgamsm 1s due to 1ts sumlanty 1w certan stages to Tozoe
Plosma gondny and to its relationship to Besnoutta besnosts (Marotel) which 1s
an important parasite of domestic cattle
The mode of infection 1n nature with B desnaits1s unhnown It has recently
Leen transmutted expenmentally to cattle and alse to rabbus (Pols 1924z
195b)  Pols {19>%a) states The maintenance of GI besnasts |= B besnorts}
1n rabbits will greatly facilitate studies on the hfe ¢y cle of this parasite deter
mine the host range and evaluation of chemotherapeutic agents
The discovery of a new member of this genus as a patural parasite of wild
myce and as one readsly adaptable to laboratory muce provides another tvol
for a study of the Itfe lstory and pathogenicity of this important group of path
ogens which mcludes Globidium Sarcocrstis Toroplasma and Besnoilta
Besnottia gellisons 1s easily transmitted to mice and to a wide vanety of other
rodents and rabbits by 1ntraperitoneal of 1ntrayenous rooculation of perttoneal
fluid frore an acutely al ammal or wath organisms from cysts tn an animal saith
chromc nfection These modes of transnussion however would not account
for mamntenance in nature  J reliminany observations i the laboratorv sug
gested that transnussion sametimes occurs through wgestion and as wild muce
are hnown to be canmbalistic this would account for some transmission m
nature To determine the effectiveness of transmission by mgestion two ex
were p In one e the p 1 flud from a
monbund white mouse was fed to htters of white mice and m the other organ
1sms from cysts 1n an expenmentally infected Peromyscus were fed to biters of
white mice The details and results of these experiments follow
The baby mice were held under a binocular microscope for better observ ation
while the suspenston was adnunistered orally with a capillary pipette  Care
was taken not to traumatize the mouth area  Only a drop or two of suspension
was tahen by the smaller mice  When the young mice were replaced with the
female she ficked and cleaned them immedately and 1n this w2y sas exposed
to:mfechion  Also as the young became sich 3 few nere eaten by the females
Exp I T by feeding from cysts On March
10 195> an adult white footed mouse I eromyscus mantulatus woculared
over five months previously with B jelfisoms by intrapentoneal injection was
acnficed Tt contained numerous cy sts afled with the slender erescent shaped
o charactenstic of the globidial stage of the infection Cysts were
mn

i
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TaBLE 1
ResULTs 0f FEEDING BEsn0iT1a ORGANTSMS FROM Cysts TO MICE
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present mn the subcutaneous tissues pentoneum lungs, and pleural cavity
A feeding expeniment was performed using 10 htters of white mice ranging
age from 1 to 19 days  Each htter contained 6 young  Indrvidual cysts were
removed from the infected mouse and their contents were teased out mnto a
drop of chick embryo juice  Within one minute after the cyst was ruptured
the drop was picked up with a capillary pipette and delnvered 1nto the mouth
of 2 baby mouse Each baby mouse recetved the contents of one cyst  Ten
itters of white muice ranging in age from 1 to 19 days were fed 1n this manner
Each litter contamed 6 mice mdicated as A B, C D, E and F 1n TapLe 1
The results of this expermment are summanized 1n TABLE 1 In no mstance
was the maternal female 1n the litters given the infectny e suspension 1tention
ally but she expenenced exposure in groomng the young and 1n some tnstances
in eating the young that died  Five of the 10 females died dunng the course
of the expeiment ~ Organisms were present i either or both, the pleural or
peritoneal fluids of four  One of the five females that died was decomposed
and orgamsms were not found  Five females survived the course of the expen
ment  Of these four were wmnfected and they exhibited numerous globidial
¢ysts when sacnificed on the 46th or 47th day of the experiment  One of the
sunnng femnales showed no sign of infection when sacnficed on the 47th day
Thirty seven of the 60 young experimental mice became infected by ingestion
of a suspension of orgamsms teased from cysts  Mice of all ages from 1 to 19
days became infected At least two out of each litter of si were positive at
death or when sacnificed at the conclusion of the experiment In the 9 and
19-day -old litters every mouse became infucted  Mice sn this expeniment that
were mnfected 1nd surv1ved to the 29th day showed the cystic or globidial stage
of the organism when autopsied
Experument 2 Transmusston by feeding orgamsms from perioncal flusd
On March 10 193> a transfer of the orgamsm was made from an infected mouse
to four mature wiute mice by intrapentoneal moculation  Seven days later
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Tanix 2
Rrstits of FEEDING PERITONEAL FLUID rroM A BE~oitia Inrecisp Mrr &
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one mouse was dead and the others were sick One of the sich mice was sacn
ficed and about 4 cc of pentoneal flwd were harvested  This fluid was nich
in ofgamsms and two separate counts using a hemocytometer gave 1500
and 2 330 orgatustas per emm respectively  The pentoneal fluid was used
without dilution or concentration to feed 10 hitters o to 7 young per litter of
white mice ranging 1 age from 1 to 20 days

