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2 Swagnerin Bxpenmentat and Biochemmeal Basss

The matn reason for this discrepancy seems to hie 1n the diffetent
natutes of the iafecting agent Path bactenna are ndepend
organssms which can also grow in an approprate cell free medum
and which 2t only dependent on the host as far as the supply of

15 G Thesr bolism also differs 1n many ways
from that of the host Virutes on the other hand multiply only @
lvang cells and are enticely dependent for theis growth on the enzym
atic actviry of the host cell Putthermore, they differ only very lintle
chermcally from the normal tissue constutuents, and partcles of
stmalar size and composition are also found 1o unafected cells (Cirao
ET AL, 1956)

A recent amdcle entutled © Antwviesl Chemotherapy Cursent
Status” begins as follows

“Stnce 1949 we have accumulated, wathour 2ny special effort
except observaton mote than 1100 references to virus chemotherapy
None has been the crucal paper, thae 18, none has reported « really
satisfactory agent  ” (Curring anp FursT, 1958}

Although 1t 13 true that no anuvires drug so far has found apply
cation beyond the laboratory level, 1t has to be appreciated that quite
a number of substances have been found which not only inhehit the
muinpheaton of virus 1n ussue culture but which also aiter the course
of an mfection in arumals and, 1 some cases, save the animals from
certan death due to the infection with many times the lethat dose of 2
virus Enough data have accumulated to disungush diffetent mech
amsms by which drugs can act and also to evaluate the critera
desitable 1n a successful drug

A survey of the more recent findings 1 virus chemotherapy wall
be given mn 2 later part of this review Research so far has praceeded
along two man hines (2) an emy p h with
screening of 23 many compounds as possibie and (b) 2 so-called
“ragomal” approach Yot a closer understanding of the latter, 1t 15
pethaps perttaent to secall brefly our peesent Lnovledge oa the
brachemustry of viruses and of the processes leading tovirus sy athests

Buochernstry of Virnses

Al viruses contasn protew and nuclerc and {k~rauT, 1934) The
smaller ones lihe pobomg ehtss virus contain only these tw o components
and are nbonucleoproteins ‘The myxoviruses, € ¢ wnfluenza, mumps,
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Newcastle Disease virus, etc, contatn polysaccharides and Lpids 1n
addition The larger animal viruses like vacanta ate even more
complex 1 their structure (SCHRAMY, 19582)

The nucleic actd 1s of paramount tmportance stace it has been
found to carry the infectivity 1n 2 number of viruses even after 1ts
ssolation from the ntact virus This subject has been seviewed 1n the
first volume of this series (CoLTER, 1958), but several new reports
on 1nfectious nuclesc acids from anmal viruses have since appeared
(ALEXANDER ET AL 19§8, HUPERT ET AL, 1958, BROWN ET AL, 1958)

Friscr NIGGEMEYER {1956) has made the extremely tmportant
observation that the mbonucleic acid content of a single virus 15
constant 1n 2 large mumber of vimases regardless of their swe and
weight The amount of nucletc acad 1n all viruses examined cotre-
sponded to a molecular weight of €2 2 6oo’ooo In the case of tobacco
mosaic virus, furthermore, there are indications that thes materzal 15
present as one single molecule (GIERER, 1957, SCHUSTER ET AL,
1958) The genetic prnciple of virus infectivity would then be
represented by one single molecule of 2 000’00 molecular weight Any
process which prevents or alters only slightly the synthests of this
very large molecule mught therefore exert a martked effect on virus
reproduction  This 1s indicated by the high acttvity which some
purine and pyrimidine analogues exert on the multiphicatton of viruses
Simtlarly, any chemucal reaction wath this large molecule might readily
cause mactivation It has been found that the nucleic acid of tobacco
mosaic virus 1s very suscepttble to the action of formaldehyde and
glyoxal derivatives, and 509, inactivation of the infectivity of the free
nucleic actd was observed when only 12-15 molecules of formaldehy de
or glyoxal denivauves had reacted with the amount of nucleic zerd
present 1n one virus particle (STAEHELIN, 1958, 1959)

Processes d arsng Virns Synthesss

Very lutle 1s known about the processes which lezd to the pro
duction of virus inside the cell Tor several varuses, 1t has been shown
that first an adsorption of the virus to the cell has to take place which
apparently 1s brought about by electrostatic forces and may be
reversible under certain conditions (ToLmac, 1957) In the case of
tobacco mosatc virus, 1t 1s known that nucleic acid 1s set free on the
surface or tside the cell and that the infection goes through a nibo-
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over the snhubimon of protem synthesss The size of the nucleic aerd
molecule 15 considerably greater than that of the protein subunts,
over 100 mes in the case of tobacco mosatc viras (Scrrasms, 19;8)’
Only one mofecule 1n each virs particle has therefore to be afiected
2s agawnst the much latger number of protem suburuts (ca 2000 10
tobacco masaic 1 srus, RAMACHANDRAN, 1958)

For the nbonucterc acrd containing virtuses 1t would seem 1m
portant to sohubit specifically the synthesis of nbonuclese ad (RNA)
without affe the bolism of deoxyut letc 2c1d (DNA)
RNA differs 1n several ways chemically from DNA, and the following
charactenistics can be used for the development of speaific RNA hiby
tors

{2} Reborr Mazay putine and pytiemdiae analogues wahehie boek
RNA and DNA synthesis 1n general Substitution with exther nibose
ot deoxynbose to the nboside or deovynboside can direct thewr
actuwsty preferenually towards the mhibition of one nucleic acd
according to the closer resemblance with the respective precursors
The signuficance of this structural speaificaty of the sugar cotponent
for the inhibitton of virus <ynthesss can be seen for nstance in the
finding that the nboside of § Fluorouracil 15 a much more effective
suhubstor of the growth of tobacco mosaic virs than 1ts deosyniboside
(SraenErmy anp GornoN, 1959) Tasnt (1956) has also produced
evidence that nbosides of halogenared benzamidazoles are more
selectve inhibitors of influenza virus multiplication than the free
benzimmdazoles ot their deovynbosides D sibofuranosides wete
found 1o be active 25 mnhibitors of virus growth at much lower con
centrattons than the free benzmudazoles and, n addinon themhubitory
concentranon of the nbpsides proved to be a much smaller fraction
of the toxic dose than was the case with free benzimidazales or thee
deoxy ribasides

(o) Urace! Arother e 15 the bse comp
. B

stnce uracil

found that the size of the halogen subsutuent deteraunes Wi Lilstac «
of the compound The van der Waals radu of fluorine and bromne
of hydrogen and the methyl group xespec

reserabling closely those P

wvely, the size and shape of 5 Bromouracsl 1s very simular to tha
thy mune, and that of § Fluorouraail sirular to that of uraci
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s-Bromouracul, espectally 1n the form of its deoxyriboside, was found
to be an inhibitor of the synthests of bacteriophages which contam
DNA (CoHEN AND BARNER, 1956), but was without effect on the
synthess of tobacco mosaic virus (STAEHELIN AND GORDON, 1959)
s-Fluarouracil, on the other hand, inhibited the growth of thus virus,
and 1ts action was reversed by uridine but not by thymidine

Simularly, thtouracl, an antagonsst of uracil, 1s one of the most
potent inhibitors of tobacco mosatc virus synthests (COMMONER ET AL ,
1952) Tts effect 15 reversed by urzail Specific mhibition of RNA

thests 1s strongly sug since the ikt of bacternal gtowth
by thiouractl 1s seversed by uracil and not by thymine 1n contrast to
some other uracil analogues (PULESTON ET AL , 1955)

{c) Reactusty of the bases The purnine and pynimudine bases of DNA
ate 1avolved in the strong interstrand hydrogen bonds of the double
stranded helix and are very unreactive In RNA, however, the amino
groups of the bases ate very reactive (STAEHELIN, 10¢8) and this, 1
accord with other observations (ScHrAMY, 1958b), 15 strong evidence
that RNA 15 a free, single stranded molecule This difference 1n the
seacuvity of the bases has also some bearing on the effect of various
antivirus sut Dicarbonyl compounds which inhsbat the growth
of influenza and other viruses 1n eggs, react speafically wath the
guatune groups of RNA (SraeneLIN, 1959), but not of DNA Only

a B . A

whereas DNA does not (STALHELIN, 1938) The chemcal reaction of
the virus nuclese acid which leads to 1ts 1nactis atton can also take place
10 the intact virus although somew hat stronger conditions are usually
fequired But since the virus protein and the viras nuclac 2ad are



10 SraemetiN  Expenimental and Brochemical Basis

Although a chick embryo fepresents an infact organtsm, many
more substances have been found active 1n eggs than 1n tatact ammals
The followtng reasons have been suggested by HinustA Ex AL (1958a)
(a) The 1njection follows usually at the same place whete the virus

1s given
(b) The substance 15 often given together with the virus
(©) An embryonated egg 15 2 closed system with no excretory

mechanism
For these reasons, drugs could have much easter access to the virus
and the sites of vitus synthesis and might also semain active for 2
much longer period of time than m the hatched aimal But pecu
lansties 1 the metabolism and reststance of embryome cells in general
nught also be of importance

4 Ammals The crucial test for a compound s the proof of 1ts
therapeutic activity 1n an nfected animal and here many compounds
which show activity 1n tissue culture or eggs fail to show an effect
Mice are usually used as test ammals and some compounds have
shown activity 10 monkeys Diffe 1n the ptibility of various
ammals have been described Thiosemicarbazones mhibis the growth
of vacanra tn muce but not 1n rabbits (THOMPSON ET AL, 19532)
Mepacrine was found effective only n mice and young rats but not
m any other anmal tested (HursT, 1957) Netropsia protected mice
moculated 1ntracerebrally with vaccimua virus but falled to prevent
the development of lestons a the stte of virus moculation m the skin
of rabbits (ScuapeL, 1953) The frequently observed higher sus
ceptibility of mice nught be due to the lower toxiaty which some
compounds extubit towards mice so that they can be used at relatiy ely
higher concentrattons than in other amimals

Dufferences have sometimes also been noted according to the route

by which the virus is given 2,6 Draunopurine was found to be active
1k ) of Russian Spring
erebral MooRE

agamnst i: oneal and
and Summet Encephalitis butnotagasnstnts
AND FRIEND, 19§1) \erosine was actise agaimst intracerebral but not
against mtravenous injectton of wnfluenza visus (Groure, 1934)

C ds n1th Chemoprophylactu or Chemotherapentsc Actnity

7P

In view of the extremely large number of zeports on virus
chemotherapy, no attempt will be made toward completeness Several
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excellent reviews have appeared on this subject during the past years
(MarTiews AND ST, 1955, Hurst anp Howx, 1956, HorsFatn
AND TaMM, 1957, HURST, 1957) The compounds described heseafter
were chosen as representatives of certain chemical groups, or of
vatious modes of action, or because of the umque properties exhubited
by some Consideration has been given particulatly to compounds
which have shown actvity tn animals The chematherapy of bacterio

phage 1nfections although covering a quite extensive literature was
omutted entirely because of the great dissimilanty in the chemistry,
structure and senstvity between amimal and bactenal viruses

Purines and Pyrimidines

Although punne and d logues have been proposed
as antivirus drugs fot some tme, the theoretical basis for theie use 1s
now stronger than ever because of the reasons mentioned above
Analogues ¢an act 10 two ways () they ean inhtbit the enzymatic
steps leading to the synthests of the immediate precursors of nucleic
acid, and (b) their 1ncorporation into the newly formed virus can
decrease the infectivaty of this virus which then reduces the chances
of further 1nfection of new cells The latter can best be seen in the
spreading of a systemic tnfection n plants At least three analogues—
8 Azaguanine (MATTHEWS AND SartH, 1955), 2 Thiouraail (Jeener
ET AL 1953), and § Tluorouracil (GORDON AND STAEHELIN, 19358)—
were found to be mcorporated 1ato the nucleic acid of tobacco mosatc
virus grown 1n their presence In all cases the virus containing the
analogue was found to have a decreased ability to initiate an infection
as compared to a normal control

8 Azaguanine

$ Azagnanine (Guanozolo) Marruews (1953) found this compound
to be the most active tnhibitor of tobacco mosate virus among a
senies of punme and pymmidine analogues tested by spraying on

3 Veolgy ol 2
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infected feaves It was only active up to two days after infection and
niot after systemuc infection had begun It was also active tarnip
yellow mosate virus 1n young plants although no actvity was ob-
served 1 alder plants The activity was attesbuted to s being sacor
porated 1nto the nuclesc acid (MaTricns avp Sama, 1955) since
the only ather active analogues, 8 Azaadenine and 4(s) Amuno 1H
1,2,3 Trazolo 5(4) catboxamide were also ncotporated  Tobacco
masaie virus i which part of its guanine had been replaced by 8§ Aza
guanine was found to be only half as infective as normal TMV

8 Azaguanine also spared mice from otherwise fatal intracerebrat
mfection with the virus of lymphocy tic choromeningitis (HAs Anp
STEWART, 1956)

2 Thioutac [

Thionracils CoMuonte AND MERCER (1g51) first described the inhibs
tion of growth of tobacco mosatc virus by this compound The effect
was teversed by uracil (Cownsoner anp MERCER 1952) but only
during the early stages of infection (Jernex, 1957) Simiar effects
were obsenved with 2 Thiocytosine and 2 Thiothymne (Mercer £7
AL, 1953) 2 Thiouraal was 1corporated to @ constderable extent,
10~20%, of uracs) being teplaced by the analogue The tncosporated
thiouracil was reported nat to teplace utacl randomly but to be
preferentrally Jocated in terminal positions along the polynucleotide
chan (MANDIL £ AL, 1g37) These findings rasse some doubts,
smee the numbes of endgsoups tn tobacca mosate virus auclete zad
1s extremely small and since sesults bi d
have been described which were cused by impunities not related
the virus (\MATTHES S AND SwerH, 1957)

2 [huouractl, as well as 2 Thio 4 Phenyl 6 oxy pyzumadine, 46
Diamino-s mitro z thio pynmudine and 5 Alethyl 2 thiouraed caused
complete suppression of the growth of poliomy) ehts virus in snonkey
testicular cultses for a period up to 12 days (KNox ET AL, 1957) In
monkey lidney cultutes, growth was delayed 24 hours and then

)
to
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approached within 1-4 5 log units the virus titer obtained 1n untreated
controls

An examation of the susceptibility of varous types of polio
myelitis virus led to the interesting result that highet concentrations
of Thiouracil and 5 Methy] thiouracit were required to thibit type 1
than type 2 ot 3 virus In general, the effect could be overcome by the
addition of natural pyrimudines

o
I
c a
HN —o0—<__>a
[ —
s= CH
\n"
H

5 (z 4 Dichlorophenoxy) thiouracil

Dichlorophenoxythiouracil was found by TrowpsoN ET AL (19512)
to be the most effective among a senies of Phenovythiouracils 1n
protecting mice against intranasal or intracercbral infection with
vacania Treated ammals seemed to have a lower titer of virus in the
bramn than untreated controls The compound was effective when
given 1ntrapentoneally or whea given wath the diet and was less
effecttve when admimistered 2 days after infection (MiNToN ET AL,
1953)

5 Fluorouracil

5 Fi / 5-T1 1l and espectally 1ts niboside, § Fluorourn
dine, mhibited the growth of tobacco mosae virus 1n leaf discs
(Gorpow AND STAENFIIN 1959) The virus which grows 1n the pres
ence of 5 Tliorouracil shows probably the utmost 1 incorporation
of 2 analogue ever found 1n nbonucleic acid, about one third of its
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uracil being replaced by 5 Fluorouracil Fig 2 shows the electrophor-
etic separation of an alkaline digest of the nuclec acid from togacco
mosaic vitus grown in the presence of s-Fluorouraal -Fluorou-
ridylic acid can be seen moving ahead of the other nucleotides

Fig 2 Incorporation of § fluorouracil into the
nucleic acid of tobacco mosare vieus (from
GORDON AND STABHELIN, 1959)

Electroy of aflcaline hydroly2ates in borate
buffee pH g 2
A Nuclerc acd of vitus grown 1n fluorouracil

B Nuclese acsd of control TMV

The v1rus contaning the analogue was found to have pecuhar
charactensstics 10 regard to its wnfectvity Applied to Nuotiana
santhia, a local lesion host, 1t was found to cause exactly the same
number of local lesions as did 2 normal virus In Niottana tabacur,

however, in which the virus causes a systenuc infection, much less
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virus 1s produced at 2 given time as compared with the yield from
notmal virus (Fig 3) From these experiments, 1t was concluded that
while containing an equal number of infecting units, the ability of the
virus to nitiate an infection was impaited (STAEHELIN AND GORDON,
1958) A stmular phenomenon has been reported for a virus contatning
thiouraci! (JEENER, 1957) The action of 5 Fluorouraesl was not spectfic
for the virus since 1t also aflected the RNA metabolism of non
snfected plants (StAEnELIN Anp GORDON, 1959)

60

Veews Y eld mg

2 g
Time of Incubation Days

Fig 3 Yicld of virus afier ifection with tobacco mosaic virus contaming
flsorouracil (fom GORDON AND STAEHELIN 1959)

5 Fluorouracil also prolonged the life of mice infected 1ntra
cerebrally with the virus of lymphocy tic chonomenngitis (Levy anp
Haas, 1958)

rlm.

2 6-Dianunopurine

2,6 Dianmopurme This was the most inhibitory among a number of
compounds tested by THoupsON LT AL (19350) on the growth of
vacemna virus 1n munced embryonic tissue Tt also inhibized the MET,;
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(Lansing) stramn of poliomyelins 1n ussue culture (Browx, 1952) and
Russian Summer 2nd Spring encephalins 10 mmced embryomc
chicken or mouse tissue culture (FRIEND, 1951) With the laster arus,
1t was also effective 1n mace ntraperitoneally and imcrezsed abou;
threefold the percentage of mice sutviving after intraperitonest or
subcutaneous infection, although no effect was observed on tatea
cerebral infecton (Moore anp Frunb, 1951)

Bengmdazole Derswatives

NH:
N N
N ’k/ » a, NV cH, N
f [ cn cml | cu c f cH
Y N AN He J\N/
iR H
€ é/,“ Lo
|
HCOH { HCOH | m‘:ou
| o ] Q |
HCOH | HCOH | HCOH |
He— He—! He—
CHIOH CH:OH CHOH
Adenostae 56 Dichloro-l § D ribo 5 6 Dimethylbeozimidazole
furaqasy! benzimidazole nboside
(DRB) n Vit B1Y)

The studies of Tast and his associates on benzimidazole dertva
uves tepresent an extremely interesting example of the development
of dertvatives with more desirable propesties from 2 basic component
(T sy, 19562) Halogenated and alhslated benzimidazoles, ortgimally
constdered 2s antagonists of 5,6 Dimethy 1 benzimidazole, 2 component
of Vit B ,, were found to be more actrve mhibitors of the growth of

fi varos than Y drztie, and thewt nhosdes proved w be
even more powerful Tarnt (1956b) also compared the concentra
tions which caused macroscopic damage and reducuon in oxygen
uptake to the chonoallantoic membrane of embryonated eggs w tutre
with the concentrations necessary to whibit multiplication of nflu
enza B virus (Fig ) The toxic concentration of benztrudazole
was found to be three times higher than the iphibitory concentration
# D Ribofuranoal dernatnes were not only active at much Jower
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concentrations but also more “selective”, 1e the ratio between the
toxic and inhubitory concentrations was twice as high with §,6-
Dichloto # D nibofuranosy! benzimsdazole (DRB) and six tmes as
high with 4 5,6-Trichloro 8 D nibofuranosyl benzimidazole (TRB) as
with free benzinudazole This “selective™ actron was speaific for the
B nibofuranoside, neither the f-D nibopyranoside nor the arabinos:de
showed any higher selectvity than the free base The f# D ribofuranosyl
form beng the natural form 1n which nucleotides are present in
nboauclere acid (RNA), this might indicate that the “selective™
action 15 due to a specific mhibition of RNA synthesis with less
inhibitory effects on other functions of purine bases, eg deoxy-
nbonucleic acid sinthests The inhibition of the incorporation of orotic
acd tnto nbonucleic acid by DRB (ALLFREY, 1957) as well as the
finding that adenostne blocks the action of DRB on influenza virus
(Taxe aAND OvERMAN, 1957) corroborate this assumption  Also,
with vacana virus which contains DNA rather than RNA, the
ribosides were found to be no more selective than the free bases
(Tavst anp OVERMAN, 1957) when the virus was grown in chorio
allantoic membranes

—+—VIRUS MULTIPLICATION —+=VIRUS MULTIPLICATION
OXYGEN UPTAKE #OXYGEN UPTAKE
o= -~OMACROSCOPIC DAMAGE . OMACROSCOPIC DAMAGE
. 3
100 £ Eroof #--z~,
33 o
g 38 \
00| 2 . aof w
4+ g & 3,
Y \
, 60 o wse ",
F . JeekE ¢ L S
ve o= \\\
' 40} " 40|
\ \ 7 ozeon Y
[ LY L N Qe re
20F N R F
L \
\ N
P T VIO crar
[ [
25 OIMETHYLAENZIM DAZOLE M1t0 ¥ $6 DICHLORD | p D RIBOFURANOSYL

BENZIMIDAZOLE, Mxt0 ¢

Fig 4 Virus inhibinon snd tovicity on chorioallantoic membranes (from Tasny,
1956)

Surprsiagly, however, Tasnt anD NEmes (1957) found no
selectrs ¢ effect of DRB on the growth of poliomyelitis virus although

20YNYT 21400504V



18 StaERELIN  Expertmental and Biochemical Basis

the latter contains only nbonucleic acid With this virus, the only
compound which showed a more “selective™ action than benzimida-
zole was 5,6 Dichloro D arabinosyl benzimidazole No clear relatron
ship, therefore, seems to exist between the type of nucleic acd of the
virus and the selective action of A-D nibofuranosides Monkey cells
being used in these experments as compared to choroallantoc

1 10 the exp with the 10l virus, the g
anses whether the selectivity might be dependent on the host rather
than on the virus

But the nature of the virus also seems to be of importance since
with another benzimidazole denvative, 5 Methyl 2-D ribobenzimuda-
zole, Tamm (1956¢) observed an enhancement of the growth of
influenza virus 2nd an mhibstion of the growth of vacania in the
same host (choroallantoic membrane)

Benzimudazole dentvatives showed also some actvaty 1n animals
DRB prolonged the survival time of muce infected with human
1nfluenza virus withont protecting them from eventual death (T,
1956) Apparently, the compounds could not be used in sufficient
amounts to cause marked virus inhibition for a period of one week
or Jonger without damage to the host

KIssMAN ET AL (1955) synthetized §,6-Dichloro--D sibofurano
531 benzimidazole (DRB) and found it not to mhibit the multiplication
of poltlomyeliis virus tn Hel 2 cells 10 up to tovic concentrations
DRB 1n thetr hands also changed neither the mortality nor the mean
survival time of mice infected with the PR$ strain of mfluenza A
vitus In view of this discrepancy regarding the acttvity of DRB, it £s
hoped that expertments on the inhibtory actvity of this iateresting
compound will be repeated tn other laboratories

Theoserncarbazones

=N—NH—C~NH:
=0 s
VNN
H
Tsaun thiosemicarbazone

The chemotherapeutic activity of thiosemicarbazones agatnst
vacanta was first found by HaMRe ET AL (1951) P Armnobenzal



dehyde 34 rh: nocy, nto ¢ yolk saey. Prolongeg
¢ Surviv,) f 1nfe d chyck, Orat su, tancoys
2 Mifitsteapyon had gl ¢ prot, g effec © tnfecteq wit]
Vacey, trzuzsally aldehs do thiosem, thazone Otecteq
large ny, ber of ce the diet 4y, also 5, hen
© Vs g Biven by 4 1 (THO\IPSO\I 1951h;
Severat thy Cathazopes Of hetey, "Mpounds Were g,

20 <o
found ¢, be active by Minroy ET 4 (195 3) Tnomsov ETaz 1953)
“oncluded ¢ t two Properteq are Necessary o Obtain 5 high degree
of antivypy) actiyyey (@) the =N. ~Cs + Broup ¢ such anq
(b) the Presence of 2 ¢yelc Omponan, Isann 2d 5 nitr 2 thena)

Yde were g effective When admyp, ere days 4 ter fection
My 3) T ACtryyy,
ACCtn1a ang *Pecific f, Mice N, actvity yag fo st Se ],
€ncephay, 3 S, Or Se, Fore, S Isatyn thio.
“MiCatbayan, Ve againge 1 tablyeg (Trony, o L.,
19532) E,. (19;1), hoy, % feporteq T0 ang
P acetam,, benzagg, hy thioge, bazon, UPpresseq th, odue.
tton of Pulm 228y lesions !0 cotron ts 1n, late, mrlznzsaHy with
the yipyg f Primary, IPteal py, a,

(1955) re,

‘AUER the Activity of tsaten riuoscnuqrbzzone
3gainst ¢pe ncurorropxc HID Strawn of Vacan, 4 Single doge of the
nsglyp), om, of

€ COmpoyng SUspendeq with the ad IC given
Subeutage, Usly 18 ho, after Infectsop, Was founq to be SUperior ¢
2 single g 3 houys  and mpley, Proteey,,
2BUNst yo, L) 1 Of th, addy,, , there Fhergio
el thiose, bazon, cert, phenoxy thio, racyls,
fnotaby, I Dy Oxy ¢th, i, s the ¢, dcﬂ'ccr
of smaly doses of €ea Sreater oy, ndrvidy,y Cts of
Cither und Parately e vy, 2 S of
treated was y, ually loguny low ¢ R untre,,, Mice, byp
ppzrenrly high g, Use the 'tton of,, dies sy, e
UtViving e FESUIt OF e, Nt wip Isatn gy,
Micarh,, e e 1 4, Ction fr ght o,
3gamst R,p 1 1, ER alsg founq 10 effecy St Othey
Vifuses resulis d by 6) TePorteq

2 19 o
subcutzncous Dection ¢, bea SUper;oy Mode of, Pplicatson Mpared
with mtrzpcntoncal ey, The effect waq also found be festeicy
ed g Mice, no effecy bewg Sten g Tabbyys

Ly ET 47, (i 1957) founq Some tluos:rmurbazoncs actye 2gange



the pg 8 strag, of 0flucny, A viryg 9 tissye Cultyreg In tetcstzngly,
the Actiyyyy Was Teversedq by the addityon 0 of smapy 2Mounsy Of Coeny
COIC 2y,

e 0 S beliey og o be Sompetny, stnce the con.
Centrayyon of panto:hemc ctd yyg dcpcndcnt 00 the cop Ccntmuon of
tluoscmxeaxbazonc These SXPertiments fughe help ¢ elucidy, € the

thiosemycyyy 220nes

Aeridig,

tudlc Hun T and hyg 2S50cratag (Hmsr, 1957, Grepy.