The results of this experiment are summanzed 1n TABLE 2 Again the mother
mice were not mtentionally wfected but expenenced exposure in graomung
their young or eating young that died  One female died dunng the course of
the expeniment but infection was not demonstrated A second was missing
The remaining e1ght were sacnficed at the conclusion of the expeniment on the
46th day and had no evidence of infection By this time infecuon f present
would have been manifested by the presence of cysts

Intwo ltters 7 daysand 20 days of age no infection resulted  One or more
mice 1n each of the other hitters became infected  The greatest proportion of
wfection observed was 1a the >-day-old litter where 4 of 7 became infected
Seventeen of 66 of the young mice became infected as evidenced by ninding
orgamsms in the pleural or pentoncal fluid at time of death or by tinding gy sts
1n the tissues after the 33rd day of the cxperument or at its conclusion on the
46th day  This infection Tate 15 about one half that obtained in experument
1 where otganisms from cysts were used for inoculumn  The greatest contrast
13 that none of the maternal females in expenment 2 were hnown to have he
come 1nfected whereas 8 of 10 females 1n experiment 1 became infected

This difference which 15 not especially significant in the case of the young
may be attnbuted to the stage of the organism used for moculum the concen
tration of organisms 1n the noculum or other factors

The results are adequate proof that B gellisons can be transmutted to mice
by ingestion and this method could be effective in hature as mice are hnown
to be canmbalstic
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present in the subcutaneous tissues peritoneum lungs and pleural cavity
A feeding experiment was performed using 10 hitters of white mice ranging n
age from 1to 19 days  Each litter contained 6 young  Indnvidual cysts were
removed from the infected mouse and their contents were teased out mto a
drop of chick embryo juice  Within one munute after the cyst was ruptured
the drop was piched up with a capillary pipette and delivered nto the mouth
of a baby mouse Each baby mouse received the contents of one ¢yst  Ten
Dtters of white mice ranging 1n age from 1 to 19 days were fed tn this manner
Fach ltter contained 6 mice indicated as A B C D E and Fin TasLE 1
The results of this experiment are summarnzed 1n TABLL 1 In no mstance
was the maternal female 1n the litters given the infective suspension intention
ally but she expertenced expostre 1n groomung the youngand in some instances
mn eating the young that died  Five of the 10 females died during the course
of the expeniment  Organisms were present 1n either or both the pleural or
penitoneal fluids of four  One of the five females that died was decomposed
and organisms were not found  Five females survived the course of the expen
ment Of these four were infected, and they exhibited numerous globidial
cysts when sacnificed on the 46th or 47th day of the experiment  One of the
surviving females showed no sign of nfection when sacnficed on the 47th day
Thirty seven of the 60 young expenimental mice became nfected by ingestion
of a suspension of organisms teased from cysts  Vlice of all ages from 1 to 19
days became infected At least two out of each htter of six nere positive at
death or when sacrificed at the conclusion of the expeniment  In the 9 and
19-day-old Iitters every mouse became wnfected  Vice in this expeniment that
were infected and survised to the 29th day showed the cystic or globidial stage
of the orgamsm when autopsied
Eapersment 2 Transmussion by feeding orgamsms from pertoneal flued
On March 10 1922 a transfer of the organism was made from an infected mouse
to four mature white mice by ntraperitoneal moculation  Seven days later
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\lthough the parasite Toxoplasma gindis has been recogmzed for 4/ years
ot more it 1s only since Wolf and his colleagues discov ered its association with
human disease that extenstve research on 1t has been conducted  Thus we are
dealing with a subject that 1s essentially just 16 years old and one tn which
progress can be scen easily from year to year  The tremendous recent activity
1n research on toxoplasmosis was demonstrated well by Markham s analysis
10 the introduction to this symposium

The preparation of this summary 1s particularly interesting to me for the
reason that just three years ago this month, I participated along with others
contnbuting to this publiation in a conference smilar to that upon which
this monopraph 1s based  Dunng the peniod since the previous review much
progress alon,, certain lines has been made but along others much remains to
be done A great mass of information has been presented to you thus far
these pages so in my summary I shall attempt 10 touch mercly on the hih
points and I shall emphasize the challenge that remains before us

Amony, the fing, Tecent ace lisk to which we may point 1
this summary 1s the progress that has been made toward defimng the role of
tovoplasmosis as a cause of disease manifestations with which it had previously
not been associated  Speafically 1 refer to the eluadation of the role of tovo
plasmosis 1 granulomatous uveitis alluded to by Jacobs and to the work of
Sum upon acquired tovoplasmosis

The solution of the puzzle posed by adult granulomatous usetis 15 an ex
ample of the best 1n couperative actinaty between parasitologist climcian and
patholopist  The discovery of forms resembling Toxoplasma by the alert
Miss Wilder followed by the tharough and convincing serologic and parasito
logac studies of Jacobs along, with careful analyses by several ophthalmologists
has persuaded most of us thit Texeplasma 1sa very important cause of acquired
wveitis and chororetimus and that this form of the disease perhaps constitutes
its most important human manifestation