HALGy ET 41, 1956) throy, Some Iighe o,y mrcrcstmg phcnomcna of

Vitus apg host Pecificyyy Among Severa} acndines Yuned, gp,
s,

tmalar;a) dmg p: ® was fo, d to Possess e, Matked
Protectyy,, aCtivyy,, aBaunst 4 g, ruses, ESpecrally aganst Equine
Sncephalyy, S, Rufe Y fever, a5 Loupmgl.lJ(Hu > 1952)
t was nop Active 4 2 prear umber of o €5 Viryg, single
oral doge ¢, IVen before Or soon e Virus Infection
Protecteq , | e b Ce even When byop UnE doses of
TS were ug, d Wth o, Irus g a5 Who, p: 'PPresseq
accordmg Mstered Deposyes Of 2 subgy, With the
&enera] Properpes cridine gp Presumyp; etabolire of
mepacy, ppcaxed 1 the cegpg Iy o rhe cu, Oendothelys)
System The € acry [mepacrme thus cemed to be g me] owconnccrcd

With these , cH

e dy, active g, only in " myce and ady;, tats, > dnacyye 4,
8utnea Ppigs, mbbn duck:ns, or Monkeys Hugsy condudcd that
the 4 active ccmpound Was p:csumably 2 metabolye The Carch for
the Izttcrl ed to Most inpe, esting re, results gy Vatious dcnvztxvcs of
Tepacan c,

! A
— CJ th—N,
NH~Ct ey, (QH‘
C

R ANA N H,



fory Chcmopmpbyhxls 2nd Cbemorhe::py Of Viryg Int‘ecnons 21

Reply, Cemen oFChIormc byag © group R~ No, g+ =
Temoved 5y Atvity for Squine encephalms, but thg Ompoung was
active 8atnst pg ttacos;s and jy m, MPhograny uloms When the ey 8roup
wzs sh:ft ed from M the 6 to :he 7 Posttio 4 the actidine fng (R H,

actvity gao gameq , 2ganst o Cquine 0cephaliys and
Iost aB2tnge p 1ttacosss and ), Phograny, ulom, Noneofthrccc OMpounds
had ap, 1y actyy,y, yagzlnscthcw 12141, \Vh nth mrmgroupatposmon
7 was replace, edbyan AMing gy, up ®R= all thep,
ctryiy gainst pog, latge 2, Sma H vms: Wwas Jogy Thc new,
ompoyp, d, how, Wever, was xcmzxkably 2ctive Aanse oy Vituses ,,
2470 ang nactivageq h Min g Very shore time

Caprnré/praﬂe
f (levo r-ory thochlorobenzyl)«’om ba phcnylapmxc
1 (Czprochlo 'Tone) o, 1 the TOWth of p; nf] Vitus y,
Studse, v 957) It ¢ duced € infe, Y Uter apg th
hacmagglutlmn tt deembryonartd €88s Synep, S angy
en w, S affecteq, This Phe, e 15 b, obabl; t 3 unique
Property of the ¢, '8 Stnce 1y Was also g, uad wih p, M, 195
Ompoy, effe, Ven when reatmen, wa, Starteq a4
late o5 frer Infecy, b effect vag Markeq with
€atlier 4, e
o
it
CH:\C\}Z\CH'\CH.\COOH
CH,
/r/&d
J
Qplochlorone
T Studies 1 Muce, Compoyy, S grven i the £ T Of the
fre Uspendeq mn o aqueg, olutig, Of cgyf *ymethy |
cellylgg, rcc to four ere thys applied p, 82vage three Umes
dadly When € Were mf ceted wuyy, MLD,, of PR ue,



Virus, ucatrncm ith pr Orone d 1n Suryy f 19 oy
of 20 > Where, S, 19 ony cfz7contro]a Is dieg MPound
Was less effectry, aftey Nfection With by VITus cope, ntragy
ter gy, 354l 10fecy, T with d 3000 A 4o Of Virus,
all ap, TVived on Combyneq €atment 1p, Orone
and apy, Enep fteatmen, Protecreq less ¢, half o,
Umals g¢ bughe, nfectyq, € Combineq Teatmen, |, s
also foung ave ect e 085et of the,, 'PY. The
Combyq, treatmen, Protecreq 4 % Of the Mtee pplied
0ly thee, days o T Infe > At Which '€ cithep ¢, at, aloge

Bactersgy Lol satthamys

Certarn death (Hoxsmu,

10tercepteq further Virus mulaphcmon when 8ven up ¢ 0ur days
e infecy, 0, at Ume whe, almost Maximy, Uter 5 feached

Ginsupg ORSFALL Ve shown

acts duﬂng the firge Iulfoflhc Iarentpcrmd of 2 myly, licarion Scle

Ie therefore Was Most aer, Ve duy,
1€ 1 the latens Petiod of 4h. firse mumplzcauon cycle Subscqucnr
I ca The

s
Mice or chicken Intercsur:gly, the €ompoung tself 1n Amounes of
‘Mporary €onsolidaion of the lung This effect dig



fora Chemopyopy, Flaxis ang Chemotheryyy of Virus Infecyons 23

dation With
88 Withoge

0t seem ¢4 be telated ¢ the v yryg mhlbﬂoxy action Oy
ced 1ts hap, 01 on the lun,
1t mulnphmuon of Preumop,, Vitus of

Periodic gog Breatly rog,
lmpzmng 1ts ability 4 1n]
Mice

A differen, kind of bacteryyy polysacchnndc Studjed by
L

was
Mereg 195, Inrmvcnous ection of Poly S2cchagydeg from
8ram flegatrye bacter;, CCreased the death rage of my {nfecteq with
Colump,, S eticep, Omy elyyg Virus The OPtimal e for Infection
Was depeng, Nt on unts of p, Iy sach, tde wy, Were Injected
20d shoyeg tlowe, Conceny, 085, 2 rather defingee Peak g¢ 4 hourg
before nfection (A LFLR + g5 ese polysacchande
did noe inhyp, 288lutingy,, f inf €022 virug
1 0, L (1953) havy, Naogy treateq
Ppoly Saccharigeg from g ebretla gop nes and Kebgreyy, loacas nhibireg
e agely ation the Weastle disease
8roup of by & €Ombingey,, lls ]

Anfllwm.r
Cy Cem the Tapy of charee 2Bamst ghe
Pstttacog lymph, Sr20ulom, YD of vy, es (G, EN, 1 s Frry
N Ka 956) and tremely, effective 0 the
:hcrapy OF psittace, TAtthosss g fow] (Meyey, ET 4 955, Covy,
195 8roup large 5 d.mmcrly differeny characye,
Isties from, hose he Smaljer «,, Ses™ and 45 0stdere,
35 a spey, 1 lass, i doz, > bety een Viruses and rckemxzc
© che; Tapentse Suscepyy sulfon, des Clerra}
) © Puts thege org. 2 clasg gy, S ACtery
0 to ¢ Hler Vituses Anp r fe ntibiog, s howey, ,
have be, foung h inhyp,, h h of « S and afg,,
Show p, Ve effeey, 0 any,

Mfmpur/ 3 antbiog, from Ifrf)ﬂwyﬂ: HeIrop e Blen g,
pemoncally the same day a4 mmr:crebral Infection with Yaceingy
creaseq the Survivag Tt 10 myee and led o, 1 U0t 10 he sury gy,
ing AMmgajs (Scmurt., 1953) The adxmmsmnon of thrupsm
hoy ever, Yesulteq m Markeq loss of Weighe It va Nactrye Agangy
a0y othep Virus tested

elemme T, Tom 4 mold Which Btew op 4 photoguph of hys Wife,



len, S clag, 4 ﬁmm//pm s Stopy,
I¢ 9532) opy, Antibygy, pp; Pliately dHeIclzmc, whicp
8iven p, pcntoncnll hourg nfccnun 1Creasey
h 1 X1y, cted wypp, olump,, SK virys Th
eatmen, With the A0tbigy, lso g layeq th tance of Vitus
the p, It ed epaq Breate, thcrapcuu 'Zansy ik,
Ofese Virys (. * 1953 b) 1, as alsq foung € the m, thidy,
1 m, CYS 1nfe ed vy poly Myelig Try, CHRrAN TaL, 1956)
eated ap, ), Which dery ed p, Talysss g had , thee Mes
Onger ncupy,, 2 perrg, Acty s hoye S Stticted |, trear
ent g ® Of 1hey 2, Strage ¢ ¢mo
ther, tic Aty fatleq [ th Is hag er or wed
Sigas of ara)
Uy g, Stryy, Tesujpg € founq W, tbioge N Loy
sy 0lotsfey,, (Co, L, 1946 ntbygy, S Ay 45
as sho. ¥ Po T (xg;z) toh cchcmop Phylacee
CUviry |, e, ‘Sanst Semny est ang y, 134 Vieus, iple
t pcutonca dose Biven ope day b, e nfecto,, 8ave fug <k,
Pro, ' lace;e CCtion St roo s Of Af) Yecteq
ously , did ender fractoty later |
€Ctyo; (PO\VELL AL, 1gg ) I 2lso ag, ded Tote, Enst ¢y
M 0 of b, Omy el hen gp, 4c ang o, Btven
pcmoncall (P 'WEL; » 195
Xeroin, Ths thiogc fro, 0b, shows Tather
st Iung pccuharmc Giveq ta, Ously, 1 Was eff. agansy
!Bttanasal o <UD gy, 10,000 % o influen,, us (G E,
952) and had St sopme effecy € single ¢ iven 49 OULS after
Uon Ins, pcrltoneall), towg, poy, %, and o, F Withay,
ect Usmg 00 LD,,,, delageq the Pment of u Monar,
festong 10 my, t did ng, Nt fin, h It s, atled ¢ affece
the Teprod,, F Virys , hy ling o, Hfantose flug
Velop, Of ppe, Mice Lo Wing 1nfecy, with
mor, Prieum, 1y, d ing Wag supp:esscd by
Parenteray Yection, Ve {omlny folloy,,

Iy 0
Cerebray but ng, Atravengys Boculagyy, Of toxe doses of 10flueny, A
Vitus g reduceq althayey, Acrostnc faled ¢ affecy Vital 55 Athegyg

e
Intcrcsungly, €080 SUPPresseq the ev:lopment of noqg
rlansnusszblc Pleumony, due ¢, New Castle Diseage Virus g,
lpparcntly B0 vipyg mulupbmuon Occtrg (Gnoumz, 1953) tndims



for a Chemoprophylaxis snd Chemotherapy of Vicus Infections 25

Table I Summasy of the Mode of Actton of Representative Antibiotics sgamst
Growth of PR § Virus

v | E v
e virwr growth
1| Cyclohexidine ++ - - — —
Thiotatin 4= — — - —
Clavacin ++ - ++ + —
Baafiomyan +4 - 4 5 —~
Toyamyein ++ - + - -
1 | B416Substance | ++ — . - _
F 43 Substance - - - - —
E yoo Substance | — - T4 - _
Actinomycin - - -~ - 4
I | Myxoviromyein - - - - rt
Streptothnican e — — -~ ++
E 5o Substance | — - 44 + =
Collistin +— — + - —
IV | G 72 Substarcce — — - - b+
Esythromyain - — — _ ir
Netropsin - — - — 4
Chloramphenicol | — - - - 4

(from Miranawa v AL, 1938}

that 115 activity 15 related to the reaction of the tissue rather than to
virus multiplicatron
Myxovirorpesn MIYARASA ET AL (1938) in an attempt to evaluate
cntically a farge number of antbiotics have tested the effect of vartous
antibrotics on the growth of the PR 8 strain of nfluenza A virus m
tissue cultures of chortoallantoic membranes of chicken epps Acuve
compounds were further checked as to their direct tnactivating action
on free virus, prevention of =dsorpuon of vitus, and as tq theyr touaty
on ch 1} b Glucose dehydrog: acuvity as
d by P after b: with Tr-
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L s
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Table I C of Effect of My or Immunc Serum alone with
that of Combnation of both Agents in Influenza Virus Infection tn Mice

Moruluy of mce (%)
oument Admron Tofece ng doc per movse
Grovp Dote of of PR veun
e € ot
mouke) e s o | g0 | se0
Route T LD | Lo | WD se | LD 5o
1 | tmgof sc 6hoursafter | 30 | 0 | 100 [ 100
Myxoviro- infection
mycn
2 | osccof 1p | mmedntely | 30 | 50 | 70 | 100
mmune after
serum 1nfection
3 o5 ccof tp smmediately ° o ° 40
mmune after
serum and 1nfection
1 mg of 6 hours
Myxo after
viromycin sc | mfection
4 | none — - 70 {100 | 100 | 100

(from Hinuna v AL 1958b)

Virzsin 1609, an antibiotic from Actinomyces 160y, was active
against vaccinia m chick embryos {GERMANOVA ET AL, 1957) 0 5 mg
of the P d the infection pl It was inactive
aganst Theiler’s mouse encephaliis virus No viruadal effect was
observed with exther Heliomycin or Virusin 1609

Substances interacting with the Virus stself (Virncdal Agents)

Dicarbony! compounds  Various glyoxal denwvatives were found to
nhibit the growth of mfluenza and other viruses 1n eggs (De Bock



28 Syapnzrin  Expetmental and Biochemreal Basis

ET AL, 1937, McLntans T au, 1957) One of the most active com-
pounds was Kethoxal (f-ethoxy « keto butyraldehyde) Injecuon of

I
CHi~C~C—CH « KO
bolol

i
GH,
Kethoxal

2 5 mg of the compound 1mnto the allantorc sack fifteen mnutes before
or a few hours after wfection spared chick embryos from death due
to 30 LD, of Neweastle Disease virus and reduced the haemaggluting
tscer after nfection with influenza and mumps vicuses In additton,
the substances wese also found to be virnaidal Thetr acuvity was
thesefore attributed to their diect action on the virus McLisans v
AL (1957) made a study to d the ch }

zespoasible far this virucdal acton Te was found thae 2i] subscances
having an aldehyde group adjacent ta 2 carbonyl (1) o a secondasy
ndroxyl groop (1) exerted a viruerdal effect

HC=0 H—€=0 0
éso H~C~0OH C—
1 | /
M R HN
Cx=
s
H:N
)it m

It has been found that the same substances undesgo 2 speaific reactton
with the gustune groups of nbonucletc auad (STAEHELY, 1949} This
specificsty was attrtbuted to the dumine structuce (1) which 1
present anly ta guanune among the bases of RNA This group offers
the possibulity to form & stable zing wath the two seactive groups of
the glyoxal denvative Tna sexes of active and sactive glyoxal denva-
taves excellent agreement was found betw een the reaction with guanglic
aaid and the antvisal 2ctvaty Only compounds which reacted with
guanylic acud showed antrverus acuvsty The compounds were found
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to wnactivate the free nuclerc actd of tobacco mosaie virus very rapidly
and at a rate appreciably faster than formaldehyde mndicating their
great reacuvity towards nucleic zaid Inract wirus was wnactivated
much more slowly and only at very mueh hgher concentrations
Since many substances which react with proteins do not wactuvate
viguses and since most of the virnerdal substances mactvate the free
auclete actd more raptdly than tntact viras (Table IIT), 16 seems to be
a genetal phenomenon that 1n order to tnactvate a vitus, a compound
has to react with sts nuclerc 2ad Formaldehyde, which 1s widely used
1n the preparation of vacanes, alsa teacts readdy with virus puclesc
aad and leads very rapidly to mactuvation (FraenkeL CONRAT, 1954,
StAEHELIN, 1958} It 15 not, however, a spectfic puclerc aad reagent
since 1t has long been known to react with proteins Formaldehyde,
baag a very small Je, can probably p much mote
easly to the nuclere acd which m the virus 1s surrounded by a
protein coat, than the much larger molecule, Kethoxal. The latter,
though much morse reactive towards the free nuclerc acid, would be
expected to tnactivate the virus at 2 slower rate because of stetic
mhibition by the protein coat This 1s 1 accord with the expersmental
findings (Table III)

Porphyrins The haemagglutnatton of influenza PR 8 virus 1s inhibited
after mcubation of the virus with vattous porphyrins like Deuteso-
porphyrin and Chlorophylin  {(hRADOLIER ET AL, 1957h) The
rahubution occuss only in the preseace of light, no effect being observed
upon tacubation 1n the dark The porphytins, especially Deutero-
potphysin, were also found to reduce the tnfectivity of nfluenza A
and B, New castle discase and ectzomela viruses but not of Columbia
SK varus With the PR $ strain of influenza, 1t was found n additon
that upon short 1ncub with D porph the
of the vtrus was mashedly reduced

Naphthoqrmonpmnes JuncesLur (1951) 1n confirmation of expert
ments by SCHNITZER £T AL, has reported that the mortaliues of mice
after intraperitoneal infection with Columbia SK virus could be
greatly reduced by the chemoprophylactic admunustration of a 2+
hydroxy 1,4 naphthoquinommine Aganst EMC virus only insignii
cant effects were observed Swince the effect depended enteally upon
2 quanutauve relatonship between virus and drug and swnce the
‘srus was alsonacthy ated mvateo, 1t was concluded that 1t w2s rendered
non infective through a direct antersction between virus and deug
Polyelectrolytes L-Polyiysine peptides have been demonstrated to
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Table 11T Inactivation of Vitus and Free Nucleic Acsd

Act ¥ty % of control

Tnbbeor Concentrat on Tme

Ve Noclere Ac d
Kethoxal ozs mg/ml | % hour 100 81
o5 mgfml | 1 hour 100 23
1 mg/ml 32 hour 100 6
20 mg/ml 1 hour 100 o
20 mg/ml | 24 hours 57 o
Formaldehyde 25 mg/ml 12 hour 100 34
s mg/ml % hour 100 4
10 mg/ml 2 hours 8r °
1o mgfml | 24 hours 9 °
Chlorophylhin ot mg/ml |  zhous 58 o
r  mg/ml 2 hours s1 38
Deuteroporphyrn o1 mg/ml 2 hours 85 48
1t mg/ml 2 hours 77 25
Ricin or mg/ml 2 houts 10 26
1t mg/ml 2 houts 68 o

to mgfml of tobacco mosaic virus and o 5 mg/ml of free nucleic acid were i
cubated at room temperature tn 0 cor M Phosphate pH 6 8 during the time and
with the concentrations of nhibitors indicated To remove free mbibitor before
assaying samples contaming virus were spun down twice in the ultracentrifuge
and nuclete acids weee precprtated four ttmes with 2 volumes of alcohol tn the
cold Assays were conducted according to FRAENKEL CONRAT EY AL (1957)

inhibrt the growth of influenza virus i the chick embryo (Rusint ET
AL, 1951) and to protect embryonated eggs infected with several
strains of infectious bronchitts and Newcastle disease virus (GREEN
ET AL, 1953) Inexperiments with mumps, a single injection of o 2 mg
of L-polylystae tnto the allantoic sac even when given 36 hours after
infection reduced the haemagglutiin titer markedly When given
1mto the yolk sac, a polypeptide of 4900 molecular weght was found
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to be effective, while one of 20 ooo molecular weight showed much
less actuvity Since polylysine reacts with tobacco mosac virus,
proteins and nucleic acids, 1t was suggested that polylystne mught
act 1ntracellularly by dxﬁusmg into the cell and combining with
intact virus, virus frag d mn virus
(GresnN EY AL, 19353b) D Polylysmc was found to be equally
effective but ten times more toxic (TSUYAKI ET AL, 1956) GREEN ET
AL (1954} found polyvinylamine also to be active A basic poly
clectrolyte rather than a peptide scemed to be the requisite for acusaty

Not only cationic, but also antonte polyelectrolytes sahibit the
growth of myxoviruses NeHER Er AL, (1955) demonstrated the
acttvaty of several Iysulfe acids on the mulupl
of influenza and Ncwcastlc disease viruses mn chick embryos and
deembryonated eggs While being viructdal at hrgher concentrations,
these compounds also appeucd to affect the suzface of red blood cells
since they inhubtted the virus | as well as the 1s0
haemagglutinauon of human red blood cells

Vartous antonic polymers have also been compared as to ther
ability to wnactivate enzymes and viruses (HEYMANN EY AL, 1958)
1t appeated that the antviral action was an expression of a general
reacttvity towards proteins rather than a speaific seaction with viruses

AL, Mucopolvsaccharid
op and of

ALLEN £ AL (1948) have summanzed the viral inhibitors which
are present i normal antmal sera and classified them mto three
groups (a) stubitors of Lipid nature extractable with fat solvents,
(b} protens protein complexes and mucopolysacchandes which are
relatively stable to heat, and (c) heat labile proteins and protemn
comp!ﬂcs The mechanusm of the second group scems to be best

d  Mucopolysaccharides and from many
sources have been shown to mhibit the hacngglutmauon reaction
of the 1nfluenza group of viruses Many of them act by direct reaction
with the virus (Burner, 1951) The effect 1s due to their similanty
w1th the receptor substance of the red Blood cells and their affimty
for the virus enzyme The action 1s secn 1n ‘substances which are
slowly attacked by the enzyme, thus having an affinnty for the enzyme
while at the same ume blocking the sites necessary for adsorption
1t 15 scen even more mathedly when the virus 1s slightly altered by
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heating 50 that the enzymatic actton, which leads to mactivation of the
inhibutor, 1s more impaired than the affinity The functional umst 1n
alf these substances seems to be N Acetylneuramunic acid, since ths
substance 1s refeased by the virus and since, after 1ts release, the
nhubiting power on haemagglutination ss lost (GorrsciaLx, 1956)
N-Acetylneuramunuc acd 15 also released by the receptor destroy
ing enzyme of Vibrig cholerae (GoTrscwArLk 1058) Intrapentoneal
inyection of RDE sesulted 1n 2 chemoprophy lactte protection agamst
nfection with Columbra SK virus by the same route (VERLINDE AND
De BaAN 1949, JuNGERLUT 1950) The presence of N-Acetylneuramu-
ruc actd at the sites of adsorption seems to be of importance, there-
fore, for the mect of the first peripheral

MMescellancons Componnde

CNS depressant drugs Mice infected with Neweastle disease virus die

of pulmonary consolidation Mice treated with Chlorpromazine HCI

or Tetraethylammontum brarmude, however, survived and showed no

signs of pulmonary consolidation (OGASAWARA ET AL, 1958) This

suggests the paructpation of the autonomous nervous system in the
0 f

pathog: of p y consolidation
Vartous compounds of which Apresoline (I Hydrazine phthala-
zine) was the most effective have also been shown to inhibit the
propagation of Theiler’s GD VII virus of mouse encephalitss 1n tissue
cultures of mouse brain (PEARSON ET AL, 1953)
Phenoltc composnds KRAMER ET AL (1935) found some phenolic
compounds active aganst poliomyelitis vitus 1n monhey testicular
cultures Amno acds contuning sulfhydryl ar hydrox;l groups
snhibited the action of the drugs HoLusueap £7 AL (1956) found
a serses of similar compounds, mostly quinones, also to be active 1n
the same system Type 1 poliomjelitis Virus was more susceptible
to some hydroquinones than was type 2 or 3 KNOX BT AL (1957)
have ponted out the danges, however, of using the cytopathogenic
changes caused by the virus as cniterta of virus growth with these
compounds Some of them, like gallic acid, can **fix” the cells so that
they look normal GEBHARDT ET AL (1933) have observed chemo-
prophylactic protection 10 monkeys against pohomyekius virus upon
introducing the maumum tolerated dose of some naphtholic and
phenolic compounds tnto the stomach of monkeys 24 hours before
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infection by the same route The most active compounds, especually
the mother liquor of gallic actd, seemed to have no vimadal effects
Amethoprertt Ths folic actd antagonust (Haas anp StEwarT, 1956),
48 well as folic zad dcﬁcx:ncy (HMs ET AL . 1917) ptolongzd the bfe
of mice mfected with 1
virus of mice The treatment affected the responsc of the tissue 4n 2
stmular way as did x ray irradianon and resulted 1t a less antensne
cellular reaction (LERNER AND Haas, 1958) Interestingly, 1t does not
pxcvent virus muluplication  Actually, in truce which were infected
{y, virus 1S ble from the blood and the pools
of certun abdominal organs for several weeks in treated mice but
only briefly or not ar all 1 untreated muce
Hursr (1917) has pointed out thar dierary deficiency as well a5
toxe drugs can bring the antmal mnto 3 sickly condttton 1 which the
seaction of the orgacssm to the tafection is altered 2nd might appear
fess severe The finding that all of the trested animals showed evidence
of touctty before sliness from viras had time to develop (Haas anD
SrEWARY, 1956) suggests that the general rovienty of the dmg 18
tesponsibile for the less severe reaction toward virus mfecrion rather
than a spectfic effect on vitus syathesis
$(3h ! dean,ycholylaming) ¢ & )2 diphenyl stdlfore
This pound, which 15 2 h of a dipheny! sulfone and
a steroid was reported by BErczeLLER {1939) 10 anhuibie the PR 8
stran of influenza viras 1 chick embryos

Conclussons and Summary

From the many studtes on anuvirus drugs, the following con
clusions seem 1o have evohved

1 Most compounds act only or at least best duting the very
carly stages of infecuon, lintle acuvity bemng found once the disease
has developed Their action therefore ts chemopraphylactc rather
than chemotherapeunic. This would not render them useless as far
as chimeal applieation 15 convesned, howeves, since 2 safe chemon
prophylacuc agent would be invaluable for mstance dunng the our-
breal, of an eprdemic

2 The majority of drugs are active in near toxse doses without
allow ing 2 wide enough range betw cen touce and inhibitary concentsa
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tion They do thetefore not satisfy the requirements of 2 drug suttable
for chinucal application

3 Many agents, eg 1 polysaccharid h ba
ZOnes, mepacrine, ete are active only against certain virases and not
against others This could indicate that 1nstead of one general antivirus
drug, there might be a requirement for different dtugs for vatious
groups of viruses

4 The same virus may also be suscepuble to 2 drog only i a
certain animal species and not in another Thus 1s the case, for 1nstance,
with mepactine and ssatinthiosemicarbazone A study of the range of
susceptible animals 15 therefc 1 d with any p d which
shows activity 1n amumals

5 Another dependence on factors concermung the host s
exhubited by differences in the activity of the drug according to which
route 1s chosen for infectton Examples of this are seen with Xerosine
and 2,6 Diamtnopurine

6 In otder to have a protective effect 1n ammals, 1t 1s not neces
sary for a compound to inhubit virus synthesis completely Reduction
of the infecttvity titer i the affected organ by about one log umt 1s
already sufficient to prevent the fatal outcome of the disease and mught
even be benefictal 1n as much as 1t Jeads to immurity 1n 2 way stmular
to that of attenuated viruses

7 Combined with two sub; of different modes
of action has proven 1n certain cases to be supertor to treatment with
etther substance alone Synesgic effects have been found with two
&4 Is. tsatinthic 1 an hloropt 1 1
or with anuserum and a virus nhibior, e g Myxoviromyan
Helenine and Caprochlorone

8 There are indications that 2 drug can act, also, not by inhubie
1ng virus muluplication but by preventing the response of the tissue
instead, which in certain cases determunes the fatel outcome of a
disease Xerosine and CNS dep drugs are considered to act
by this mechamsm

9 One of the desired properties of an antivirus drug 1s that 1t be
highly specific 1n itesfening with virus synthess while leaving the
cell as bittle affected as possible One step 1 this direction 1s ndicared
by the effectiveness of gD nbofuranosides of pynimidies and halo-
genated benzimidazoles which affect RNA 2nd not DNA synthesis
8 Ribofuranosides wese not only better nhubitors of virus growth than

b
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free bases but, at least 1n one mstance they were also found ro be
relattvety less toae

10 Assays in tissuc culture can lead to quite different resolts
thaa are found 1 ammals Not only are many substances found active
in tissue culture and 0ot 1n aumals but the reverse 1s also true Cin
chonmthiosemicarbazone, e g s 2 weak mhihtor i nssue culture
but one of the most potent in animals, while the oppostte 1s true for
prravic 2ad thiosemicarbazone (Mintox, 1953)

In summary, none of the compounds studzed so far, which inhubst
virus multpl satishies the reqs for clineal appl
1e 2 combnatian of antivirus actwvity and low touctty Promusing
leads, however, have been obtained along several hnes

{2} Speatfic mhibuors of nbonuclerc acid have generally been
found to show hugh actistty and are, as far as brochemical pathways
are concerned, the most selective inhabitors of virus synthesis

{b) The systematic seatch for antivitus ageats on an empitical
basts has produced some synthetic chemicals and a number of antt
biotics capable of imnhibiting virus geawth not only 1n ussue culture
and eggs but also 1 mnfected 2nimals

{¢) Several compounds have been found which favorably iafluence
the course of 2 virus disease nat by hubiting virus multplicaton but
by thetr action on the response of the host tissues
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host cells High resolutton electron microscopy  using  ultrathin
secuoning 13 unique in furnishing molecular or supra molecular
morphological mformation about virus muluphcauon by direct
clectron optical imagery Most of experimental and obsesvational
matetials presented hete are drawn from works with which the author
has been closely associated

Electron Microscopy of Pox Viruses
1 Thin Sections of Cultured Cells

A contribution of electron microscopy to the deep understanding
of the most fundamental tntracellular events following viral mfection
might be made by studying cells 1 tissue culture snfected with viros,
mn which a rel hip could be established among the growth cycle
of virus determined by infecttvity titratsons, the cellelar alterations
under the cons enttonal ight microscope and the presence of virus or

ot comp 1 with virus within the cells seen

1 the electron muctoscope

Ideal electron microscopy of vituses in thin sections requires that
2 virus host cell system can be utilized 1n which all the cells are
equally susceptible to the virus and m which all can be mfected
within a brief period stmultaneously, in order to 1nsure that the
samples are truly representative of nfected cells taken at different
stages of mfection Electron mictoscopists may constder that the total
areas of cells evamined are extremely small

Before describing the electron microscopy of pox viruses 1n thin
secttons, growth cycle expertments and conventional light micro

scopy of these viruses will be grven

Gron th Cyele Experiments

The results of growth cycle experiments will be shown i the
ectromelia v1gus L cell system (Fig 1) and the vartola viruy Hela
cell system (Fig 2) In Expeniment I the former, § x 10° cells per
ml recerved virus nocula of 104 TCID,, per ml and 1n Experiment 11,
7% 10 cells, 16 TCID,, gespectively In the latter, 5 3 10° cells per
ml recerved virus moculz of 10°%* TCID,, per ml 1n these experiments
1o increase 1 the amount of cell associated virus was obsers ed during
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the first 4 or 8 hours (ume zcro means the time when cells were

lated with virus) quently, a steady 1ncrease i virus titer
was noted and a peak virus tier was ateaned 1 1y and 18 hours,
tespectively The nises m the amount of cell assoctated virus 1n such

Cell Assee oted
T 2 v vs

calt Assoc ated
Vrus

Log TC D 50 Bttty
Log 1CID 50/Bottls

3.
RO I B dba ofz 1§ 8 W BN W a2hs
Adsarpt on me Adsorpt an ™

Fig 1 Grow th curves of HAMPSTEAD stratn of ectromeba virus after tnoculation of
the cultures with the same inoculum of 3 2 TCIDsepet cell 1 Expeniment 1 and I
Fig 2 Grouth curve of YAM 40710 strain of saniola virus after inoculation of
the cultures with 7 1 TCIDsoper cell

growth cycle experiments were about 300 to oo fold for ectromelia
trus and about 100 fold for variola virus (Higastr anp Ozant, 1957,
Ienrvys, 1959)

The curves for free virus 1n the expertments showed that increase
1n free virus was less rapid than increase 1n cell associated virus For
example, 1n Expeniment I ancretse 1 free virus was not detected until
at least 4 hours after ccll associted virus had begun to ncrease

Comentional Optical Microscopy

The following was the typical sequence of events following
1noculation of 4 to 5 day culture of stramn L cells or Hela cells (10
cells per ml) with 104" TCID,, per ml of cctromelia, vaccia or
vanola virus, which were parallel studies of the growth cicle expen
ments descubed abave No marked differences betw een cells in 1nfected
tubes and cclls in control tubes were obsened dunng the first 3 hour
period At the fourth hour, small, often multiple arcular or oval
basophilic inclusion bodies (stained blue by hematotvhn and eosin
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after ZENKER fixation) surrounded by a clear zone were first observed
1n the cytoplasm of a small portion of the tafected cells, but were more
strthing 1n the subsequent stages as shown 1n Fig 3 to 5, taken at
the sixth, eghth and twenty fourth hours respectivel; In some
preparations virtually every cell was found to contan at least one
inclusion At the later stage inclusions tended generally to be of larger
size, less regular 1n outline Finally, 1n the case of the vartola virus
HeLa cell system, taclusions tended to be less basophilic and dispersed
1mnto the cytoplasm FeuLGEN reaction of the basophilic nclusions
‘was positive 1n all stages

In the case of the vaccinia virus HeLa cell system and the variola
virus Hel a cell system, eostnophilic inclusions were never detected
atany stage of mfection However, 1n the case of the ectromelia virus L
cell system the eosinophilic tound or oval tntracytoplasmic inclusions
began to be observed approximately at the tenth hour, subsequently
these 1nclusions increased 1 size and numbet, the shape remaining
almost the same, never dispersing 1nto the cytoplasm Therefore, cells
beyond the tenth hour were found to contain both types of inclustons
1n the same cell

i
?
i
1
i
{
{

Fug 7 Strarn L cell culruse 6 houss after moculation with the Hasesten strain
of eccromelia virss Basophilic cytoplasmic mclusion bodies surrounded by a
clear halo are present n the cell Fixed 1n ZENNER'S fluid and staned with hema
toxylin and cosmn Magmufication 1700 X (Hrcasit aNp Ozaxy, 1958)
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Fig 4 A rc advanced staee £ the infect on (8 hours after naculat on) than
that in Tgure 3 L ery cell conta ns basoph1¢ inclus ons ZEnkER s fixat se
Hemaoxylnand ¢ snsan 1000 (I c4s 1 AND Ozant 1958)

Fig 5 Hlela cell culture 24 hours after inocutat n w th the Y A 010 stran
of vat 12 virws Bax phic ot plasme incus on bod es 1n srregular shape are
scen 10 the mute nucicated ol Zesxen £t n st ned wih hemat v n and
tosn 1500 % (lcwins 1959)
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Eletron Microscopy

At the same time that the growth cycle experiments and optrcal
ftcroscopres were carried out a parallel series of cultures was examned
for electron mucroscopy Studtes of Pox viruses 10 thun sections will
be mentianed 2s follows

virus to cell adsorption

formation of nclustons

viral development 1n an early stage of infection

formation of mature vizal patucles

discusston

Viirus to Cell Adsorption

The electron microscope has been applied to the visualization of
the adsorption that takes place between red blood cells and the myxo
viruses (Dawson AND ErForD 1949) ANDERSON (1952, 19§3) has
mvestigated by electron microscopy the nature of adsorption of
bactertophage particles on host bacterta revealing that the primary
stage of phage adsorption 1s by the tps of their tatls Recently,
1nteresting electron micrographs of hemadsorption i cultured monkey
kdney cells infected with mnfluenza v 1rus were obtained by Horcmin
ET AL (1958), who found that the phenomena occurred by two
different processes In one, the red cells were attached to virus fila
ments protruding from the host cell separatmng the two cells by some
distance (virus hemadsorption) In the other, the binding between
the two kinds of cells was direct and tught with no wmtermediaty virus
(cyto hemadsorption) These two forms of attachment can be disun
guished only by electron microscopy Jn addinion, the electron micro
graphs suggested that thete occurred an apparent change 1 the

logically specific of the host cell surface following
anfecsron with influesza virus

ApAus AND Prince (1957) showed the electron micrographs of
partcles adsorbed on the EnrLich asates tumor cells which they
tentatively identified as newcastle disease virus Simular particles
oce lly might be enc d and confused with secttons of cell
comp Ived 1n sp preg of free cells having
many pseudopodia It 1s not hatd to tahe such photographs s those
zeported by them, since unfortunately cross sections of cell components
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Fg 6 Tlectron m crograph of stra n L cell wh ¢h had been bathed 1z 2 fu d of
ecteomel a v rus for 1 hour at 37° C to allow adsorption of 1 rus o the L cells
Character st ¢ rest ng form of the v rus 200 my 1n ma or ax s 13 adsotbed on the
depressed cell surface Magn featon 9o coox  (H GAS &t Anp Ozaxt 1959)
Like those of newcastle disease virus are often photographed attached
to the cell surface
No electron microscopsc mnformation 1s at hand regarding the
entrance of ammal virus nto the host cell No experiments have yet
been reported of any electron microscopy of attachment of pox viruses
to host cells prior to infection Recently ectromeliz or vattola virus
adsorbed on the strain L cclls or Hel.a cells were photographed using.
ultrathinsecuoning in ourliboratory (Higasit Ozaxr 1959 Icunma
19;9) The particles scemed to touch ughtly the host cell ¢ytoplasmic
often obliquely with 1ts major asis towards the
cytoplismic membrane (Nigs 6 and 7) The parucles are casily 1dents
fied as resting forms of ectromeliz or vanola virus The following
supports thisidenuf cation Their measurements agree withesumates of
the size of resting form of these viruses They have the same unique
complex structures as the resting forms of these viruses Simular
particles have never been seen on the thin scctions of control strain L
cells or Hela cclls In some sections the outer double membrane of
the siral partiele and host cell evtopl. b were sep 3
by ad stance of up to 200 A (Fig 7) In many instances viral particles
were crowded around the cell surface and usually the portion of the
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Fg 7 Restng form of cctromel 2 v rus adsorbed on the sutface of s £a n L cell
s present atlower lef Note he dep ess on of the cell susface where v ral par cle
adsorpt on 15 seen Ano her st kng feaure s ntermngl ng of three sma ex
bodes h ral partcles The bode smaller than nucleod are repea edly

cncoun ered n adsorp on expe men's
180 coox (H Gas  AND Ozan  959)

host cell membrane where viral particle adsorption was seen ap
peated to cotncide with a depression of the cell surface The significance
of occastonal occurrence of empty wiral particles attachung to the
host cell surface 1s not known although this phenomenon recalls the
findings n bacteriophage studies (HERSHEY AND CHASE 1952

ANDERSON 1953)

Formation of Incl sions

Intracy toplasmuc tnclusions appeared 3 hours following 1nfection
1 all three nfectious systems Thereafter they increased rapidly 1n
size and numbers The features of the inclustons appeared to be
related both to the fixatrves used and to the developmental stage of
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Fig g Apirt o fot plism of stran 1 cell 4 hours af ef 10 culaton w th
ccr mela rus An atraeyt plasmenclus 0 { matne area) t xed wihosm ¢
acd sleated near the center Boundany fthe ma ¢ sarea s srregular and appears
denser than the rest f evt plaem Theee mtach ndria are scen at upper left
35000 (leas 1 Ozax Ano NOTAKE 1958)
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the inclustons In an early stage of therr development, 1nclusions fixed
with osmic acid showed fine reticular matertal of greater density than
the rest of the cytoplasm Their boundaty was sharp but arregular
as Fig 9 tahen at the fourth hour illustrates In contrast to this
nclustons fixed with potasstam permanganate (Lurr s method, 1956)
had homogeneous structures showng lower density with no’ sharp
boundary or irregular shape as Fig 10 taken at the sixth hour demon
strates (HiGasHI OzAkt AND NOTAKE 1959)

nuctéat ¢

. membeane -~

Fig 10 Cytoplasmic 1nclusion {matr x area) formed 6 hours after moculat on
with ectromelia virus 1¢ occup es about foue fifths of the cytoplasm Fixat on w th
potasstam permanganate Contrast of matrix arca with the rest of cytoplasm is not
shatp Incluston contamns several dense developmentalforms of the virus Nucleus
with double nuclear membranc 1s scen at upper Ieft 54000 X (Hicasiir Norake

AND OzANE 1959)

The inclusion matenal was altered 1n some way during the
development of the snclustons structures becoming more condensed
at their centers or peripherses resulting 1n very irregular outline
Finally the material almost faded away, presumably being incorporated
mnto the newly replicated virus partrcles

At a later stage of infection, samples tahen from the ectromelia L
cell system presented another quite different mtracytoplasmic 1nclu
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ston which had, 1 striking contrast to those just described, greater
density with homogeneous mass and sharp boundars, arrcular or oval
shape as Fig 11, taken 2t the thirty-second hour, illustrates (Higasnr
ET AL, 1957, 1958) With tume, they tncreased 1n size and number, but
ther density and shape remamed almost all the same, never dispersing
mto the cytoplasm Such nclusions were never obsersed at any stage
of nfection exther 1n the vaccima virus HeLa cell system or the vanola
virus Hel a cell system (Icumna 1959)

“ooe KT "",‘w(’»é”
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Fig t1 A clissical tnctusion body (Marchal body) formed 1 materx area aftee
32 hous infection ss prescnr at loft It contans many viral pastscles Note the
sharp boundary bighes density A tege oumber of developmental forms are
scattered throughout the matrie area Osmsc aerd Fration 14000 x  (Hicann
LT AL, 1958)

The nclusions appeanng first 10 thin sections, which are now
generally called * matnix” area according to the ongmnal descripron
by Miznick (1953), can be identified as the basophilic inclusions
appeaning first n the hght mucroscope  The sccond inclustons wall be
identtfied as classteal cosinophilic inclusions (Marchal body) This
tdentification will be supported by the following The ume sequence
of appearance of the first inclusions (matix area) and the basaphilic
inclusions 1s similar in electron mucroscope findings and m optical
findings The progressiv e structural chanzes of the matrixateaand those
of the basophilic 1nclustons are quite similar The second tnelusions
were observed onh In the ectromelia strus L cell system at a later
stage of infection m the clectron micrascope Corresponding to this,
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10 the Iight microscope approtmately at the same stage of infection
the Marchal bodtes began to be detected 1n the same system An incrase
1 stze and number, and the other featutes of the second mclusions
noted 1n the electron mictographs generally parallel simalar changes 1n
the Marchal bodies seen with the light microscope.