Similarly the brilliant worh of Sum and his colleagues has made 1t clear that
acquired 1y mphad d with e 15 a real cnuity and 1t
remaims only for us to determne with what relatine frequency this form of the
disease prevails Ve must tind out if the small number of such cases seen so
far n the United States 1s due to failure to recognize these cases or if 1t 1s due
to a difference 1n the frequency of occurrence Particularly ntexesting 15
the case cited by Sum that of a chuld with toxoplasmosis born to a mother
believed to have had a toxoplasmnc lymphadenopathy during pregnancy

This case and that of \lexander mentioned by I'renkel are the first cases
Known to me of assouiation of chinical toxoplasmosis 1n the mother with the
birth of children with toxoplasmosis
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Finally, fundamental work on the mode of action of active compounds should
be conunued as the wformanon obtamed may be uscful n ponting the way
tanard other practically effective ageats and will certainly provide sight into
basic physiologic processes applicable not only to Toxoplasms but, perhaps
to other orgamsms as well

Although the i s d by several b to this mono-~
graph has had bearing upon th d logy of 1 (35
that no paper solely on this subject has been proffered  This 15 a reflection of
the fach of progress toward the mode of of toxoplas.
moss and 1t 15 in this area that the outstanding challenge to us remains
Certain hy potheses have been advanced with some supporung evidence, but
none 1s 1n accord with all of the facts known about the parasite and 1ts pattern
of occurrence 1 its vanety of hosts  Some mvesugators postulate muluple
wodes of transmission, and ths assumpuon may well be a fact but we must
guard agamst assuming this solely through the necessity of explamning observa
tions not 1n accord with our favored hypothesis

Continued studies such as those of Feldman and others on the occurrence
of serologic reactors 1 different populanon groups may ultimately provide
leads as to possible modes of transmission  Other studies of the association
of man with possible host anumals are also 1 order and these mvestigations
may provide px fi In the a fertile field for 1n
S “ithimag, 10 exst

I find that in this summary and challenge I have emphasized the challenge
at the expense of the summary I have done this because I believe that one
of the most 1mportant results of a publication such as this 1s to pownt the nay
toward further progress The pots of view presented and the discussion
recorded 1n these pages should enable us all to reonent our thinking and above
all should stimulate us to renewed activity mn solving the many remaining
problems

P oid U tdSise fAm
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The notable progress exemplified by the worh of Jacobs and his associates
and of Sum should stimulate us to investigate vigorously the extent to which
these forms of the disease occur, and to study the possible relationship of toxo-
plasmoss 1o other disease entities

Feldman has brought us up to date on the present hnowledge of congenital
toxoplasmosis  Extensive research by him and by others has brought us a
clear understanding of this disease entity  We hnow that, although probably
mfrequent this mamifestation of the disease 1s nearly always accompanied by
senous residual damage but even more important we have learned from this
work that mothers of toaoplasmic children can bear subsequent children with
confidence that no tragic results will be produced by toxoplasmosts

In the future perhaps we can hope to discover some means of detecting the
disease 1n the mothers and a method of treatment that will prevent the develop-
ment of toxoplasmosis m the child

Therefore laboratory diagnosis discussed by Eichenwald constitutes one
of our major problems Progress to date has been matenal ~For mstance
the development of the dye test by Sabmm and Feldman was a mulestone i the
Iistory of toxoplasmosis  The use of this test has been of greatest unportance
in dealing with this disease 1n which 1t 15 so difficult to 1solate the actual etio-
logic agent

Exen so I believe that the refinement of the dye test and the devising of
other diagnostic methods should be a major field of rescarch on this disease
We need more information on the specificity of the dye test and of the shin
test as 1s evadent from the discussions recorded m these pages Perhaps
Eichenwald s results with tissue culture techniques may provide a useful tool
for research and for diagnosis and we can hope also for the dexelopment of
more sumple efficient and economic quantitative methods perhaps using dead
antigens that would el the cumb and d; necessity for

stramns of Toxapl 1 dagnostic lab 1e:

Frenkel has outhined for us the present knowledge of the pathogenesis of
toxoplasmosis and has pomnted out the problems to be pursued among which
are the differentiation of lesions produced by ¢yst rupture or by proliferation
of organisms  Alsa reported by Frenlel was recent work on organisms related
to Torsplasma or orgamisms with which 1t may be confused Certainly
further work on these forms 1s needed

In the treatment of toxoplasmosis there have been matenal accomplish
ments particularly m the chemotherapy of eaperimental toxoplasmosis
Even so further effort 1s necessary along seieral hnes

First better evaluation of the practical uscfulness in man of the drugs we
now have 15 an essential line of endeavor and one that presents a most challeng
ing problem  Previously I have alluded to the great difficulty of evaluating
the observed effects In spite of the difficulty of estabhishing satisfactory
controls the effectiveness of pyrnimethamine and sulfonamides or combina
tions must be assessed 1n acquired anfection and ocular toxoplasmosis  Thave
mentioned the dearth of data on the treatment of congenital toxoplasmosis

Second search should be continued for better agents particularly for agents
that may have an effect upon the pseudocyst stage