Viral Derelopment s an Earl) Stage of Infectron

The first recogruzable viral forms w ere the so-called developmen-
tal forms, which were elliptical, esreular, or hemuctreutar 10 profile and
had an average dizmeter of appro<imately 270 my 10 round form They
were exclusively observed within the matniX area 1n an early stage of
1nfecnton (6 hout infection), never detected 1n the classical inclusions
whnch weill be formed 1n a later stage Forms composed of “nucleoid™
(MORGAN Er AL, 1954) separated from the viroplasm by a narrow
zone of lesser electron density (Figs 12 and 13), other forms with an
area of lesser denstty filling 2 varrable extent of the viroplasm (Fig 14)

iy
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Fig 12 Aporton of strain L cell culrure 8 hours after inocufation w tth ccttomelia
viras Matrre area contmming seyeral kinds of developmental forms (s seen at the
central area of eytoplasm Density of matnix material 1s low Osmic acid fixation
16,000 x (HIGasu1 ET AL, 1958}
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and the other several hinds of devclopmental torms including forms
having no nucleord (Tigs 13 and 16) were repeatedly encountered in
the sectons of 6 hour infection tn all three infectious systems
examined At thi stage the matrix areas never contained mature
forms which will be mennioned later In 2 later stage deelopmental
forms and mature forms appeared in the same matrix areas

Most of the developmental torms were bmited by a double
membrane system as an outer dense line measunng, 40 t0 50 L
width and an inner dense hine measuning, almost the same width
(Htoasur anp Q/anr 1959) The detarls of the membrane structures
dflered from one type 1o another orms withcut complete mem
branes were somenmes noted (Fr, 16) It is venv interesting to
note that structural appearince ot the vroplasm was almost the
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same as that of the dense material 1 a matrry area as illustrated b

Frg 16, and that codled threads smessuring about 30 to j0 A 1n \udt})\
wete seen 1n viroplasm (Figs 14 and 15) In Fig 16 viroplasm was
continuous with the matrrx matertal without completton of 1ts circle
showing just the same appearances 1 density and structures )
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Frg 14 Two desclopmental forms 280 x 220 tmy from the same cultuse as 10
Fig 13 showing lesser density area in which co led thread like structures are
prescnt The tw o rregular ell psoids point the same direction due ta deformation
by cutting 150 000x (HiGasnt AnD Ozan 1959)

Fyrmation of Mature Viral Particle

Iig 17 shows mature forms of vatiofa virus which wete observed
1 the matrix area 1n a later stage of infectton (22 hour nfectson)
I'ng 18 shows mature forms within MarenaL body Alson Fig 6to 8
mature forms can be seen The structures of the mature forms show
quite charactenstic appearances and are easy to distinguish from the
developmental forms bs the presence of cwo hinds of dosble membea
nes, by thess shape, by smaller size (about 240 X 200 mp w1th consider
able indsvidual vartagion) and by father stronger density an thicker
sections One of the double membranes measuting 30 to 40 A 1n
w1dth encloses the mternal body, 1€, nucleord This nucleord mem
brane resembled that observed i other expeniments (MoORGAN LT AL,
1954) The other was a double membrane enclosing viroplasm w hich
had a broader space berween tw o lines than that of the developmental
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same as that of the dense material 1n 4 matux area as illustrated b
Fig 16 and that coiled threads measuring about 30 to 50 A 1n \V]dti‘l
were seen 1n viroplasm (Figs 14 and 15) In Iig 16 droplism was
continuous with the matrix materral without completion of 1ts circle
showing just the same appeatances 1n density and structutes

; ’
4 R :
3 ‘i‘l - ;
~ LAgEN *
A
- aeed

Fg 14 Two developmental forms 280x220 my from the same cul utc a3 0
Fg 13 show ng lesser dons ty atea n whch coled thread Jke s ruc ures a ¢
preseat The two rregular ell pso ds po nt the same d reet on due to deformat on
by cuttnig 150000 x (H CAs  AND Ozant  959)

Forr ation of Mat re Viral Particle

Fig 17 shows mature forms of variola virus which were observed
1n the mattix area 1n 4 later stage of nfect on (22 hour mfection)
Tig 18 shows mature forms within MarcraL body AlsomnTig 6108
mature forms can be seen The structures of the mature forms show
quite characteastic appearances and are easy to distiaguish from the
developmental forms by the presence of two hinds of double membra
nes by thetr shape by smaller size (about 240 x 200 my with constder
able individual variation) and by rather stronger dens ty 1n fhickes
sections One of the double membranes measunng 30 to 4o A in
width encloses the internal body 1e nucleord This nucleord mem
brane sesembled that obsered 1n other expetiments (MORGAN ET AL
1954) The other was a double membrane enclosing viroplasm which
had a broa ler space betw een two hines than that of the developmental
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11 17 Other dev clopmental forms w b ch have clearly double membeanes except
extremely left cne % roplasm shows about the same grade £ complex seructures
composed of threads measuring about 1030 A m width 1300007 (HiGAsic
axD Ozamt 1959)

PO -, s

F¢ 16 Ths m crograph sh ws that the viroplasm of developmental form s
continuous with maserx mater al 180 000 x (HiGAsiE AND OZAKL 193)
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form It 1s interesting to note that the structures resembled those
observed 1n thin sections of viruses of variola and vaceinia by Anpris
ET AL (1958)

As mature forms began to appear the density of matrx aseas
decreased gradually When the ateas were occupied by a hirge number
of mature forms as well as developmental forms they were often
characterized by disappearance of the matrix material

In the case of the ectromelia virus L cell system classical sncks
sions contatng mature forms appeared in or near the mater< areas
which were occupied by mature forms and/or developmental forms
Observations of the ectromelia virus Yoshida sarcoma cell system also
followed almost the same pattern (Ttg 19 Ozaxt 1956) However
10 the other two systems examined the formation of classical inclusions
never occurred
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F g 17 Rest ng forms of vartola v rus v 1th n matr x atea z10 ooo X {HT1GAsir
Anp Ozant 199)

Diset ssson

On the basis of evidence o d so far the develof of
pOX viruses (variola virus vaccinia virus and ectromelia virus) can be
outhned as follows The instial sites of deselopment are confined to
a spectal area of the host cell cytoplasm At the very early stage of 1
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Fig 18 A portion of Marenat body W wh ch charactertstic rest ng forms arc
sisble 150000 (Hic asm a~b Ozakt 1959)

Fg 19 Cyt plasm f Yosmoa sarcoma celi infected w th ectromel a virus
There are two Manciar bod ¢s wh ch conta n a sumber of test ng forms of the
virus Note that developmental frms are scateered throughout the eytoplasm
probahly mateix area of eytoplasm and compate 1t with Marcitar body 1 Fig 11
32000% (OzAn1 1956)
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fection (3-hour wfection) at one or more fout an accumulation or 2
productton of unusual matenal showing high or moderate electron
density replaces or displaces the cytoplasm of the infected host cell
The focus constitutes the matrix area Within the mateix all the neces
sary components for virus fabrication 2re produced and accumulated
In increasing amount An area containing such matertal 1s 1nvartably
assoctated with infected cells At the fourth to fifth hour structures
of coiled thread often can be seen 1n the matnx materal Structures
could not be associated with the gross morphology of viral
particle

At a litle later stage viral forms appear an the matriv areas
(6 hour 1nfection) Some worhers suggested that the membranes
scemed to form independently (MoRGAN ET AL, 1954, TAJIMA AND
Kueora, 1957) Such interpretations of the process may not be correct
It seems that the membrane 1self does not emerge mndependently
ctther before or after the formation of viroplasm, but the membrane
will differenttate from the onginal sphete or incomplete sphere which

the first ble viral develop 1 form

MoORGAN ET AL (1954) 1ndicated that developmental forms were
enclosed by a single membrane in the case of viruses of vaccinta and
fowl pox developed on chichen embryo chonoallantoic membrane
and a double limuting membrane appeated after the formation of the
complete viral particle These eatlier findings can now be amplified,
and from the obsersations described here 1t 15 possible to offer a fairly
precise morphologic description of these pox viruses Most of these
developmental forms definttely have a double limiting membrane
1respecttve of fixative (OsO, or AMnO ) as Figs 13 to 16 illustrate

‘The nucleoid appears quite dense tn thicher sections (F1g 12),
but 1t should be noted that coiled thread lihe structures occup) the
nucleoid area 1n very thin sections This, for example, recalls the
observations that the ccll nucleolus having no structure 1n thicher
sections comes to show some structures 1n thinner sections In spie
of mtensive electron microscopy of the matrix areas of this stage of
1nfectton, v ¢ fatled to confirm the findings of MORGAN ET AL (1954) that
“yery dense matenal appeats within the matrix area and fragments into
small untts”, which are mncorporated into the virus with the viro
plasmic comp to ¢ the nucleotd

In general, the membranes fived w 1th OsO, appeared moze opaque
than those fived with KMnO, The appearance of the membrane
showing osmophilta mught be an indication of the presence of protesn,

F
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and the area of nucleoid might indicate the presence of DNA mole-
cules, although at the present time 1t 1s indistingusshable 11 a sectton
between a material with the mean denssty of proten and the mean
density of pucleic aced Differential electron statning methods should
be pursued Here the author tentatinely proposes that structures mn
the nucleoid revealed under the high resolution :lcclmn microscope
may present an §:2 of DNA molecules or T ste

of The evp on the with
DNase, RNase and <o on are now under way

At the present time 1t ts vers hard to arrange an experiment
along a ime seq; of the 1 developing forms desertbed
above, probably because the forms apparently undergo a complex
Lfe cycle through a transitional stage and the maturation time from
one form to another cannot be detected by the present technique and
s0 115 nothing but 1 if one T their ttme

The developmental forms are elliptical or circular in profile Itis
probable that the ellipticity noted 1s an astefact caused by compresston
duning the cutung procedure since the major axis is invanably
ouented perpendicularls to the direction of the ultra microtome glass
knife, and since the cllipsoids photographed alwavs pornt the same
direction tn the same field, not at random (see Fig 14) Therefore,
probably the true silhouctte of the dexcloping forms ts more neasly
arcular Electron microscopy of punﬂed samplcs of mfcclcd cells
whichhadexclusively d L
shape, due 10 the com cnnonal prcpar‘.\uon procedures (mesm FT
AL, 1958)

The final stage 15 the appearance of the particles smaller thaa the
developmental forms The particles no longer present the characterts
tic features of des eloping form The structures of the final form of s 1ral
development, the so called *“mature form” are charactenized by an 1n
ternal body witha double imiting b d from the doubls
limiting membrane of viroplasm The internal bod) appears essentwally
to be a dish which shows vartable shape and density cotresponding
to cutting oftentation (MORGAN ET AL, 1954, ANDRES ET AL, 1958,
HicasHt ET AL, 1959) These features are essential and fundamental
differences between developmental forms and mature forms Mature
forms appear to complete their maturation within the matrix areas
and stav there until migration to other places  ¢ytoplasm and relese
snto the extracellular space When the maturatton process was com-
pleted, matrix matersals were almost exhausted and faded away The
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transition from developmental forms to mature forms has not been
studied 1 detail

Now let us discuss first the developmental form 1n relauon to 1a
fectivity, and second the significance of formation of classical sncluston
bodies Furst, as the growth curves with pox viruses m the strain Lcells
ot Hela cells show, the virus titer begins to inctease m cell extracts
after a constant pessod (6 hours) and a maumum titer 15 reached
about 15 to 17 hours after infection Thin sections taken 6 to 8 hours
after mnfection exclustvely reveal several kinds of developmental forms,
and matuse forms and classical inclustons are never detectable Classical
inclustons are undetectable also under the optical microscope These
findings show that only developmental forms are responsible for 1n
fectivity in this stage ‘The name of “developmental form” may have
been defined only from the morphogenesis point of view Now 1t
will be concluded that the developmental form named 1n the sense
of morphogenests 1s matured infective virus from the pont of view
of dynamuc infectivity, 2nd that theso called “mature form™ appearing
1n the later stage 1s the “resting form” of virus

‘With the conventional light and phase microscope, KaraHORA
and hts coworkers (1955, 1957, 1958) reported 1n detail the formation
of two kinds of intracytoplasmic incluston bodies 1n the same cell of
the tissues infected with ectromeliz fowl pox and vaccinm viruses
Ustng the electron and phase microscopes, Don (195 5) also described
the same phenomenon n Ehrlich ascites tumour cells which had been
mnoculated with ectromelia virus and incubated n the pertoneal
cavity of the mouse With the electfon and light microscope HiGAsHI
ET AL (1958) observed the two kinds of ¢ytoplasmic inclustons 1n the
strain L cells infected with ectromelia virus Furusaw 4 T AL (1958)
also found the same thing using the same infectious system with the
light microscope

One of them 15 a classical eosmophilic 1nclusion body (Marchal
body) which shows tk hout the pertod of mncl development
2 sharply demarcated ovoud or cucle with the electron and light
microscope The other 1s a basophilic inclusion body (matrix atea 1n
the electron microscope) which 1s oval or round dunng the tnrtial
pentad of inclusion development and then begtas to show wregular
shape In a striking contrast with the eosinophlic mcluston, with the
electron pe the basophil 1 shows different appear
ances depending on fixatives, and disperses mto the cytoplasm of the
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host cell in the latest stage of tnclusion development In the HeLa
cells tnoculated with v accinia virus of vaniol seus there forms only the
basophilic type tnclusion, which his quite the same features as de-
scribed abote In these tno infectious systems classtcal eosinophilic
inclustons (Guarntent bodies) are never detected at any stage of
fection with exther the light or the electron microscope

The following facts should be stressed here VMatrix areas (baso
phtlic inclusions) are formed 1n the serv eatly stage of infection, 1¢,
1n the eclipse pertod, and dunng the tittal period of iaclusion devel
opment nothing but marrrx maternal can be demonstrated 11 the
matric areas  Here virus formarnion proceeds 1n 1ts early stage On
the other hand, classical cosinophilic inclusions teferred to as
Marchal bodies ase formed 10 a later stage after the virus titer has
already increased near the peak and vet the inclusions always contan
matisre s1ral particles (which at the present tume can be differentiated
preasely from des clopmental form onhy by the electron miczoscopy),
if they contain any viral forms It was reported that among the pox
virus host b used, some L pp i to have
showed the presence of classical inclusions contaiung virus, others
appeared to have showed nclusions contamniag no virus, sull others
did both in the same preparations (Do, 195§, Miztcucns, 1955,
HAGIwARA, 1956, WADA, 1957) In addison classical inclusions were
never observed m the Hela cells infected with vacanna or vanola
virus These viruses appeared to have developed entirely within the
matrix areas (Hrgaswi, 1958, 1959, lenniys, 1959) On the basis of
the<e sexeral evidences obtaned, 1t will be reasonably concluded that
intracy topl: classical hil of lia varus
may not be stes of virus r:phcancn, but they may be only depots of
the viral parncles which have mtnated thets development 10 the
basophilic matrix areas and completed +1ral maturation at the expense
of the matrrx material The fact that i the HeLa cells 1noculated
with vacamua or vanola viruses no evidence of classical inclusion
formation has been obtained seems to depend greatly on the severe
damaging effects of the virus multiplication on the host cells, resulung
1n too quick appearance of cyropathogenic effects This recalls the
well knowr findings chat i the lser cells of the mouse tafected wreh
ectromelia virus Marchal bodies are rare

I[ one prop that phl 1 s must be sites of virus

1 1t should be d:  that the process of matura

tion of virus will take place within them Accumulation of mature




64 Hreasnr  Electron Microscopy of Viruses

viral particles within the eosinophilic inclusions nev er means that they
must be sttes of vanas formation In the kight of the above, allow the
author to enttcize briefly some results teported so far GAYLORD AND
MeLNick (1953) first successfully and beautfully demonstrated the
processes of emergence of vaccinia virus with the electron microscope,
which usually took place 1n matrix areas This 1s quite true, but their
carhier working hypothesis that the processes also apply to the
classical inclusions (Guarnier body) may not be true In the case of
fowl pox virus 1 cells of the choroallantots Eaves aNp Frewerr
(1955) called attention to the classical nclustons (Bollnger body)
which they consider as sites of virus multiplication They may
be mustaken, because they showed only accumulation of virus par
ticles 1n the Bollinger body which were all surely mature forms, m
addition, chonioallantots observations were made at a later stage

In summary, 1t seems to cover most of the facts to say that 1t 15
the basophilic mnclustons which play a necessary role tn supplying
matenal for viral multiplication The eosinophilic mclusions, 1f
produced, ate only by products depending on a Lttle understood
host virus relattonship 1n the rather late stage of infectton The
appearance of the basophilic inclusions are signs that virus mulnplica
tion 1s going on in those areas

Electron Microscopy of Viruses of the Psittacosts
Lymphogranuloma Group 1n Thin Sections of Cultured Cells

Electron microscopy of the viruses of this group in thin sections
of nfected tissues has been made by GAYLORD (1954), TAJIMAET AL
(1957), and Mrrsur ET 4L (1958) So far as the author ts awarte,
00 such study using cells grown 1 culture has been reported Most
of electron mucroscopic observattons presented here will be drawn
from workh which has been done 1n the authors laboratory using
cultured strain L cells (HIGASHI ET AL , 1958, 1959)

Virus used was the Cal 10 strain of menngopneumonits vieus
which had been transferred many times 1n the yolk sac of embryonated
eggs before being recerved by the author’s [abofatory The strain was
subjected to zo passages i stramn L cells Stram L cells (4 10 cells
per ml) recetved vrus inocula of 107* MLD,,ml Although growth
cycle experiments have not yet been completed, optical mucroscopy
was done parallel with the electron microscopy
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Comentional Optical Microscopy

Optical mecroscopic examunations according to MACCHIAVELLO'S
method were made on smears of cultures prepated durning the various
stage of Incubation The cells after an adsorption period of two hours
clearly showed the presence of many adsorbed particles, which statned
red ona blue background The finding that the attached partcles could
be 1denufied as elementary bodies of the virus examuned ts supported
by the following evidence The staimng reaction was quite stmilar to
stamning character of the elementan bodies of the virus (typscal color
reaction of the elementary bodies) The red particles were assoctated
with infected cells and were not attached to cells from control tubes,
and they were not observed extracelluhrly With time, the red particles
mugrate to the peninuclear areas (HiGasun axp Notaxke, 1959) This
observattons suggested that the mfecung virus seemed o 1nvade
successfullv a suscepuble cell as such without breaking it up and
generally conformed to the early descriptions given by BLasp anp
Canti (1933)

After 5 hour infection many red particles were crowded around
the central region of most of the cells fter 8 hour infection, particles
which were stained blue began to appear with the progressive enlarge
ment of the individual blue partrele As infection proceeded larger blue
parucles of variable size w ere frequently intermingled with smaller red
particles which gradually decreased innumber In 12 hour infection the
blue particles increased 1n number and ¢y toplasmuc inclustons (matrices
plaques, morulac) were often assoctated with the blue particles The
1nclustons grew 1n size and became 1]l defined, and 1t was hard todiscern
blue particles individually Subsequently newly formed red particles
became to appear within the inclustons At the 27th hour red particles
again became predomnant and at the 3znd hour all particles recog-
nized were red particles without detection of blue particles

Electron Microscopy of Meningopneumonitis Virus
1n Thin Sections of Cultured Cells

In an early stage of infection (12 hour imfection) there appeared
small inclusions measuring 10 to 15 s m diameter which were
extremely transparent to the electron beam in the specimens fised with
osmic acid Some of the 1nclusions contamned a small number of large
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Fig 20 Stran L cell culture 12 hours after moculation with the Cal 10 stram of
virus Note inclusion cavines which

exelustvely contar large bodies 9 ooox (Hicasi axp NoTane 1950)
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Fig 21 Inclusion 1 18 hour mfection with Cal 10 stran Pleomorphic large
boducs are present 33 000 x (HIGAsHI AND NOTAKE 1959)
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bodies which could be essentially analogous to blue staned pacticles
appeaning at the same stage under the light microscope The shape
of the large bodies was round to ovotd measuning o § to 10 pe tn dia
meter Other bodtes which will be mentianed hiter were not observed
1 mclusions at this stage (Nig z0)

Subsequently the large bodies appeared pleomarphc, with irre-
gular shape, huge form, dumbbefl shape or forms beginning to seg
ment They showed fibrous or renculo granular structures surrounded
by a single or double limuting membrane, and 1n some of them central
or eccentric granules were visble (Fig 21) In 24 hour infection 1n
clusions enlarged and were occupred by a large number of mres-
mediate sized bodies and elementars bodies The large bodses greatly
decreased 10 number and 1t was hard to detect therr irregular shape
(g 22} This stage of viral development corresponds to the stage

=

G usJ

Fig 22 Tnclusion of z4 hour infection with Cal 10 strain Several types of inter
mediate bodws demesaany bodes and b G harge types of hage bodes w
luserated here There are dense solid bodies hollow bodies with a dense shell,
and thosc w hich consist of a central or cccentric nucteoid within a thin membrane
These appear to represeat degrees of maturation Some of the membranes show
microtome distortion and some are rupiu ed 12000 < (HIGasii anp Notaxe,
1939}
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Fig 23 Another scction from same culture as F g 22 illustrating the virus at
d flerent stages of its development Intermed ate bod es (400 430 X) 330 my

less densc 1 their center are present and some of th m are about to d wide
40000 (Hicasit aND NoTakE 1939)
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Fig 24 Intermed ate sized bod es of menngopneumon s virus All of them
show charactersst ¢ co led thread strucrure 45 000X (Hicasut AND Not4ke
1959)
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1n which red parricles are predominant as seen by the optical micro
scope
Intermediate bodies were enclosed by 2 double membrane Of the
hate bodies some app d less dense 1n their center some
were about to divide or appeared 1n pairs being esther of equal or
unequal size due to constriction or segmentatton ([1g 23) and stll
others had 2 dense central or cceentrically located nucleord shich
showed a cotled thread framework presumed to be aggregations of
chromonema (M1g 24) The average duameter of the round form of
intermediate bod ¢s measured 400 m ¢ 1n diameter Elementary bodies
about 250 to 300 my across were surrounded by a double membrane
and had 2 nucleoid about 200 to 250 m 1 drameter showing stronger
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Fg 25 Sect on from 48 hour cul ure show ng clementary and 1 ermed ebod es
scattered throughout the cytoplism A f w farge bod es are 3150 scen There s
nuclear membrane at the 1 ght ¢ ter 3 ooa (H s aND NoTAXE 939)
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Frg 26 A “musal body

inelusion * from trachoma

at onset Large 1nirial

bodics and elementary

” bodies with dense or fant
o ,,. ! vr(_":_: nucleord ate present

o ,.,'{ p,g’{gv-m .,a.n‘,u.. s f\’i'ﬁu‘; 21,000 X {Courtesy of Y

Mitstr 1958)

electron scattering power 1 thicker sections but not so n thinner
sections (Fig 25) Transitional bodies from intermediate forms to
clementary bodies were repeatedly observed charactenzed by decreas
ing size and structural differences of a central mass In a later stage
these bodtes were scattered singly throughout the cytoplasm of the
host cell, still accompanted by a small number of large forms as
tllustrated by Fig 25 Fig 26 shows a trachomn inclusion contamning
large bodtes and elementary bodres

Large bodtes are entirely different from elementary bodes in
electron optical motphology and optical staining reactions However,
transwions from large bodies to final elementary bodies can be
followed 1n thin sections with the electron microscope There 15 no
doubt that large bodies are morphological precursors of elementary
bodies The author 1s quite agreeable with electron microscopic
observations on the viruses of the psittacosis-lymphogranuloma
group (Maeda stramn and Cal 1o strain) 1 mouse Jung or 1 choro-
allantots (TAJIMA ET AL, 1957) and studies on the trachoma mclusion
from trachoma patients (MITSUI ET AL , 19$8) in which the presence of
intermediate forms of “inttial bodies ™ (large badtes 1 this paper) 1
trachoma inclusions and elementary bodies, and the presence of tran-
sittonal forms of meningopneumonttis virus from “intermediate
Sorms ™ (mtermedute hodies) so el bodies wers described
In spite of numerous intensive imiestigations by many workers,
however, 1t may be safely sad that formation of large bodies m an
eatly stage has not yet been blished 10 detail exper
Speculation 1s used to fill 1 gaps It 15 worthy to nate that thc
of the ding virus particles contrasts with

u:
the dlsappearancc of virus particles 1 infecttons of viruses of the

pox group
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The Metabohism of Virus-Infected
Animal Cells

By Ray KoppeELMaN AnD E A Evans, Jr

Introduction

Within the past few years studies of the virus host cell relation
ship have been undertaken by specialists 1 almost every area of
biology  While, as biochemusts, we look forward to the time when
1t will be possible to explain all of the observauons 1n this field on 2
molecular basss, we are at present far from this objective When more
1s known about nucleic acid and protein biosynthests, for example, 1t
should be posstble to translate many of the observations of the

) and the cytoct 1nto broch { terms We have
felt 1t necessary, therefore, to rcsmcl thts article 1n two ways First,
since i of di logy and so on, are
presented in practically every volumc of reviews none are incladed
here Without cataloguing a great number of such articles, 1t can
simply be said that they range from discusstons of a single virus
disease, such as that on poliomyels by MEeLnICK (80), to a review
by Dursecco (26), in which nearly every aspect of virus cell 1nter
action except that of metabolism 1s considered Second, we have
also limited ourselves 1n more biochemical areas Thus, studies of the
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chemical nature of the viruses themselves have not been considered,
for excellent reviews of this topic, the reader may tumn to Knteur
(59), Purass (92) or Scrrant (108) Also, since we are concerned
strctly with the effect of virus nfection on the normal animal cell,
we have omitted, for example, the mnsect viruses where little 1s known
in this respect although there 1s 2 great deal of other information
Agan, since a considerable number of reviews are available dealing
with the effects of alterations of host cell metabolism on virus growth,
we have not included this matertal Also studies on the effect of
1nhibitors have been included only where a specific action on host celt

bolism has been d d Such ihit studies are closely
related to problems of viral chemotherapy and we refer the imterested
reader to teviews by ACKERMANN AND FrANCIS (4), HORSFALL AND
TaM (49), MaTTHEWS AND Syirra (78), and PEARsON (89) Hormonal
effects on virus infection also fall 1n this area, and such work has
been reviewed by Kass anp FINLAND (57) and SCHWARTZMAN,
AronsoN, TEODORU, ADLER AND JAHIFL (109) Nutritional effects on
virus infection have been adequately dealt with by Bauver (11), and
since he also reviewed the early worh on the metabolism of vitug
infected animal cells, no attempt will be made here to give a hustorical
development Tinally, we have dealt only with those agents now
generally accepted as viruses, omitting completely the psittacosis
lymphogranuloma group *

Before embarking on the subject matter of this paper, comments
on 1ts orgamuzation are 1n order In the study of the amimal virus host
cell relationship, the problem 15 to deduce general concepts from
limited expersmental worh on a vanety of systems If this article
dealt with bacterial rather than with vertebrate cells, 1t would involve,
mataly, consideratton of work with one spectes of cells, and one group
of viruses, 1¢, Lrcherscha coli and the T phages The worker m the
field of bactetial viruses can start with detailed concepts denved from
these systems, and then attempt to clucidate the differences which
charactenize other virus host cell systems In the field of ammal
viruses thus 1s not yet possible, and since we are unable to denive any
general concept of metabolism 1n all virus infected ammal cells, we
are forced to present the details nvolved with 2 variety of viral agents

* The nature of these mictoorganssms has been reviewed recentdy by
Weiss (121) and WrnNER (122)
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Influenza Virus

1 Carbobydrate and Energy Metabolism

ACKERMANN (1) 1n 1951 examuined some of the energy relation
shups 1nvolved 1n the propagation of the PR 8 strain of influenza virus
1n the chorioallantoic membrane * of two week old chick embryos
Oxygen consumption of the infected membranes was equal to that
of controls during an 1ncrease of about 10° 1n virus uter There was
no tncrease 1n virus 1n the absence of oxygen or air In the presence
of malonate, glucose uptake was not affected but there was a decrease
11 both resptration and viral growth The malonate w.as not virucidal,
and was snll effective when given 4 hours after infection However,

hough d g viral h did not deprive the
membrane of the abxhty to suppart viral growth, even after 24 hours
ncubation with the compound ACKERMANN also found that ane
myean decreased respiration somewhat, and strongly inhibited viral
reproduction, though glycolysis was httle affected In other expen
ments, Acxsnm\NN AND JomnsoN (5) showed that dinitrophenol
I: bited growth of 1nfl PR 8 1n CAM, and that 1t
was not vmxcxdal When respiration was sumulated two fold with
DNP (corselated with release of mnorganic phosphate), almost no
viral synthests occurred It was concluded that the energy for virus
synthests 1n these systems was related to the mechanisms of oxidstive
phosphorylation of the host

EatoN’s observations (33), studying the growth of influenza
strains PR 8 and Lee, and mumps virus on choroallantoic and am
niotic membrages of chick embryo, are 1n harmony with ACKERMANN's
studies When the tissucs were mncubated ia the absence of glucose
before mfectron, virus multiplication was mhubited, but could be
restored by the additton of glucose and, to a smaller extent, pyravic
acidand alanine acetate, g 1 and a number
of Krebs cycle intermediates were mncuv: Diamudines, which
increase acrobse glycolysis, were found to depress viral synthesss,

* Hereafter abbreviated to CAM

7 Vulogy Vol x
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very strongly 1n the case of mumps virus With low concentratons,
the effect was reversible When the diamudines were added 24 hours
sfter tnfecton, they were much less effective, since virus growth
could then be prevented only by concentrations suffictent to stop
cellular growth When duutrophenol was added, sespitation and
glycolysis were increased but viral growth was depressed, both with
deembryonated eggs and with membranes 1 culture EaTon con
cluded that virus growth was dependent upon readily avatlable energy
sources and on transfer of energy by phosphorylation

Danrers, EAton AND PERRY (23) 1 studying influenza nfection
1n decmbryonated eggs also found little growth of virus 1 the ab
sence of glacose Thus 1s consistent with MILLs’ observation that the
deembryonated egg tofected with Lee stramn of mnfluenza B takes up
more glucose than the wmnfected egg (81) Pyruvate and alanne
were found to substitute for glucose n this system

Levine, BoND AND Rouse (67) studied the substitution of
pyruvate for glucose 1n nfluenza infected CAM Two strains of
nfluenza A, WS which has no neurotropic effect 1n muce, and NWS
which s uniformly fatal to mice were used Both viruses multiplied
on addition of o1 per cent glucose to a basal salt test medum
Substitution of o 1 per cent pyrurate for glucose allowed only WS
to multiply o o2 per cent glucose plus o 1 per cent pyruvate gave
maximal hemagglutimn titers fog both viruses It could be shown
that while NWS 1nfected the cells 1n pyruvate 1t was not appreciably
syathesized Additton of any of 2 number of compounds various
glycolytic mntermediates, pyrsdine nucleotides, and adenosine mono ,
di, 2nd tr1 phosphates increased the titer of NWS over that 1n pyruvate
alone ‘Thus pyruvate alone was unable to supply all the factors needed
for synthesis of the neurotropic stran Nevertheless pyruvate plays
an 1mportant part 1n the synthests of 1nfluenzz vitus since WIELGOSZ
(123) found that PR 8 mfection of chick CAM causes an increase 0
the 1ntial rate of pyruvate uptake between 30 and so per cent That
the route of pyruvate bolism may be ficant 15 also sndicated

5
by ACRERMANN's study on the relation of the Krebs cycle to viral
synthesis (2) He found that sub lethal doses of sodium fluoroacetate,
shich prevents oxidation of citrate, caused 2 marked mhibition of
varal syathesss in the lungs of mice infected with PR 8 2 ¢110, and an
accumulation of citrate 1n the same tissue Sodwum fluoroacetate was
not virucidal, and sts effect was apparent whether 1t was given 15
munutes, 6 houss or 1z hours after moculation In contrast, this
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d was found by MoGarGas aNp HorsFaLL (83) to cause
only a shight delay 1n the growth of PR 8 and Lee strams of influenza,
and the Habel strain of mumps 1 chich embryo, and of PR 8 and the
preutnonia vitus of mice mn mouse lung These workers concluded
that the metabolic processes blocked by fluoro acetate are not essentsal
for the multiplication of these viruses In the light of all the informa-
tion avatlable, 1t appears that the metabolic mechanisms of the host
involved 1n the use of carbohydrate for the generauon of phosphate
bond energy ate not only unaffected by viral growth but are most
probably required for replication

2 Phosphorus and Nuelese Aesd Metaboliso

Serrrrs (112) studied the undilic and thymudylic acd content
of lung after infection of mice with PR 8, using suffictent virus to
cause death by the third day Synthests of new visus was detectable
withm a few hours after mfection but could ot be correlated with
the small changes found m the nucleotide content As the author
pomts out, such data are difficult to nterpret because of possible
mfiltration of the lung by other cells

Changes in phosphorus content and distnbution have also been
studied PARroDI (88) examining the acid soluble phosphorus of chich
embryo infected with 1nfluenza A, found a dectease 1n phosphocrea-
tne of the infected tissue which was apparent in 4 hours and returned
to normal after about 24 hours This may be related 1n some fashton
to changed energy requirements 1n the early pertod of nfection
Inorganic phosphorus and acid soluble phosphorus also decreased,
but neither as much, nort for as long as phosphocteatine The overall
distribution of phosphorus 1n CAM of chick embryo infected with
PR 8 was studied by Conn (16) Lipid phosphate decreased in the
membrane and mnereased 1n the fuid In addwton, there was more
rapid vptahe of P3* into the membrane, a small part of this being due
to RNA The RNA DNA ratio was unchanged

Lw, Brank, Seizizen anD HENIE (74), and GRAMAM AnD
McCLELLAND (44, 43) injected P** 1nto the allantote cavity of the
chick embryo and, on tnfectton with PR 8, showed tncorporation of
P* 1nto lipid and nucleic actd fractions of the new virus Hovie (51)
also performed such experments, and found that all of the tsotope
appeared in the soluble antigen fraction When the P** contamning
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virus was remoculated nto CAM, 1t was found that after 1 % hours
20 t0 40 per cent of the total P** appeared 1n an 1sotomc saline extract
of membrane 1n the form of low molecular wesght phosphorus
compounds and free nucleic acid, accompanied by small amounts of
nucleoprotein and liptd The major part of the viral nucleoproten P
was 1n the b and since 2 derable amount of 1sotope
appeared 1 molar saline extracts, 1t was presumably associated with
nucler Horre also used $* methiontne to prepare labeled virus and
found that the 1sotope was incorporated into both the soluble antigen
and the hemagglutinin fractions The results were somewhat the same
as with phosphorus after 11, hours about one-fourth could be
recovered 10 an 1sotonic saline extract, and was presumably not wmntact
virus 8% was extracted from the membrane very slowly by molar
saline, and Hovre found no evidence for spectfic association of §%
with the cell nucler as such The results suggested only that a major
part of the viral protein was assoctated with some nsoluble cell
component Observations such as these on the intracellular localization
of virus parts should eventually be correlated with altered metabolic
activittes, although at present, the sigmificance of such findings s
obscute Further, one faces the general problem that the 1sotope
distributtons observed may well be those of labeled non infective
particles 1n the virus population, as suggested by recent findings of
TAYLOR AND GRAHAM (117) 10 studies of labeled poliovirus

3 Amna Arad and Prosemn Metabohisrs

Investigation of the amuno acid and protein metabolism of
influenza tafected tissues shows no charactenistic alterations  Kic-
BOURNE AND HoRsFALL (58) found that infection of the cluck embryo
with 1nfluenza PR 8 and Lee, mumps, and Neweastle disease viruses,
caused an tncreased protein concentration in the imnfected allantote
flurd (as measured by the turbidity developed on addition of 10 per
cent trichloroacetic acid), which paralleled the increase in virus titer
The poten mnvolved was not viral and was immunologically the same
1n both normal and mfected embryos As the authors point out, the
phenomenon 1s not necessanly related to viral growth sunce the 1n-
jection of broth or serum also brought about 2 marked crease 1 the
proten content of the fluid KALTER (55) examined the 2mino aads
present i the allantotc flud proteins after infecuon with PR 8 or



‘The Metabolism of Virus Infected Animal Cells 79

Lee strain of mfluenza vitus Small molecules were dialyzed out of
the allantoie fluid and the non dialyzable fraction was then hydrolyzed
and analyzed for amino aads Increased conccntﬂuons of aspamc
and gletamic acids, 1sol leucine,
threonine, serine, tyrosine, valine and tryptophane wete found with
both viral infecuons

Jomrsow, Kexrrr AND BERGEDM (33, 54) examtned the pattern of
free amino acids 1n chuck CAM after infection with PR 8, and found
secrmungly significant decreases mn the lystne 2nd histidine content
These were not detected 1n stmilar expersments with mumps Since
the mumps virus causes only minimal tissue damage 1t was concluded
that the decreases were due to inflammation rather than to infection
SsuLLs anp RiGurs (113) m similar expenments, examtned both the
peptide and amuno aad composition of the free amino z2aid pool of
PR s-lnf:ct:d CAM  Their data suggested that gluatamic acd 15

d 1n nssucs t g large amounts of virus

and that as viral repl the of glutamic
aad returns to normal Mirrs (31), using the deembryonated egg
mfected with Lee strain of mnfluenza B, examined the uptake of
various amino acids and concluded that the 1nfected cell has an
1ncreased requirement for ¢ysteine, hisudine, and methionine

RAFELSON AND ARNOFY (93) 1nvesugated the conversion of C
glucose to various ammno acids by CAM mfected with PR 8 After
4 hours incubation glutamic acid aspartic acd senine, alanune, and
glycine were found to contan C 4 At 8 hours, more C* had been
mcorporated 1nto the 1nfected than into the control system, and this
increase pesststed at a lincar rate for 8 more hours At 24 hours the
fate 1n the infected system declined while the control contiaued at a
linear level In spite of the increased mcorporation of C* wto the
amino acids upon infection, there were no stgatficant changes 1 the
total amount of amuno acds 1n the two systems Consequently, the
rates for both formation and use of amino acids tncreased upon 1n
fection The increase 1n viral titer and C** incorporation wete parallel,
but the authors feel they are not necessatily related As would be
antictpated on the basis of the findings described above, virus infected
tissues which had been pre labeled with glyciae and alantae showed
a greater loss of acuvity from the free amino acid fraction than did
controls The loss of acvity from the tissue protetn component was
unchanged by infection, as was the rate of incorporation of 1sotopic
Iysme, histidine, alanine, and glycine mto the membrane protetns
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4 Otbher Studies

One study ustng mhibitors 15 of interest smce st suggests a
correlation between the various stages of viral synthesss and the meta-
bolic acttvittes of the host cell ACKERMANN AND MAAssAB (@) -
fected CAM with 1nfluenza stramn PR 8 and 1nhtbited viral growth
with cither AMPS [« amino « (p methoxyphenyl)methane sulfonic
acid] (a tyrosine analog), or methoxinme (2 methiontne antimeta-
bolite) The actions of these mhibitors on virus synthests were found
to be sequential the first phase, adsorption and penietration, 1s
inhtbited by AMPS, but not by methoxinine The second phase
proceeds 1n the presence of AMPS but 1s inhsbited by methoxmnine
No mature virus 15 produced durng this ume The thied phase,
producuon of mature varus, 1s mnsensitive to both inhibirors And
&inally, the release of virus 1s sensttive to thubttion by AMPS

An example of ope other type of study, although not drrectly
connected with our topic, should be menttoned at this pomnt CoLviiig,
Dunsar AND MORGAN (20) examined the ability of a variety of chick
embryo tissues to support influenza growth 11 culture media Very
young tissues were found to be mcapable of supporung vizal growth,
whereas the susceptibility changed markedly 1t two weeks At this
age (z weeks), some embryonic tissue (heast, skin, muscle, and liver)
supported a small degree of viral growth while other tissues like lung
allowed excellent growth Such information will be very valuable
when correlations with the metabolie changes undergone by diffes-
entiating tssue become possible At present we know Lttle about the
factors 1nvolved 1n susceptibility to viral tnfection, and extension of
studtes of thts kind may offer one approach to these problems

s Summary

The nfluenza viruses have been studied mataly 1 the mtact
anumal or with tissues m 2a#ro In many instances 1t 15 difficult to be
certatn of the site of the changes observed and to know to what
ussues o cells they should be ascribed Consequently we bave lutle
precise 1nfc ton on the rel! hup of tnfl virus to
host cell metabolism Normal operation of casbohydrate metabolism
and the assoctated phosphorylative mechantsms scems necessasy, 23
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well as the exstence of the normal cellular mechanisms for nucleic
acid and protein synthests Such changes as do occur durtng virus
growth, at the present time, can be described only 1n terms of alter
attons of the pattern of incorporation of inorgantc P* The Iipid
metabolism of cells infected with influenza virus has not been exam:t
ned

Encephalitis Viruses

1 Carbokydrate and Energy Metabolism

HuaNG (52) 10 1943 d St Louts -phalitis, Jungebl:
Sanders mouse vitus, and Western equine encephalitis for thcl: effects
on vanous tissues tn culture Mouse embryo brain was used for the
first two viruses and chick embryo skeletal ussue for the last He
found that virus production 1n these tissues could be correlated with
decreased production of acid, using phenol red as an internal pH
indicator This has been the basis of a variety of viral detection tech
ruques developed since then, 2and Brown (14) has modified 1t for the
measurement of Western equine encephalitis and 1ts antibody

PEARSON AND WiINZLER {90) studied the relationshup of carbo
hydrate metabolism to the growth of Theiler’s GD VII virus in
minced day-old mouse brain Maximal growth of virus had no effect on
the oxidative or glycolytic metabolism of the ussue, and virus was still
able to grow even when the tissue had been incubated prior to 1nfection
untl the oxygen consumption, glucose uttlization, and lactic acid pro
duction were very low The zuthors concluded that the rate of carbo
hydrate metabolism was not of prime importance 1 this system

Waranase, HIGGINBOTHAM AND GEBHARDT (119) found that
sodum fluoroacetate prolonged the survival ume of mice infected
with Castera equine encephalitis virus Although the compound had
no effect on virus infectivity nor on the susceptibility of the animal
to the virus, the authors assocsated ats action with mhibition of
citrate oxidation 1n accord with ACKERMANN's findings in the case of
wnfluenza infections (2)

RAFELSON, WinzLER AND PEARsON (96) examuned the effect of
Theiler’s GD VII hal Litss on the P of labeled
glucose carbon 1nto minced day old mouse brain and found that viral
grow thancreased the incorporation of labeled carbon 1nto protetn and
decreased the incorporatton 1ato ltpid
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2 Phosphorss and Nuclett Acd Metabolsst?
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most pronounced 1n the protein and nucleic acsd of the smallest
particulate fraction of the cell

3 Amno Acsd and Protesn Metabolisrt

‘The amuino acd metaboltsm of the GD VII infected mouse bratn
has been examined by RAFeLsON, WiNzZLER, PEARSON AND MoLDVE
10 a series of papers (85, 97, 124) Infected minced day-old mouse
brain had 2 lower lysine and histrdine concentration, and a higher
cystine concentration than untnfected tissue The C* of uniformly
labeled glucose was sncorporated 1nto all the amino acids of controls
except proline and methionine on 24 hour tncubatton The tacospora-
1100 10to most of the amno acids was increased by infection, but that
1nto lysine and hisudine was decreased These tvo amuno acds,
which are found n less than normal concentrations in 1nfected day-
old mouse bratn, were, moreaver, shown to be 1hibitors of viral
growth and P** uptake 1n thus svstem These authors found that 1n
mouse brain 1 e1iro, diates 1n glucose boliso ean be used
to synthestze anuno acids (all the esseaual amino acids, for example)
not normally produced by the iatact animal When C* labeled
acetate or formate was used 1n place of glucose 10 150tope was found
1a lysine, and snfection with the GD VII virus depressed incorporation
1nto hustdine

¢ Summary

Infectian of cells by the encephabitis viruses apparently leaves
the normal cnergy -yielding cellular processes intact There are ndica-

tions of a of carbon 11 1nfection,

nasmuch as the C* mcorporzuon mto cellular Lipid dccrczs:s v,lulc

that into protesn A of phosph 15
3 1 " int

also sugg by n oz’ P 1nto various

chemically and physxcally distinet cellu]ar fracions The particulae
type of nucletc acsd 1n the virus may explan the cireumstance that
there aze changes 1n the activaty of cellulas RNA but not DNA There
are no marked alterations 1n the use of carbohydrate carbon for the
biosynthesis of amsmo acids except 1n the case of Iysine and hustidine
The metabolism of these two amuno acds appears to be closely
associated with vizal multiplication
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Poliomyelius Virus
1 The Metabohsm of Cells in Tassue Calture

The viruses considered up to now have been, to 2 great extent,
studied 10 complex hosts—the mouse, chick embryo—or 1n minced
brain tissuc used with 2 complex e medium dratel
after exaision These are frequently the methods of choice for invests
gatton of virus host nteractions However, 1n the past few 3 ears the
simplification of techniques for growing cells 1 cultuse has given a
great impetus to the study of effects of virus on metabolism at the
cellular level Enzymatic changes and their causes, the intracellular
sites of viral synthesis, soutces of energy, and biosyathetic pathways
are studted with mote simplietty 1n an ssolated system where we have
teasonable assurance of the ccll types mvolved and of the degree of
infection produced Needless to say, all the work done with cells 1n
tissue culture has not been of this character, but the solution of
technical problems, such as quantrtative virus assay, suggests that
objectives such as these may be approached It scems reasonable to
assume that work of this kind will help 1n understanding the more
complex situations found 1n the virus infected animal, and we have felt
1t advantageous to include data on the metabolism of cells 1 tissue
culture 1n the discussion which follows

In view of the growing number of applications of tissue culture
techmque, we refer those intesested 1n posstble uses to the compre
henstve review by Ross AND SYVERTON (104)

2 Carbobydrate and Energy Metabolism

Ronsxs, EnpERs AND WELLER (102) 1 1950 described the
cytopathological changes and decreased acid production following
\afection of human embeyonte skin muscle ussue with Lansing or
Brunhilde strain poliovirus ‘These changes have been observed after
infectron with many strams of poliomyelitis virus, and are the basis of
2 number of methods for virus and antibody assay (73, 103, 106) The
notmal acid production of cells has been used by RAPFAPO’KT (100) to
estimate the number of cells mn 2 layer culture by g
the color change 1n phenol red solution durtng a standard penod of
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tme In this study 1t was shown that the hydrogen ton production of
cells under the cond: of d constant for short

peniods of tume, although the end rbohyd.

c content varied
from 11 to 70 sucrograms per mullion cells It was suggested that the
excretion of hydrogen sons with some anton 15 2 primary function of
the cell and 1s maiatained as long as the cell retains its integnty, even
at a munsmurm metabolie rate

FrangiiN, Duncan Woon AND RuODEs (37) found that the
atslizaton of glucose by human embry o bramn and cord infected with
the Lansing virus was less than normal, glucose uthzation had
usually declined constderably below half the normal value after 3 days

ZwarTow AND WEsTwoop (125), mestigaung the factors
affecting the growth of a vanety of mammalian tissues n culture,
found that growth (and glycolysis) occutred with
ox)gen concentrations greater than 1o per cent Ths 1s of interest 1
connection with the observation of GIFFORD, ROBERTSON AND
SyverTON (38) that 1 HelLa cells infected with Type 1 Mahoney stran
poliovirus, maximal yiclds of virus were obtained between pH 7 2
and 7 8, the range of maximum oxygen uptake

Results of this kind sugy d that d: boltsm was
essential for the production of poliovizus 1 tissue culture However,
GIFFORD AND SYVERTON (39 40) studied the energetic requirements for
virus muluplication and found that both Hela cells and monkey
kidney permutred replication of poliovirus under stuct anaerobic
conditsons While the latent period before viral release was prolonged
under anacrobic conditions the yield per cell was the same as in the
presence of oxygen or ais Infection of Hel.a eells by Type 1 Mahoney
straia caused no change i the oxygen consumption of aerobic cells
or the actd prod of bic cells until cytopathology was
evident The authors suggest that HeLa cells are appatently faculranve
acrobes with regard to the means of energy production for virus
synthests In contrast to the tesults of GIrFORD AND Srverron, Levy
AND Barors (65) found that within one half to one hout after infectron
of monkey kidney by Saukett strain of type 3 virus, lactic acid pro-
ductron was ncreased and rematned above the control rate for 6 to

' o

withun an hour aftet tnfection—long betore appearance of new virus
of cytopathology It 1s possible that the differences n the results of
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Frscuer (82) showed that infection of Hela cells by Mahaney vicus
caused an increased P uptake 1nto the nucleic acid and Lipsd fractions,
apparent 1 hour after infection Virus uter and avclerc acd labeling
sncreased stmultaneously

The total RNA Phosphorus of HeLa cells g5 approumately
sox 10 “mg per cell, and the DNA phosphosus about 20 X 10 *mg
per cell (41,76) Maassas, Lon AnD Ackeavans (6) found that the
nuclear RNA was 5% tumes the cytoplasmie RNA Infectton of
Hela cells with Mahoney stram poliovirus caused approvimately
250 per cent incsease 1a the amount of cytoplasmie RNA 1 7 hours
relative to the uninfected cell The nuclear RNA and DNA showed
hLttle change All these fractions from mfected cells showed 2n 1
creased P** uptake 10 have taken place (approximately 175 per cent
that of the usunfected cells) duetag the first hour aftes mfection The
tcorparation nto DNA decreased wath time, whle that 1ato cyto-
plasmic RNA increased The nuclear RNA showed the hughest rate
of 1ncorporation 2 hours after 1nfection, the specific actiity of this
fraction was two to three times that of the cvtoplasmic RNA Since the
nuclear RNA and DNA zemained constant 1 amount, the screase in
P suggests an active nuclear turnover rather than net synthesss of
aucleic acd This, the authors believe, 15 assocated with the proten
synthesss following virus infecrton The changes ;m RNA labeling
accurred before vires was demonstrable, and were maxinal before
the virus reached maximal tizer

In 2 later report, Lost, PAYNE AND AcKERMANN (75) found that
the cytoplasm of infected HeLa cells contaned mncreased quantities of
polymenzed nucleotides The usual four bases of RNA were present
s lager amounts but 1 the same proportions as sa normaf cytoplasm
Examination of 3 cytoplasmic fractions with sespect to RNA, protesn,
and v1rus content ndicated that the bulk of the RNA aad viras was
found 1 assocation with the smaller cytoplasmuc particalates

Gorprings £r AL, {42) studied the sncoporation of unsformly
labeled C* cyudine mto Hela cell RNA and DNA dusag fection
In the pertod from 1 to 11 houss after tafectron with Sackett stran
of type 3 poliovirus, incotporauon of eynidime 1nto RNA was 6o to
80 per cent of the coatrol level Duung the second half of the expest
rmental pertod (from 3 s 10 11 howrs) scorporation of cyadine o
RNA was approximately the same 12 the nfected and control systcmls,
whle the Icorporation ato the DNA of imfected cells was ot {,
10-25 per cent that of the controls This indicates a depresstoa ©
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esther DNA synthests ot tumnover while RNA, being used for viral
ynthests, to be bolized by the cell Whether this
incorporation represents actual RNA synthests or sumply turnover
was ot determuned, but from the wotk of ACKERMANN'S group, 1t
seems safe to conclude that net synthests of RNA was v olved

A brief summary of recent work concerned with the metabolic
stability of the nuclesc acids 1 normal cells adds to the picture pres-
ented thus far GRAHAM AND SIMINOVITCH (46) prepared P labeled
strain L cells and kept these growing loganthmucally 1n non radto
acuye medum by the periodic addition of new medium They found
an 1autial small loss of P** from the RNA fraction (presumably due to
handling and transfer) but no loss of P from DNA Calculation of the
concentrattons of P* in the cells showed conservauon of RNA
phosphorus for 6 generations and of DNA phosphorus for g genera-
tions There was no renewal of DNA phosphorus or the bulk of
RNA phosphorus during logarithmic growth Trowpson, PavL anp
Davipson (118) studied the stability of nucletc aexds 1n stratn L cells
growing slowly near the maxumum population level Cellular nucleic
actds were labeled with C* from formate and the loss of activaty
from DNA and from nuclear and ¢y toplasmic fractions of the RNA
was followed Both types of RNA showed some turnover Very hittle
1sotope was lost from the DNA and 1t was suggested that although
turnover of DNA oceurs, 1t 1s obscuted by the remcosporation of 1ts
breakdown products

Another approach to the problem of altered nuclesc actd metabo
Iism upon mnfection with poliovirus ts typified by the work of Kovacs
(81-64) who examuned several enzymic acuvities which are directly
and sndirectly connected with nucleic acid metabolism Monkey
kedney epithelial cells were infectcd with Mahoney, Saukett, or MEF 1
viruses, and the culrures exammed on the sixth day of 1nfection for
changes 1n enzymanc acttvity Acad and alkaline phosphatase, -
nucleotrdase, acid RNAase, and acid and alkaline DNAase decreased
1 actr ity 1n the infected system, whle alkaline RNAase increased m
the snfected system The deptesston of DNAase dcuvities 2ppeats to
be duc to an inhtbitor produced or released after infection, since yirus
1fected culture flusds anhibit the actvity of other DNAase
Tt was found that the acid phosphatase acuvity of infeet :‘
cally disappeared after an tartial incsease It ss felt
1ncrease 1n acid phosphatase during maximal
cates a role for this enzyme in early symhcu’c
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Kovacs also suggests that polio infection 15 essenvally a dis
turbance of RNA metabolism with the cellular DNA Temamning
constant, at least duning early phases of the infection In terms of the
operation of normal biosy nithetsc mechanisms however, we can look
on polio infection equally well as 2 disruption of DNA metabolism
with the RNA component remasntng intact

¢ Amno Aesd and Proten Metabolion

Eagrs AND HABEL (29) obsecved (as cited eatlier) that glucose,
glutamine, and salts are the only requirements for pohiovirus synthesis
in the HeLa cell DARNELL AND EAGLE (24, 25) found that vitamm
By depleted cells were unable to produce virus from glucose, glut
amune, and salts Loss of ths capaaty was assoctated with changes 1
the free amino actd pool of the cells When cells were starved, ghut
amne was found to disappear within 6 hours from the free ammno
acd pool While the role of glutammne 1s uncertain, EacrLe, Oxasa,
Levy, Horton AND Freiscinan (31) suggest that st provides an
esseatial transamunating mechanism on the basis of the spanng acton
of added non essenual amuno aads

Study of other human cell lines demonstrated that glutamne
was required for growth, aithough 1t could be replaced by hugh con
centrations of glutamtc actd (30) Other amino acxds and 2 vanety of
purines, py d and salts d d but did not
abolish the glutamine requirement Monhey kidney cells need the
same amuno acsds as Hela cells, but therr glutamune requirement can
be sasfied by glutamuc 2a1d, aspartic acid, or asparagine (28)

Rarrarorr (9g) studied the capacuty of monkey kudney cells to
support polovirus synthesis 1 2 syathetic medmwm contaiung
glucose, cysteine, 1soleuctne, histidine, arginne, Iysine, methiomne,
threonine and salts Cysteine was required for svceessful growth, and
could replace the eatire amung aced supplement on infection of kudney
cells with Type t Brunhilde strain poliovirus The salts, moteover,

luded no pounds Consequently, viral multiphea-
ton 1n. these cells, just as 1 HeLa cells, apparenly uses only some of
the biosy nthetic systems notmally sequired for growth

In studyng the growth of poliovirus in HeLa cells, Acxm(mrlx,
RassoN AND Kurtz (8) found that there was no parallel berween cel
Iular snyury and wiral multtplication A latent period of 4 to 5 hours
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was followed by virus release over 6 1o 7 hours Changes 1n cellular
stuung could be detected before cytapathology was far advanced
and before the release of the major amount of virus Visus production
and cellular muftspl were marhedly inhibited 1 the presence of
Huorophenylalasune, and these effects could be completely reversed
by phenylalanine Fluoropheny lalantne, however, did not retard the
accurrence of cytapathologtcal changes

Levy Anp Barow (69, 70) exammined the uptake of glycine 2 C*
by normal and Saukett infected monkey kidney cells 30 munntes before
hanesting of che cells Infectton inbibited the uptahe of the ssotope
wto the bpnd fraction of the cells most strongly Uptake nto the
nuclerc suids was least affected The changes were apparent within
t hour after infection, and long before the appearance of new virus

In a series of studtes pertinent to those descubed above, EAcLy
AND COWORKESRS (32, 68) have demonstrated the roles of the various
amino acds required in the metaboltsm of cultured cells Glutamine,
umformly labeled with C ¢ and having N * 1 the amide group, was
ncorporated directly into cellular protein without degradation the
whole of the protein glutamine being denved from the glutamune of
the medium  Glatamyne and glutamic sad acted ndependenty 1n
proten biosvnthests, neither betng a precursor of the other Nesther
amide nitsogen nor ammonia were o amuno attrogen precursors The
catbon chain of glutamine was the precursor of asparuc sad and
proline The C * of unsformly labeled phenylalamne and tyrosine was
incotporated almost eptirely into psoten 4s the corresponding amno
aad The non essential amino acids, when not supplied w the medrum,
were found to be highly concentrated 1n the cells, as they probably are
dustng viral syathests 1n a glucose glutamne salts medium

J Otler Studses

In the past several yeacs 2 number of studies have been digected
toxard localizing the intracellular site of polrovirus  syathests
ScuweRDT AND PARDEF (110) found that sbout 4f5 of the virus n the
fervous system of Lansing infected cotton rats was free 1 the sub
Dicroscopte particle fraction the microsomes KAPLAN AND MELNICK
(36) obtawned results similac to those of SCHWERDT AND PARDER
since cells frosm the central pervous system of mice paralyzed by polio
fection had a higher concentration of virus 1 the nuclear fracuon
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uptahe was increased mnto all cellular fractions, Jeast tato the Lpuds
Glyane C ¢ mcorporation was mereased only into the 2cid salable
fracttonn These changes depended on the presence of infecuve virus
Maonkey hidney, which exhibits no early pathology, showed the same
changes

Pereina (91) and EVERETT AND GINSBERG (34) have recently
been able to separate a protesm factor from adenovirus particles which
will cavse reversible clumping and rouading of Hela cells without
nucear alterations, and which does not affect viability or growth
Hela cells undergo these cytopathological changes soon after
wfectiont with adenovirus

3 Summary

In'the absence of other evidence, we can assume that the adeno-
viruses use the carbohydrate metabolism of the host cells as the
energy source for virus synthesis Jn contrast to 2 number of other
1ruses, these cause increased actd production by the mfected cells
Infectton stmulates the turnover of RNA and DNA phosphorus but
apparently not RNA and DNA synthesss P* uptake 1ato all cell
fractions s ncreased by nfection, while glyane iacorporation Js
1nereased only into the acid soluble fracuion of the cell

Other Viruses
A wide vamety of other viruses have been studred for ther
effects on host metaboltsm, but such tavestigations have not beea

netrls so extenstve as those presented above, and the data are best
constdered 1n terms of the effects on specihc areas of metabolism

1 Carbokydrate and Energy Metabol:

Swrres AND Ko (115) exanuned the effect of myxoma, fibroma,
Rous sarcoma, herpes simplex, vaccnta, Neweastle disease, and swine
nfluenza on chick embryo CAM Infectton with 2ny one of these
left the oxygen uptabe of the membrane essenally unchanged, but

1ncreased gly colysis
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Neson and D Burair {86) determined changes in enzymic
acvsties 1n ectromelia infected and regencraung mouse liver They
examinied the rato of uricase to acid phosphatase 1 vanous fracttons,
and found 1t to be approximately the same 1n normal and regenerating
ussue Vimus infection caused 2 lowered ratso tn the “heavy muochon-
dnial”, and supernatant fractions Such a finding 1s difficult to evaluate,
since 3t may be exther 2 primary response to wmfection, or stmply a
result of virus with mote fund ] processes

2 Phospborus, Nuclese Aced and Protean Metabolism

Brangk, hanioa ano L3 {13) studied the P paruuon in de-
embryonated eggs nfected with herpes simplex and vacana Auto
radiograms of the nfected embrvos showed that the P content
tacreased 1 blood vessels, CAM pochs of vacania, and points of
mechanical injury  After infection with enther virus the concentration
of P n the amniotic flutd mereased 1o to zo fold 1n 48 hours
Coorer (21) studied the path of phosphate transfer 10 monolayess of
minced chick embryo ussue tafected with vesicular stomanus virus
He found that phosphorus entered the cc“ via an wmorganic pool

} with exteraal p t and was trans
fereed to hrgcx molecules o to the orgamc aad soluble phosphate
fraction  When virus mfecuon was synchronous {ie, one step
growth) there was no detectable change 1n the rate of gamn of P by
the acid soluble phosphate, lpid phosphate or RNA, uantit uptahe
ceased at about the muddle of the ume of exponentral release of 11rus
Ina contiuation of this study on monolayers of minced chick erbryo
cells, CooPer (22) concluded that an osmotic batxier near the cell
surface regulated the tecprocal exchange of morgane phosphare
between the medwm and some component of the acid soluble
phosphorus fraction The adsorption, penetration, and release of
vesicular stornatttss virus appeared to occur without any damage to
the mechantsms involved sn this phosphate exchange

Nuclese acd and protein metabolism have been examined m 2
variety of virus host systems RANDALL AND Moore (98) studying
the 1nfection of Hela celis with equine abortion virus, found that
after 48 hours 1ncubation, wnfected calls had 2 significantly tacreased
proten and DNA content, while the RNA content remained normal
Newron Ann StokEg (87) tafected Hela cells with herpes virus,
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:::Z?dh& ?\?l)’r [ flcr ceat the infectnsty toward this eell as st does
N AN onal auclaic acds, DNA and RNA were determuned
ts after infection the DNA of infected tissue was 40 per cent
abave the control value After 2 stationary penod of 1o to 52 hours
there was further wcrease of DNA The RNA of both control and
mfected cells was essenually constant Aftes 3 to 4 days those cells
which shawed pathologcal changes had about twsce 3 much DNA
as the controls and contamed practically no RNA
ACKERMANN AND FrRanCIs {3) studied embryonated eggs whose
CAM had been mfected with herpes sumplex  Such tafection 15
followed by growth of virus 1n the CAM, and the liver, heart, spleen
and brai of the embryo Three days after wafection, the hvers and
hearts of mfected embryos were 30 10 40 per cent lazger than those of
normal embeyos The number of nucles, the proter nutrogen, total
nitrogen and warer content per geam of these ussues were the same
i normal aad infected embryos, leading to the conclusion that the
number of cells in the infected organs had mereased es en though the
total werght of the infected embryo was less than that of the normal
embrvo Sucanowdase activity of both pormal and mfected Invers
was about the same Infected heart showed, however, about 27 per
cent fess sucanoxidase actvity {on a wet wesght basis) than normal
heast tissue The increased size of organs of the infected embry o caused
the amount of z ketoglutaric osidase of heart and bvex, and the
succinoxtdase of heart to be approumately equal 1n both the normal
and mfected systems In conttast to heart, the fiver succtnomdase
increased by about o pes cent The tatal aucleic acid content of heart
and hver in the mfected sy stern mcreased 24 per cent above the control
value {on 2 dry weight basis) with no change 1o the DNA/RNA ratio
Ackeraaney and Kurez (6) casried ths stady further by fractionaung
the cellulat components of the lisess of mfected embryos 8o per cent
of the new viras was found appatently free 1n the ¢y toplasm whie
16 per cent was tghtty bound to mnothondrs Moochondsial e
gen per gram of bner decreased 3o per cent after 1nfectton, due to
degeneration of bner cells The physical refationship of viros and
sutochondria observed tn this study, togetber with the biocheaucal
relationship observed 1n the pres tous stud) (3} {changes 10 cazy rmane
actvattes assocated with mitochondti wete abserved after miection
wth heepes virus), led these authors to suggest that the nutochosy
drta are a site of herpes visus synthesis

Rexssc, Brack anp Mezaic (101 mfected @ human celf hae,
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Hep-2, with the Edmonston stramn of measies in rwo different media
In Fnder’s medium (deficient 10 glutamune), infecton caused for
mation of a few huge syncytia, with some of the cells contamng several
hundred nuclet In Eagle’s medwm (containing glutamine), spindie-
shaped cells appeared 10 2 net rather than 10 2 sheet after infection
The addiuon of glutamune to Endet’s medium resulted 1n 2 marked
d n guant cell prod: and sn the of most
of the cells 1ata facms resembling thase obtained in Eagle’s medum
Glutamine 15 ssot essental for virus multiplicanon in ths case, but the
mechamusm wheteby its presence ot sbsence 15 reflected 1n different
patterns of cytopathology after 1afecnion 15 2 subject for furure study

2 Snmmary

Very hntde can be said of fragmentary results such as those jyust
presented They suggest that energy metabolism is feft reasonably
ntact after infection, and thay the sbestations m eelinlar nudlerc and
metabolism are a reflection of the type of nudeic acid 1n the mfecting
patticle Most of the data canoot be related o the normal metabolic
activities of the host simply because too httle 1 hnown about the
latter

Concluston

GorrsenALK (43) has recently suggested that virat nudlacaad (or
some part of st} acting as 2 genetic determusniant, 1s bualt into the host
aucletc actd and protein syntheswzing enzyme systems as 4 coenzyme
1a thss way the vital seq; of comp patts g donthe
nudlete acd and protein produced by the cell If we examune the great
variety of ohsenations recorded here with this suggestion 1 mind,
two things become apparent Fisst, none of the data 13 1n conflict with
the 1dea—~some tend to give 1t suppott Secondly, specific effects of
vires imfecuon on host el erzymes showld eventually be demon
strated 1 nuclese aad and protem biosynthests

The evidence that the nucletc acsd of a virus 15 the infections
agent has been reviewed 1n detarl by Courer (17) Soffice to say here
that inf of lete acid have been ssolated
from polio m(cctcd tissue by COLTER 5T AL (19) and ALEXANDER ET
AL (9), from West Nile encepbalitss infections by Correr et At {19),
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from Mengo encephalstss 1nfections by CoLteR ET AL (18), and from
Eastetn equine encephalomyelitis by Wecker Anp Scrirer (120)
These findings are of mterest 1n relation to the entire problem of
nuclese 2c1d synthesss, and seem particulasly relevant siace primer
nucletc 2cid 15 required 1 those mucleic actd synthesizing enzyme
systems haown at present (47, 6o}

From the studies reviewed here, 1t appears thar the energy pro
ducing systems of the nfected cell must be selatively intact This 1s
2lso true for the protetn and nucletc 2ctd synthesizing systems of the
infected cell Numerous observations indteate that various corollary
acttvities (carrred on by the cell during normal growth) can be dts
pensed with duning virus synthests

When we turn to the second point mentioned above, our mnabiliy
to show specific effects of 2 virus on host ecll enzymes 1s undoubtedly
due to the complexity of the systems used Whether the intact animal
or a cell culture 15 the mfected host, the results are nearly always the
means of unknowns—the mean of different kinds of infected cells, the
mean of infected plus urunfected cells, ete The tdeal system 15 one
11 which cells, uniform 1n respect to type and physiological state, can
be } Iy mnfected by a completely 1nfective virus preparatton
Among the recent advances toward this goal we may cite the work
of Marcus, CrEctura aND Puck (77) on clonal growth of cells, and
that of McLmnans’ gtoup on growth of cells 1n suspension (79) With
pure cell lines, easly grown in quanuty, fundamental metabohc
studies such as that of SaLzyaN, EAGLE AND SEBRING (107) on the
biosvathests of nucletc acid bases in HeLa cells, should be capable of
constderable amplification

Other advances which hold future promise ate concerned with
the preparation of homogeneous virus samples With the development
of highly efficient assay systems such as that described by Focr AND
Lunp (36) for poliovisus, future work should be much more quantita
1wve 10 nature, and newer techniques for the purification of viruses such
as those described by HOYER AND COWORKERS (50) will give purer
preparations n quantity without requiniag excessive tme and matertal
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from Mengo encephalitss infections by CoLTER ET AL (18), and from
Eastern equine encephalomyelis by Wecker AND Scuirer (120)
These findings are of interest m relation to the entire problem of
suclete aad synthesis, and seem particularly selevant since pmer
nucleie 2ad s required an those nuclerc 2ad synthestzing enzyme
systems kaown at present (47, 60)

From the studies reviewed here, 1t appears that the enetgy pro
ducing systems of the infected cell must be relatively satact This 15
also true for the protein and nuclerc acrd synthestzing systems of th
infected cell Numerous observations indicate that varous corolla
activittes (cazried on by the cell duning normal growth) can be «
pensed with duting vrrus synthesis

When we turn to the second potat mentioned above our 1n”
to show specific effects of 2 virus on host cell enzymes 1s undo
due to the complexuty of the systems used Whether the imntac
ot a cell culture 15 the infected host, the results are nearly a
nreans of unknowns—the mean of diffetent kinds of nfecte
mean of infected plus vnunfected cells, erc The 1deal s¢
1n which cells, uniform 112 respect to type and phystolog
be synchronously infected by a completely wnfecuve vin
Among the recent advances toward this goal we ma
of Marcus, CiEcrura anp Puck (77) on clonal gro
that of McLmans® group on growth of cells i susp
pure cell Lines, easily grown in quantty, fund
studies such as that of Sarzyan, EAGLE AND SF
biosynthests of nucletc actd bases 1 Hela cells,
considerable amplificatron

Other advances which hold future prom
the preparation of homogeneous virus sample
of hughly effictent assay systems such as that
Lunp (36) for poliovirus, future work shou!
tive 1n nature, and newer techniques for the
2s those descnibed by Hovyer axp cowr
preparations 1 quantity without requirin
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strans were actually considered by other investgators to be a special
type of Coxsachse group A virus (LENNARZT EX AL, 1957, TYRRELL ET
AL, 1956, WOHLRAB ET AL , 1957, DALLDORT, 1918) Among types 1,
2,and 3 polioviruses some strains extst which are of low virulence for
monkeys {Sastn, Hennessen AND WINSSER, 1954, KorrowsztEr AL,
1954, MELNICK, 1934) At the same ume ewustence of especully
viralent (hughly prd strans of pol m
one and the same fogical type was dl gested
(CHUMAROV ET AL, 1951, 1955} Type 2 poliomyelitss vitus was found
capable under certam conditions of producing myosits in radents
(ARONSON Er AL, 1933, 19y6) There ate many cxamples of other
vanations of the pathogensc propetties of different virases

‘Therefote the time appatently has not yet come for a final classifi-
catton of enteroviruses and especiaily of the many faculiative and
abligate neutotropic viruses ssolated 1n conaection with nvestigations
of poliomyebtis and diseases with simular climeal picture

Under these condittons any discussion on the nature of the Kara-
ganda steains must consider all theis propesties, including the capacity
of these viruses to produce paralytic poliomyelitis 1n monkey s, cotton
rats and probably human beings (though for the latter st would be
destrable to have add) i data and 1n more
studies and 1n 2 number of countries)

In the matenal presented below, 1t 15 shown that the ability of
AB IV viruses 10 cause paralytic pohomyelitss 1s not acardental, teanst-
tory ot gradually decreasing as the viruses are passed 10 susceptible
anmals Neurotropism of these stramns for monkeys and cotton rats
15 110 less stable a propetty than myotropism for suchling white mice
O the contrary it was shown that tssue culture adapted AB-IV virus
after 27 passages an hidney culrures fost 1ts ability to 1fect suckfing
‘white mice, but preserved a1s pathogematy for monkeys

Neurotropie propetties wete also revealed in 1avestigations of
the prototype strain WP of Coxsackie A7 virus (VOROSHILOVA TT AL,
1957) And though the question has not vet been settled on the
idennity of AB-IV and A7 viruses, we believe there are good reasons
to exclude Ay virus from the Coxsackie viruses because of 1ts neuro
tropism for monkeys and corton rats A suggestion was made to place
polomyelius Itke AB IV and A7 vituses into an intermediate possion
between the true poliomyelinis viruses and the Covsackie group of
viruses (VOROSHILOVA, 1957, 1958, HORSTMANN AND MaNuELIDIS,
1957, 1958)
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monheys and adult sodents cannot be considered adeguate criough
for some wiruses of the group (DALLDORF, MELNICK AND Curney,
1959} For example, 1 addition to Coxsackie Ay virs, under cortam
conditions Coxsackie A14 virus produced 1n cynomolgus monkeys
poliomyelitts like morphological changes 1n the spinal cord, although
there were no clinical signs of paralysts, and Coxsackie A1 virus caused
flacaid paralysss in adule whate mice (DALLDORF, 1957) It 15 possible
that, as passages of Coxsachte viruses will be done mote extensively
and thetr pathogenic spectrum studied 1 more detarl, additional data
will be obtaned on acquired or existing neusotropism of these
viruses Even under these condsttons AB IV yirus 1s still very different
from other Coxsackic viruses including Arg and A1, because of 1ts
unusually hugh and regular patalytogensc acuwity for monkeys and
cotton rats
We are as yet not quite sure that A7 v1rus stratns are completely
tdeatieal with the Karaganda AB IV and other strams because,
despite the great similanty between them, some differences may be
noted, matnly 1n the intensity of neurotropism for monkeys znd
cotton rats Such a point of view 1s 1 keeping with the existence of
quite independent infecttons, such as Russtan spring summer ence
phalttis, louping 1ll, Omsk hemorthagic fever, Kyasanur forest disease
and others, 1n which the causatve viruses ssolated have very many
stmtlar immunologic and pathogenic properttes and yet fundamental
differences eust 1n the cliucal prcture and epsdemuology of the
diseases Therefore we may expect other cases of close immunologic
stmularity between different kinds of clinteally independent viruses
of logical deriologscal, clmnical and

Further comp P
experimental dara between the Coxsackte A7 viruses and haraganda

strains are obviously required

Thar rewssion of wrus classification 1s quite natural 15 evidenced
by the extension of knowledge on pathogenic and other propertics
of viruses Among vituses of the ECHO group some members were
recently sevealed as having properties which brng them close to
erther the Covsachte group A viruses of to poliomyelitts viguses For
example, some ECHO g strains isolated during an eprdenic of
aseptic menIngitts 1n the European countttes 11 1956-19§7 were found
to be stmilar to Coxsaclie group A viruses 1n their pathology for
suckling white micc (McLEAN AND MeLNics, 1957, HENNESSEN,
1957s BAUMANN ET AL, 1957, GARNETT ET AL, 1937, JUST AND
BERGER, 1958, KRECH, 1956, SAUTOV, 1957) However these same
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Until 1956 our laboratory for cextan reasons did not work with
prototype and other Coxsackse viruses, and we were not able to study
tups between K da stramns and the Coxsachie
gmup of viruses It should be mentioned that the Gircumstances of
solation of Karaganda strans and their pathogenioty were such
that the possibility of thesr relavonshup to the mild Coxsackie group
was not suspected
In x951 the first report by ]um\sscw mn LuspMARK (Sweden)
g 3 cross hup between AB IV
and Coxsackie A7 viruses by the use of mouse ncutralization tests
Thus was confirmed 1n the US A by Hansw Anp Loovs (1957), and
later by Horsmrann ann MAnUELIDIS (1957, 1938), as well as an our
laboratory whenn 19573t bccnmc possxblc to worL\vnhpmmtypc Cox
sackieviruses At the atkers found thatthe AB IV
virus with great regulanty produced myositss 1n suckling white mice,
and also 1n suckling Synan hamsters (Tonescu Mrsasestt £1 av,
1957) The last authors also observed a higher susceptibility of cyno
malgus monkeys to AB IV virus as compated to thesus monkevs,
and found lestons charactenstic far poliomyehus 1n the spinal cord
nearons of monkeys infected with AB 1V varus
In 1957-1958 1n our laboratory evidence was obtamned that the
prototype WP strain of Cowsackie Ay virus was pathogenic for
mosnheys At the same time HastL AND Loomis (1957) made the very
that monkey A7 virus could be
obwncd from human stools which had ethcr yielded steans patho
gerue for suckling white mice and possessing marked myotropism
Horsmarany Anp Manusniots (1958) made setial passages of
AB IV virus 11 monkeys and obtained valuable hustopathological and
fogical data <k the exp I nfection more
completely
Expeuments of Russian as well 25 Amencan and Rumanin
tavestigators showed that m a number of monkeys nfected with the
AB stzam, the hustologie lestons were mdistinguishable from those
of poliomyelins while 1 other cases there wete lestons tn areas not
typical for poliomyelns
Of practieal 1mmportance 15 the fact that 10 DRk Haser's
faboratory (U S A ) the AB IV virus was adapted to monkey hidney
cells, which made possible broad serologic mnvestigatton of the 1w
fection with this vamant of the virus
After the work of the Russtan mvestigators who demonstrated
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History

The following is the short history of mvestgations of group A7
AB IV viruses In 1948 DALLDORF AND SICKLES (1949) 1solated 2 varus
pathogesuc for newborn mice It was WP stran which they constdered
to be an independent smmunologic type A7 Several stramns of this
type were tsolated 1n 1953-1954 and studied 1n mice and in tssue
culture 1 Sweden (Jonnsson, 1956, SVEDMYR ET AL, 156} These
viruses were noted to adapt with difficulty to tissue culture However
Svepyrr, Merex, KyetLEin (1956) 1n collaboration with Jomnsson
(1956) ssolated two A7 strains from stools on direct inoculation of
tissue cultures, ncluding otie stramn which was also 1solated 1n suckling
white mice Tests 1n adult cotton rats and monkeys with materials
from which Ay virus had been ssolated 1n mice or tissne enltures,
were not done, as far as we know, unnl recently

In 1952 1 the course of laboratory tests on cases of paralyne
poliomyelitss from a small outbreal, (260 cases) 1n the town of Kara
ganda, Kazakhstan, we ssolated three peculiar strams of virus Two
of these strans, AB IV and GZ-1V, were isolzted by direct inaculzton
of monkeys with antibiotic treated stool suspension from paralytic
pattents, and were passed sermally 1n monkeys The third stram,
MK-TV, was 1solated both 1n adult cotton rats and suckling white
mice also lated with stool susp from paralytic patients
and was later adapted to monheys

Both patients from whom the AB IV strain was ssolated died
of bulbo spinal poliomy elitts Tests 1n the monkeys, with pooled stool
sample collected from these two patients on the first and sixth day after
onset, did not result 1n tsolation of paliomyelis virus of any of
the three types, but yielded the paralytogenic AB IV stratn which was
then propagated sextally 1n monkeys This suggested that the ssolated
virus was the cause of fatal paralytc poliomyektis ta both or at Jeast
1n one of these pattents In another case of vrus 1olation QMR IV
strain) convalescent serum from patient K contamed fugh titers of
homologous anttbodies teutralizing Mk virvs Sera from other
conval and gamma globulin from some regions of the USSR
also c q bodies which hzed K da steans The
strams were symular antigerucally, but at the same ume sharply
different from type 1, z and 3 polioviruses and from miny other
neurotropic viruses
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watez, centofuged at 3000 pm fot 30 mun Supernatant fnd was removed and
enatrifuged ar 12,000 tpm of ;coo spm The second supernatant Swd was treated
2 reconenmmeeit {210 wansiml) for an hour at

- aha

guinea pigs, Wwhice £aty, SR Lot o . <
cub were. aléo smoculated with AB IV strain (wth negative sesults)

= ale For s solatioa monkeys were wmpretsd oves &

v tmemally 820 mt

sbitics Foc

P drawen with

pincers and removed 10 the Ll 1t . ol was intro-

duced betund che somsilae plts of he opposte s, 0§l 0 each tonal

“an aten recerved day nose instillations of z-3 ml of

~culated

. . . 4 daily,

. . }during

Stool samples brougnt 10 * us wrs and

sested by L L MIsowova i adult and suckling corton rass and adultand suckling

P . ++ ame monkey
. Adult
d

. y e
negatve

MK stran was 1salated from pooled stoof sample of parients M 2na K
Tests with other s100l samples 10 rodents, snd with bran and cord from a fatal
case in monkeys were neganve

Fecat material sent to Sukhume was tested only m monkey expersments
A tonal of 3 monkeys were inoculated The fisst ansmal received pooled facces
from pattents A and B and yrelded the AB stram

The second monkey secerved poaled facces from 5 children with paralytic
poliomyeltts, and stran “FO CHEMPO™ was 1salated

The thurd monkey recesved stool samples collected 1n the pre pasalyte
phase from pattent Iv, and the “Iv™ strain was 1solated

The strams “FD CHEMPO™ and “Iy™ were idennfied 1n crass immunity
tests 11 monkeys, and subsequently m cross-ncatralizanan tests tn tissuc Culture
as 5pe 1 poliovirus strans

Two morc monkeys remained notmal One of them was moculated with
pooled stools from three patients collecred 2 weeks after ofset, and the second
monkey was inotulated with stoo} from a mother whase baby was i)
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2 definute assocsation of Karagandz virus 1solates with human panalytic
poliomyelitis the first clinical confirmation outside the U S SR was
presented 1n 2 report by RAN2ENHOFFER, Dizon, Lirton AND StEIG-
MAN (1958) They teported the 1solation of 2 vyrus regarded as Cox
sachte Ay from a 3 year old boy admutted July 9 1956 to 2 Loussville
hospital with a climeal pieture of paralytc poltomyeliuss (righe leg
paralysts d ding orthopedict: ,and factal palsy) The virus
was ssolated twice 1 suckling white mice from two stool samples
collected 1 and 2 days after admisston Tests with the same samples 1n
monkey kidney cell cultures were negative Serum samples collected
1 day, 2 weeks and 1 year after onset did not possess antibodses to
the 3 standard poliomyelitss viruses on repeated tests 1n tissue culture
At the same time, 1n 1 e the patient developed antibod:
neutralizing Coxsackie Ay virus in titer 1 630 The authors concluded
that they had confirmed the findings of the Russian workess.

VorosHILOVA, ToLskAYA, GAIDUCHEN]JA, BROMBERG AND
LesHinskava (1958) 1a 2 study of paralyuc poliomyelitts cases 1a the
town of Karaganda isolated 7 virus strains which were neutralized by
antisera against the AB IV and also 2gamnst a Coxsackie A7 stram,
as well as by sera from patients collected tn carly convalescence This
mvestigation 15 not yet completed, but sera of at least 3 of the con
valescents did not contain antibodies for type 1, 2 and 3 poliomyelitis
viruses
Thus data are accumulating 1n favor of an etiologteal rale for
AB IV Coxsackie A7 group of viruses in a human paralytic disease
clinecally ndisunguishable from paralync poliomyelitis

Thts paper presents a summary and an analyss of the data
obtamned 1n nvestigatons of the AB IV Coxsackie Ay group of

viruses
Isolation and Passage of Virus Strains

In 1952 2 poliomyeltis outbreak occurred 1 the town of haraganda
b Oar lab y carried out L 1 for 1solating.

1~ arand far toping the causative virus

in and cord troil 4 Jdla La v b "
iy ool samples was brought to Sukhumt
£ Medical Scrences of the US SR.
0%, Suspen
de distilled

Iytic patients and one bral
to Moscow The other one conststing of 12 st
Medico Biologteal Statton of the Academy of

Preparation Bran and cord from a fatal case were prepared 25 ¥
stons 1n sterile saline Facees were made 1nto 20% suspensions in stcr!
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tumbar cord, medulta, pons, midbrain, subcortex, ecrebelfum and different ateas
of cottex were put 1 70% alcohol for Nisst staining, and the remainig marersal
from CNS and viscera was fixed i 10%, formalin

Histologic examunation of the centsal pervous system of monkey No 125§
(Rommisav, Vonosnivovs, 1953) showed most marked lessons i spinal cord and
medulla There was consuersble dissppearanice of aatesior hom nerve cells,
egenerative changes 1 mang femalnng cells, neuronophagtal nodules, diffuse
vsse with elements, and infiltrates maly
n fumbat cord

In the medulla the most marked lesions were 1n Desters” nuclens, reticular
substance and hypoglossal nerve nuclens

Disappearance of nerve cells, neuronophagiel nodules, diffase asd peri-
vascular nfiltration were found in the thatamus and hypothalamus and in the
nucler of the cerebellurn Jo the motor contes there wesc small fots 1n the yth
layer Small lesions were found 1 globus pallidus and substantra pigra

O November 13, 1952, cord suspeasion from monkey No 1255 was
inorulated into 7 cotton tats, of which § were found dead on the 6th postinocuts
o day

Experyments on the adaptation of AB 1V stram to small Laboratary anumals
were conunued tn Moscow 1 February 1933 (Fig 1) After cord suspension
from monkey No 255 was ioculated tnto suckling white mice 10 of 16 antmals
developed discase Sevesal sucklings developed pacesss of extremitics, bus sn the
magonity of animals the elinical picture was wdsfinite After thice bram passages
n suckling mice, cotran sats were injected One of 3 cotton sats developed
paralysis of hand legs on the 15th postmoculation day Wuth this £at's brawm
suspension 17 suckling cotton rats weee woculated, 8§ of which developed disease
on the 7th-t6eh postnoculation day with paralysis of the hind legs On fusther
passages 1 suckling cotton raty the incubation penod became shorter and
stabitized Now 100% of anmals develop disease i 4 days aftet moculation and
die

Aftes 14 passages sn suckling cotton rats, on September 14, 1933, 2 2 yeat
old male thesus monkey, No 103, was inoculated intracerebrally On the 6th
postinoculation day the temperature rose, the monkey became restless On the
31d day of wlness the temperature foll and complete paralysis of the night leg
develaped, the cereh 1 fuid showed 3 of 311 cells pez cram
Subsequently the monkey developed muscle atrophy and night knte jornt con
tracture

ARer 25 passages 1 suckling cotton rats, on January 3, 195§, rhesus
monkey No 2t was moculated mtramusculsrly with suckling cotton 1at bran

Ou the Teh day the rase 0 4047 C,
and next day the monkey was found in a very severe condution, wich tetrapareses
patalysis of back and neck muscles, and lefesided facl paress The cerehro-
spunal fimd bad 411 cells per cmm (89% lymphocytes, 11% polymotphonuclear
Ieucocytes) In this Line of the AB-IV stran (Fig 1, Jeft) the virus was catried
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Thus from § positive groups of specimens from children with paralyt
poliomyelitis 1n Karaganda two type 1 poliovirus strains were isolated and also
three additional strawns which subsequently were regarded a3 type TV polio-
myclitis virus

AB IV strain ssolation Patient A, 16 months old, became 4l at 5 o’elock
am, September 17, 1952 He was unconscious, and stopped moving his legs
and arms At g o'clock, on admission to a hospital there were no sctive movements
wn the upper and lower extremues Tendon reflexes were absent, nuchal muscles
ngid, respiration difficult and incermttent His condition tapudly deteriorated
and at 1 O'clock 1a the afternoon he died with ewidence of respiratory eenter
paralysis At antopsy softening of the cervical and lumbar cord, and pn point
hemorrhages 1n the brain substance were noticed The picture of acute polio-
myelius was confirmed histologically

Patient B, 31 months old, became i1l on September 12, 1952 The temperatuse
03 to 39 5° C, 2nd there was profuse sweatng On September 15 movements
of arms and legs stopped On S ber 16, on ad the was
39 2° C, voice very weak, cough non productive, mild facial palsy was presént
on the right side In the upper extremities only finger movements were present,
1n the lower extremities no movement at 21l Muscles of both upper and lover

were markedly hyp ‘Tendan and periosteal reflexes 1 upper
and Jower extremtics and also abdominal reflexes were absent Nuchal museles
wete stiff, bilateral positive Lastgue’s sign Thoracic muscles did not take part in
the act of tespiration On the following day the child’s condition aggravated
Tinger disapp Resp. became and shallow,
heart sounds mufficd, and on September 23, the gul died with symptoms of
collapse and respiratory disturbance

At autopsy ateas of softening were found i cervical, thoracic 20d lumbar
cotd, and capillary hemorthages 1n the brain substance Histologically the diag
nous of acate bulbo spinal poliomyelints was confirmed

Stool specimens were taken from both patients on September 17 (15t 3nd
6th day after onset, respectively), and on Scptember 18 they were brought to
Sukhum
‘The fecal matetnl was pooled, treated and noculated repeatedly into the
macacus hybrid (M rhews ~ M nemedtrinus) No 1255 from z3th to 27th of
Qctaber
Five days aftet the first Inoculation the animal’s temperature rose and reached
the maxmmum of 40 3°C on the 7th day On the 1oth postmnoculation day
patesis of the nght leg developed

On the next day the night leg was completely paralysed, also parests of the
Jefit leg developed 1n proximal parts On the 12th day no change 1n the smmal’s
condition was observed It could move about the cage on the arms, the Jegs
passively dragging on the floor On November 1, 2 lumbar puncrute was dode
The cerebro-spinal fud came under rassed pressure, was clear and colodess with
2 pleocytoss of 212 cells per cmm 92%, phls '
49%) The sccond lumbar punctute on November 4 showed s pleocytosts of
193 cells pes cmm, &ll lymphocytes

Oa the 12th post mnoculation day,
brain and cotd were put 1n $0°% glycerol Small preces

the monkey was saenficed Prcces af
from cetyieal, thoraeie and
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with cord suspension from monkey No 125 On the 4th day the monkey's
temperatute rose and persisted hugh for 3 days On the sth day decreased tone
of muscles of the upper extremuties, especully on the nght side, was noted The
nest day both arms were patalysed On November 9, the cerebro-spinaf fluid
showed a pleocytosis of 315 cefls per emm, predominantly lymphocytes

Simultancously with monkey No 1323, 11 suckhing cotion rats were 1
oculated with the cord suspension Nine of them wese paralysed 4-6 days after
noculation

Thied passage of AB-TV strai mn monkeys rhesus No 1541, 9 years old,
a3 inoculated wish cord suspension from shesus No 1523 on November 10,
1953 Hliness developed 3 days after inoculation, and by the 10th day progeessed
to paralysss of the nght leg and patess of the left leg, when the monkey was
sacnificed The cell count was 218 ¢ells pet emm of spinal flad

Simultancousty with monkey No 1343, 4 suckling cotton rats were 1
oculated, 3 of which were paralysed 4 days later The linc of suckling cotton rat
bram passages “AB 1523” has been tegularly used in all out experiments since
Aprif 1956 At present 63 passages have been carnied out 1 suckltng cotton tats

On Aprid 38, 1934, 2 4th successful passage was made with 10%, cord
suspension of thesus No 1545 after 5 months” storage i glycerol (see Tig 1),
bath 1nto 4 monkey and tnto cotton rats

15 3936 sttempts wese made to continue the disest “ monkey hine” of the
AB-1V stran However moculation of monkeys with materal from shesus
Mo 1563 (4th passage) and No 1323 (2nd passage) did not produce disease m
monkeys, suckling cotton rats and suckling white mice, and histological exa
mination of CNS of moculated monkeys gave negative results

On Novesaber 29, 1956, shesus monkey No g5 was woculated intra

cebrall and with 10% cesvical cord suspenston

from rhesus No 1343 after 3 yeats’ storage 1 glyecrol The monkey did not
become d but histological examimation of spinal cord and medulla revealed
lestons charactenstic for poliomychtes

A more successful result was n:hmvrd m s957 On July 3, 1957, ihesus
monkey No 348 was moculated an
with 20°% suspension of low et segments of thoracic cord At the same tme 1t
tecerved intramuscolarly 200 mg cortisone asetate and 300,000 units pentcilin
3 days after inoculation the monkey was languid, there were tremors of arms
and legs The cerebro-spinal futd contained 87 cefls per cmm On the following
day deep patesis of night leg and less manifested parests of left leg and arm
developed

Thus ABIV strain was carried cheough g bram passages in mornikeys
From each of the monkeys 1t % as eanly adapted to suckling cotton 1ars, 1n which
it teadily propagated

T the first attempts to adapt the strain to suckling white mice the symproras
were not very clea 1n the majority of cases After 3 suckling white mice passages
snd one adult cotton 3t passage the “AB t255” line was catned through 41
suckling cotton rat brain passages At the 14th and 2515 passage [evel monkeys
were 1noculated which developed disease indisunguishable from expenmental
policmyel ttis

The "ABNo 1523™ (monkey Edes™ Linc) was passed 63 umes and




Poliomyelitis ltke Properties

VorosniLova/Cuumakoy

116

paskpered £aquogy, ¢
£ep 3§ paskesed sies uonon Su pang ¢
Lep a3 pasfyesed sies uonon InpY 7

Aep @b pastfeaed 25 w oy Suppang 1

SSsvrveeyp

S Wy rouor
VJ

ottty coi iz

€ PUS ¥ 505 38 3o 1230y
WOIf Urels  ALQY  §v Uoutiosy Jowndng r #p

s960550d 15 y0303
Y.V.0,0 0.0 00
o o o v o o 55 ¢
e
W abussod gz
LB RIL

N@v vaffﬂqf € witt

& a ot
.&E&i&i.
$$S 6 ¢

S o

corppy FH TR semg & wnmmmmma»w .
: | O v i

sobossod £9 juye] 5661

i

e oo

ot
SNSIYZ W E54x O —e e PR

Steist vt V-V~
TWRwwWwTwWw 65 (I

o9 s_t
oSt TS W, £5X 82 WS W WS £5 /] b
9¢ccrrry Vieesspp Y _
S S X 52 R d e g e )
h — ¢

€S2 SNSBY2 4y 26 1Y £Z-62



of AB-IV Coxsackie A7 Group of Viruses 119

2X1952¢2
1414
18X
[conoponoaa 17 25
1535 127
. EXIIL)
22X 26 38 49 6563
g 9 97

\mx
E@Zﬁ BT

66 77101010 SI55355555355
13X

ooogooo

4555555
17passoges 14 4

13 15 24 32
O 1 HMes
o 2
O: 4o~
04 Mo
o:2°;

[Fig 2 Duageam of solation of “ MK strain 1n cotton rats (Minonova, L L., 1958)
1 Adult cotton rats, 2 Suckling cotton 1ats, 3 Adult white mice, 4 Suckling
white mice, 3 Rhesusmonkeys, 6 Anmals pasalysed, 7 Died without symptoms,
8 Remamed well, 9 Museles passaged
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Fig 3 Diagram of “MK" strain 1solation from faeces of tno polomyelis

patients 1o suckling white muce (MrroNOva, LL,1958)
Adult white

1 Adult cotton rats, 2 Suckling cotton rats, 3

white muce, 5 Suckling whute rats, 6 Guinca pigs, 7 Rabbus, 8 Animals para

lysed, 9 Died without symptoms, 1o Torso passapes

mice, 4 Suckling
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Toble 1T Diageam of ssolation and Passages Of strain * Stool 6617"
(After Hasrr, K, and Loows L, 1957)
Stool 6617

1932 954 1956

SM4 MKTC

Covsackie Ay

SM+- M rhesus 79287

Covsackie Ay No disease, bue
typical polio lessons

\g “non polio  areas

M rhesus y9901

fever plus

? weak arm

Typical polio

festons

white muce, with 3 additional passages (Fig 3, center) were negative
The AB IV stramn was readily ssolated 1n monkey, 1ts chincal and
hustological picture being completely indistingwshable from classieal
poliomyelitss  Adaptation was quite successful 1n three spectes of
anumals, but from the very beginning suchling cotton rats were most
susceptible

We had greatest difficulties n the interpretation of the results
with the GZ IV strain The clinical pictute in the first passage monhey
was unltke pohiomyelitis, perhaps because of moculation trauma
the brain  Suckhling and adult white mice and adult cotton rats mn-
oculated with material from patsents did not develop tllness, esther
on mtial moculation or on blind passages For some time persistent
atrempts to adapt the GZ stram to rodents were vasuccessful Its
membesshup 10 this virus group was established only on the basis
of immunyty to AB-IV and MK IV strams 10 adult cotton rats
immunuzed with CNS suspensions frommonkey M goy (GZ~IV strain),
and on the basts of neutralization of AB IV and MK-IV strains with
antt GZ IV sera Only after 3 passages in monkeys could a stable
passage ltne 10 suckling cotton rats be established



Left app, Paralygs,
2teophyeg
%6 1v Crtosig g

Left fep Paralyq
2tophyc,
37 IV Crrog g

38 Pifalyseq o1, Inocyl,
'ysed ftee 0Tt

inenes with puucnpzuon of Rave, N

N

5
3
g
i
-4
3
=5
Sn
5'-1
£
5

both <Ytoss hag €350 Proges Values (o 4y 99%0)
Ic. 1teacereh gy (ontal fopey ip mmpemoneally
IT. ttathalammcyyy, IM < ey, usculagly,
IS Ly aspinalty IN- nasally

Mulnplc Mtemprg 4, 1ofect adufy Uce wyp the thyrg Strain
212, 0 gave

S0 g2

Negatrye esults v ape Obtainey When ¢he AB.y Vsteary 3¢ diffaran,

Passage levels Was given toay Tabbyes, 16 Buiney bugs, 2 Young White

fats, 5o adule Steppe Todents, one Puppy. One for cub ONEscy.

Mumn—:sn (1957 fadled ¢ Produce disease n Joung aduly Mice ang
mSlﬂ‘S



126 VorosuiLova/Cuusakov Polomyelitss like Propertiey

animals were held under observation for 1 to 3 months, but no signs

of disease were noted.

Table IV Data on monkeys, inoculated with AB IV strain
(direct monkey hinc)

el S
Mosker Muertat | Bomge | 0 | Routeand g\}; §§ Clment prerure
antopsy 2g)as
1255 | 20% fecal 1 |23-27]IP10x3| 4 | 6 ) Rightleg paralysis
LASTIk | suspension X tonsils left leg paresss
from o5X3 1 N Cytosis 212
patients 5 XI 4 XI Cytosis 193
AandB 1952 | IN3 X5 Lymphoe g2%,
leucoe §9, *¥*¥*
1523 | AB-M 2 [28X| ICrs | 3 | 3 | Both arms paraly-
EDER | thesus 1255 ¢ XI sed,
30% brain 1953 9 X1 Cytosts 315
suspenston
1325 | AB-125y 2 [8X| ICos |5 |3 | Parescsofleg
19 cord 1953 muscles atrophes,
suspenston contractures,
7 12 XI Cytosis 116
1508 | AB 1255 2 |28%x]| ICos | 6| 3 | Paralysisof left
19, cord 1953 kg},“;;:;tsu of
3t gl
suspension atrophics, conttac
tures
12 XI Cyrosis 101
1507 | AB 125§ 2 |8X] ICos [6[2 :;erﬁ pl;i fzmls,
o
1% cord 199 12 XI Cytosis 219
suspension
- § { Paralysis of night
1545 AB-1255 3 po-~2o) IC20 | 4
FULDA | 20% cord X1 l:ss» patesis of Jeft
suspension 199 20 XI Cytosis 218
1563 | AB-1545 4 |8-zy] ICxo [ 4| 4 lI:m!yus of both
% cord o IV Crrosuase
suspenston 1954
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The MK 1V stramn (at 7, 10, 12, 13 and 23 passage levels) was
negative 1n 16 rabbuts, 16 guinea pigs, 3 suckling guinea pigs, 25 adult
2nd 44 suckling white rats and 36 adult Z ligarns (MiroNOVA, 1954
1958} PovarisniNA AnD Mironova (1958), also found an adule
L ligerns to be ressstant

Stx rabbits, 6 guinea pigs, zo white rats were moculated with
GZ 1V strain with neganve results, as were chick embryos when
inoculated with the AB IV and MK IV stramns

Pathogensesty for Monkeys
AB IV Stram

Lxperiments with the virus 1n “direct monkey fine” Stnce 1952 the
AB IV strain has been catried through 4 serial passages 1n monkeys
The firse monkey moculated with fecal specimens from patients re
presented an expenmental hybrid of Macacus mnlattns and Macacus
nemestrinns Other anumals were thesus monkeys from 2 to 9 years of
age Two of the experimental animals had been previously snfected
with type 1 aad 3 sttawns poliovirus and survived paralytic disease
produced by these strains Monkeys were moculated as shown 1n
Table IV

In the direct monkey passage line, ten of eleven antmals developed
disease with paralysis (see Table IV for detals) This indicates 2 hugh
paralytogeruc activity of the virus i the CN$ of monhkeys One
monkey 1n this sezses (Rhesus No 55), moculated with M thesus 1545
spinal cord hept 1 50% glycerol for 3 years had no clmnica) stgns of
disease, but ats spmal cord and medulla had rypical pohomyelis
lestons Consequently, m monhey to monkey passages with AB IV
stramn all animals became 1nfected

Monkeys which had paralyses 1ll as a result of type 1 and 3
infeetipns had new paralyses 1n 2 different sute aftee AB strain inocula
tion Monkey No 1317 which had survived expentmental polio-
myelttss after type 1 KRF stran tnoculation, with atrophic flacad
patalysis of both Jegs and nght arm, developed paralysts of the
left arm after tnoculation with AB IV stratn Monkey No 1302,
which as 2 result of expenimental poliomyehus produced by type 3
Leon virus had had atrophies of the left arm and nght leg, developed
paralysis of the left leg after mnoculation with AB 1V stramn

Examinatton of the cerebrospirtal flutd from ten clinrcally manifest
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Table VI (cont )

Do Y.
naca LIRS
Meskes st | P | bren | Rowerot 522 et pevee
rutopty HiE
1371 | AB-tzss  |Monifax-22| Tonsib | 3 | = | Paresis of left arm
Mcyno-| 10% SCR(SWM{ 25 [1ar3 and right feg
molgus | bean 3 | 25 1X Cytoss 411
suspension | ACR1] 1954 28 IX Cytosis 348
SCR z X Cytosss 96
L
2 | ABiszs  [Monalns 16] Tonsds | 5 | ~ | Pacesss of both
Mecyno- | 10% SCR | SCR | VII [ rox2 legs back muscle
molgus | bramn 57 | 1938 paralysts, nght
suspension side facal palsy
hypoglossal nerve
paresss, forced ho-
tizontal movement
of eye balls
Weak night arm
16 VII Cytosts
326
7 {ABisz, [Monal 11 | Tonsds | 5 Right leg patesis
Acyno | 1% SCR | SCR | VII | rox2 16 VII Cytosis
molgus | bram 57 | 1958 | coru 271
suspension sone
acctate
200 mg

*Mon 1 $%M 3 ACR1 SCR 16  The strain had onc passage 1 monkeys
3 passages n suckling white mice 1 passage n adult cotton rats and 16 passages
10 suckling cotton rats

(tn 5 of 23 sick monheys), of three extremuttes (5/23), of two extre-

muttes (6/23), or of one extremuty (7/23) In addition in four monheys

there was involvement of back museles, 1n 2 of neck muscles, 1n §

of facial muscles and two bad respiratory distress
4

Insof6 larl 1 Keys, paralysts develop
1n the rght leg 1010 which the virus was untroduced, or i both legs
‘The sixth monhey, No 21, developed disease durtng and

was very severely ill with tetrapateses, back and neck musculature
paralysis and lefi facsal palsy
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Table VIIJ Compatison of parslysis dsteibution 1n monkegs infected
with AB IV steam and Russaa strains of type 3 poliovirus

~
l ABY Type I polar cus
lasctvement
EAREE
Paralyus or paresse
-2 CXtremites. 22/34 193 68/a8 [
3-4 exteemuties 1034 29 19/98 20
Vety severe with prostration and death 1/34 3 /o8 5
Non paralytic pohomyelitis /34 3 /08 3
Iniohicment of
Back muscles o34 | 18 | 28 |
Neck muscles /34 6 22/58 22
Factal palsy 634 | 18 [ ras | 1a

oculation at a dose of z00 mg to nine monkeys On the contrary,
under stmlar conditions of moculation cynomolgus monkeys No 15
and No 7 recerving corusone acetate had much mider disease than
cynomolgus monkeys No 18 and No 2 which were not imected
with corusone

According to our data, the seventy of the paralytic disease
was less 1n monbeys mnfected with the ABIV stram compared
1o expetimental poliomyelitis caused by type 1 and type 3 viruses
Compartson of the distribution of paralysts 1n monheys infected
with the ABIV stran and Russizn strains of type 1 poliovitus
(VorosiiLova rgs6) showed (Table VIII) thar whule mvolsement
of one or two extremittes was observed with almost equal frequency
11 both groups, three and four etremities wefe more often paralised
1n monkeys infected with AB-IV strain, but neck muscle paralysis in
the latter group was relatively raze In both groups there were eases
of facial palsy, and non paralyuc cases duagnosed on the basis of
changes tn cerebrospinal flurd and CNS lesions Ten out of 13 con
valescent monkeys had muscle atrophues of extremuties, three had
contractures In one monhey (No 1488) which became il 1 1953
four yeats later the night leg was found 3 em shorter than the left one,
and significany muscle atrophy was present JONESCU MINAIESTI T AL
(1957) observed relattvely mild pasalysis in thesus mosheys, but ven



136 VorosniLova/Ciuuaxoy  Pollomyelus like Propect es

109, suckling cotton rat bran suspenston from the 24th passage of
AB stran which we brought to them 1n s0% glyceral One thesus
monkey (73542) lated 1nt brally had slight temp tse
at 3~7 days and moderate general tremors on the qth day Tremor
persisted for a week At 28 days a blood sample was taken, and the
monkey recetved 5 ml of 209, suckling white muce bran suspenston
from the 2nd passage At 35 days another blood sample was taken,
and the monkey was sacnficed for histologieal examination The
sccond monkey (72929) recerved 1 o ml of stock varus intramusculasly
1010 the nght leg It had fever on the 3rd and tremor on the 4th day
On the sth day 1t had weakness of both legs, but no progress was
seen on the following day and the monkey was sacuficed Suckling
white muce stocutated with lumbar cord suspension from thus monkey
developed paralyuc disease Five rhesus monkeys inoculated intra
muscularly with the same emulston had no chinical signs No attempts
were done to carry out mntracerebral monkey passages of the virus
Histol of both monkeys showed typtcal polio
myelitts lesrons, one monhey had lestons only 1n the spinal cosd
HorsTaNN anp MANUELIDIS (1958) studied 1n detail the AB IV
stran 1o monkeys The 24th passage of suckhing cotton at bran
caused “poltomyelitss ike” discase in about half of monkeys
oculated 1ntracercbrally (o 3 m} in each thalamus), intramuscularly
(z~3 ml) or 1neraspraally (o 1 ml) Nine senial passages were done with
bined ] of monheys 1t brall; 1y, intea
1y and sub 1y Inaddittonth key srecerved 3 datly
1ngections of 300 mg of cortisone Monkey cord suspenston from the
fiest 6 passages was postrve for suckkng mice In each of the first
five passages only one of two injected monkeys was fl, m the 6th
passage 3 out of 4, in the 7th 4/4, 1n the 8th 3/6 20d 1n the mnth 13
No significant increase 1 seventy of discase or shorteniag of mcubz
pertod was observed Three out of 4 monkeys ia the 7th passage
{oped most sevese p but 1a the 8th passage the disease
was much mtdder The course of ilfaess m monkeys was stular o
thar seen 1n muld poliomyelius However recovery from paralysis was
mose raptd than seen 1n poliovirus infections one monkey of the 7th
passage had prostration with quadriplegia, but 48 hours later the
monkey could move all four extremties and complete recovery s00n

tion

followed
1t should be noted that we did not observe a disease enhaacing

effect of cortisane acetate swhich we inyected at the tme of virus 18
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Table IX Vipus distnibution i monkeys pasalysed by the AB-IV stram
and by the type 2 pobovirus stram Neva

§ am AsIVinn T,
‘ e,
ras
M -thevus M <cyoomolgus
Monker No (M beyus|
w [ w ] o] e ] e P
Moo | Mo s
Pussge Mons | Mons [ o g f5rms [ avms | Moo s e,
e s | vern
c | Tossis [ 1w
Ronte and dowe o A A B B B e B
Sp nal cotd * - >
cervical 37 (35 40| 42|45 + | + | 43
thoracie 37 30 42 35 40 + + 43
lumbar 3z i 43 | 40 | 44 | 50 + + 43
medulla 20| 10| 22 | 32| 20 + + | 48
pons + [+ F ]+ e
nudbrara s+ ]+ +3++ ]+
subcortex + + + + + — + -
motor cortex + + + 20 + + + 28
frontal o O I ) O B
parsetal + I EERENEREN
temporal R E R
ocesputal ° ° x| — | o £ | = | 43
cerebellum |l x| o] £]6e] ]~
spinal ganglia o o o * o o Ed o
heart ° ° o o ° ° ° °
Tuags ol oo e |o]efe}e
Irvee o o ° — ° o ° o
spleen oo | oo o foteijece
Jadney ° ° ° @ ° ° ° +
#drenals ° ° o o + ° o +
tongue: ° ° ° o o ° ° °
tons Is o ° ° o + o o ©
snguinal [ymph
node o lo|o|oe]lofe]|o]e
mesenter ¢ lymph
node o o ° + o ° o o
stomach wall o lo]| oo ]ojoel]oe]—
Jarge wtestiae
wall o] —Jo]le]ojotele

Vioogy Vel &
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severe, fatal panalync disease 1n cynomolgus monkeys, with typica
poliomyelitss lestons 1n their spinal cord

Dstribution of the Virus n the Body of Monksys Paralysed as a Resilt of
Inoculation with AB IV Stram

The virus titer 1n the spinal cord of the first passage monkey,
M rhesus No 1255, was log ID,, 3 5 1n cotton rat ttraion More
detatled studies of virus distribution 1n the brain and cotd, viscera
and nerves were made tn thesus monkeys No 1253 (2nd passage),
No 1545 (31d passage), No 1563 (4th passage), No 1102, No 21,and
cynomolgus monheys No 16 and No z oculated by different routes
and at different passage levels of the AB IV strain (Tables IV, V, V)

The virus titer 1n the spinal cord ranged from log ID,,3 0 to s 0
It was approximately the same 1n cervical, thoractc and lumbar cord
independently of paralysss localization In the medulla the average was
1--2 2, but the hughest level (3 2) occured 1n shesus No 1102 which died
with paralysss, aphony and resp y fatlure This monkey
also yielded the highest uter (2 o) for motor cortex (Table IX)

When adult cotton rats were inoculated with 10% suspenston of
tissue from pons, mud brain and motor cortex more than half of the
amumals were pasalysed, while on 1 with 16% susp of
subcortes, frontal, partetal and temporal cortex and of cerebellum
only individual animals developed paralysis

Virus was not found 1n spinal cord ganglia 10 5 out of 7 cases
In one case (thesus No 21) the vitus was found ta tonsus and adrenals,
1n another (thesus No 1102) 1 mesentenic lymph sode

Virus was never found in the viscera, intestinal wall and contents
(apart from of large ), muscles, nerves, blood,
nasapharynx, stool aad urine

These data indicate a marked neurotroptsm of AB IV stran
quite comparable to that of polioviruses, but with a shghtly more
diffuse virus distiibution 1a the cerebral cortex

Pathobsstologse Lesionssn the Central Nervous Systemof AMonkeys Inoculatedn st
AB IV Stramn

AND

On hustols 1 RosmsoN, Vi
Mirovova (1954) and later Rominson, Frolova, SAviNOv AND
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nucler, reticular substance, nucler of facial and hypoglossal nerves),
and also tn1 goof nuclet
Iestons were by focal celt 1n the
form of neuronophagic nodules, diffuse mnfiltrates with inflammatory elements,
and also petivascular infiltrates Dependent upon the disease duration was the
type of anfiltrates leucocytic 1 the carly phase, 1t became polyblastic mcroglial,
and 1n later phases 1t was markedly astrocytic Examination of CNS obtaired
from a large number of monkeys inoculated with suckling cotcon rat bran
confirmed the original findings obscrved 1n the central nervous system of some
monkeys woculated 1 the dicect monkey passage setics We refer to certam
peculiarsties of the localization of lesions, s a rule not typical for experimental
poliomyelitis In the sptnal cord there was some extension of the pathologic
process to posterioz hotns In the stem, lestons in some cases weee more diffase
and extended to the pontil¢ nucle: proper In the mudbratn, not only were lesions
scen 1n the substantiz nigra, but small changes weze 4150 obsceved 1 red nucler
which ase usually intact m poliomyclitis Non typtcal pathology was also found
1 the brain hemispheres where marked lesions were observed, not only in globus
pallidus, s hich ts wrvolved 1n sn monkeys,
but also t putamen and moze rarely 1o nucleus candatus which 2s a rule gre not
affected 10 poliomyelitis
In the cerebral cortex, 1n addition to the lestons i the motor
area which were regularly 2nd sigmficantly affected, there were lesions
of neurons, formation of small loosely scattered neuronophagic
nodules and pentvascular infiltsates in the frontal, passetal, medullar
and less regularly in the temporal cortex There was rather matked
tncreased permeability of vascular walls and tnflammatory changes in
the pra mater No lesions were found in the viscera, muscles and
brown fat
HoRSTMANN AND MANUELIDIS (1958) carried out 2 detared serzal
hustologie examunation of the CNS of 13 monkeys moculated with the
AB-1Vstramn Th Iso found that, pol. litss, theareas
ofthe CNS most 1nvolved were the spmzl coxd mcdulla cerebellar nuc-
les, pons, motor cottes, thal; !
lestons in these areas In addimon, 1 most monkeys there were zlso
lestons in the putamen, globus pallidus, caudate nucleus, and the cere
bral cortes, including paretal and occpial lobes In some the -
volvement of the motor cortex was more marked than that in the
medulla The lestons in the thoracic region of the spinal cord were
Tess pronounced than tn the cervical and lumbar areas In fhe cerebeliar
cortex occastonal lesions were present mn the vermus and very rarely
1 the ccrcbcllar henuspheres Slight lestons which consisted only of
1 with 1 glial nodules wete found 1n the
fromal pacietal, tempon! and ocaipttal lobes of the cortex
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SHEFYEL (1958) found most marked Jesions n the spinal cord and
medulla 1n all cases There was signuficant disappesrance of antertor
horn nerve cells 1n the gray matter of the cord, and 1n the medulla
disappearance of netve cells in typieal poliomy elttss areas (in Deiters®

Table IX (cont )

Suxa 7 AB-IV gonr fmﬂ
“Newa
tn
Mochesu M cynomolgus
Monkes No .
| s l by [ me: [ wo ' s [Ny
Hon 1 [ Bon ¢
Pusuge Mon x| Mon 5 | Mon g [ "3 | frm3 “';';7' MKTC 5
wtiy | weas
Route and dose '“i IR R I B I~
small intestine
° o ° o ° — | -] =
large sntestine
contents ° o ° ° ° J I
small intestine
contents ° ° ] ° 0 + + | -
utinary bfadder ° o G} o o o ° -
diaphragm ° o o o o ° o °
biceps muscle o o a ° o o o o
triceps muscle ° o o ° © ° o o
quadniceps muscle o o ° o o o o o
calf muscle 3 o o o ) ° o [
sciatic nerve ° ° o ° ° ° o -
blood o ° — o ° 0 ° °
nasopharyngeal
swab — — © ° ° o —
stoal o o ° o ° ° o +
arite e o ° °

* Log ACRPDso = 57
% Tytration of CNS tissues from cynomolgus monkeys No 0 and No 2 was

not done e
+ On woculation with 10% suspension most of the animals were paralysc
% On i with 10% susp only individual animals were paralysed

o All 2umals remawed normal
— Not tested
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Table A4 Data on monkeys moculated with GZ-IV strain
(After Izstis F G and Znevanbrova, V 1)

Ducrof iR
Mosker Mt [ Fymee [ on [ Rovernd [42[EET matpenne
ot 1 §g
auapy EglAE
T t89 | Stools from 1 (18 z4] IC1e Convul [ Tontc convulsions
patients IX |1Pso | sonsx | nystagmus general
GandZ 1952 | IN30 | hour af | prostation, con
terin vulstons Died
ocula
ton
2z
X
convul
sions
Moos | GZT189 | 2 [9-15|IC1z | 6 | - | Languor, nystag
10, spinal v |IPse mus sight stde f2
cord 1953 | IN4a cual palsy, paresis
saspension of lefeleg attacks
of tonic convul
sions Dicd during
such an attack
Cytos s 1600
5109 | GZMoos | 3 |ms-1s|1C1z | 11| = | Restless tremors
10 spinal 1 Paralysis of left
cord il leg paresis of
suspension 1954 pight leg and tight
arm Cytoss 291
Gog* [GZS109 | 4 116X [ITosxz| 4 | - | Weaklegsand
10% cord 1056 | 1505 nght arm
suspension NMso Cytos s 357
Neutroph 40°,
lymphocytes §8%,
monocytes 1%
macrophages 1%
Btz * | GZegoy s | st |ITosxa Parcsis of It leg
10°% cord VIl | ISos and arm, Jeft side
suspension 6 facual palsy
Vit
L 1957

* Expertments done by Gottoeva N N
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The types of hustologtc lesions included changes of neurans
manifested by different degrees of chromatolysts, perwvaseulac and
diffuse mnfiltrates and glial nodules In the spimal cotd nevronal lesions
were asymmetrical and confined to the anterior horns, although pert-

Table X Companson of distesbution and range of CNS lestons tn monkeys
snfected with Russian AB 1V strain of visus (Coxsackie A7), and poliomyelitis
virus (from Horstvan, D M, and Manuzinss, E E, 1958)

Russian AB-1V Strain of ¥ rus Poliomycli 3
Aaumals w th lesions.
Range of lesions Raoge of kesions
No, o
Cord
Cervical s | 100 | fd — bt
Thoracic aftr 1o |+ — +++ |+t~ A4
Lumbar 13f13 | 100 | +4 — +4+++
Medulla 121z | 100 | 44+ — ++4+
Cerebral cortex
Frontal nf13 8| o — 4+ +
Motor 131y | 100 |+ — F++ + -t
Temporal ot | 6 0 — 4+ o
Pazctal ofo 100 o — + °
Occipital 9/13 [ o — + o
Caudate nuclens 613 | 46 o — ++ °
Patamen 13/13 100 + — ++ o
Globus pallidus of13 ] o — ++ + — 4+
Thalamus 1313 | 100 | +4 — +++ + =+
Lateral geniculate
body 2o | 20| +— ++ o
Pons i3 | w00 | ++ — +++ +
Cerchellum
Hemsphere 5/13 (’,; o — :+
Vermis 13 o —
Roof nucler 13/:, wo | o — +++ 4= i+
Dentatenuclens | 33f13 we |4+ — +F+ £ — 4+
* ndse number with leston: numbercxamined
 Symbols o Nol 4 muemal lesion of}:_ﬂ_‘_ Alianon

I changes,
++ moderate mfiltration and munimal nevronal
infiltration and modesate newconal changes, and +++4+ severe infiltration

and neuropal damage
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cells 1n the spinal cord, medulla and dentate nucleus, loosely formed
ghial nodules with cell pycnosts and astrocyte prolifesation

Table X compares the hustological lestons 1 monkeys infected
with AB IV strain and poliomyelitis vitus HORSTMANN AND MANUE
L1p1s came to the concluston that besides the marked Jestons 1 areas
typical for poliomyelitis, there were small inflammatory changes
frontal, temporal, patietal and ocetpital lobes of the cortex 1 69-100%
of amimals The nucleus caudatus was affected in 6 out of 13 monkeys,
putamen 1 2ll cases In z of 10 monkeys mflammatory lesions were
found 1n the lateral g late body E 1 of the
motor cortex and dentate nucleus of the cerebellum was noted Asa
whole, the process was relatively milder, with less pronounced
phagocytosts, than 15 usually seen 1n poliomyelitis

Monkey Pathogensesty of the GZ-IV Stram

GZ-IV strain had a total of 5 monkey passages The death of
the first monkey No T 189 was at first considered nonspecific because
1 hour after 1 1t already had ¢ it which were then
observed during the next 4 days Despite that, its brain was put into
glycerol and after 75 months’ storage, the virus was successfully
passed (see Table XI for detatls) The 3rd passage monkey, C-tog,
became 11l after a longer meubation period and the disease was qutte
indistinguishable  from  typscal expenimental poliomyeliis, both
clinically and histologscally

Monkey Pathogensesty of the MK IV Stram

Three monkeys were mnoculated with MK IV stran (MiroNova,
1954), as described 1n Table XII Three days after mnoculation all the
monkeys became restless, the fur was ruffled, there was marked general
tremor, then paralysis and convulsions developed Suff nuchal
muscles and Kerntg’s sign were observed Two monheys died during
an attack of convulsions the third one was sacrificed in the state of
Pprostravon soth facod paralysts of legs and right side facial palsy In
all three eases the spinal cord was very severely involved, with marked
disappearance of nerve cells and dense tissue wnfiltrates with poly
morphonuclear leucoeytes There was pronounced meningitis of
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Table XII Darta on monkeys inoculated with MA 1V strain
(After Mirowova, 1954)

g 513E
Momker Musera) | Prosee I:E‘;: Rveoad [2B1ES] e
E3|Es
suropsy <ilad
Bor | Mhstram | 17 |i3-28[1Cts | 5 | - | Restless ruffied
10% SCR 1 Proo fue, tremor of ex
brain 1953 [ IN20 tremitics then pa
suspension ralysis of leg mus
cles Right side f2
eul palsy Artacks
of convulsions
27 I Cytoss 53/3
121z | MRstrain [ACR2| 24 [ICto | 3 | - | General tremor
1% SCR ] SCR| 1T | M40 fascscular muscle
bran 18 | 1953 twitching  Paress
suspension of right arm back
and neck muscles
Attacks of convul
sions
Ao6 | MKstrun [ACRzlz1-24|IC1y 3 | = | Pendulum move
20°% SCR | SCR| 1 IP1oe ment of eye balls
muscle 17 [ 1953 [ INzo Tremoss Peiodie
suspenston attacs of convul
sions Nystagmus
Left side facial
palsy
Prostration

vascular infiltrates and glial nodules were also seen in the postenior
homs The majority of the affected neurons n the spinal cord and
other parts of the CNS became dissolved Neuronophagic nodules
typical for poltomyeltss were also observed Acdophilic necrosis
was found n nerve cells in the spimal cord, cerebellar nucler and motor
cortex
Perivascular infiltrates consisted manly of lymphocytes Some-
times i the spinal cord, pons, cerebellar nuclet and motor cortex,
diffuse of p pho nuclear leucocy tes

Exarmmation of the centra.l nervous system of monkeys sactificed
3 months after onset of severe illness showed disappearance of nerve




of AB IV Coxsackic A7 Group of Viruses 147

kindly sent to us from Prague by DRs ZACEK AND VANICKOVA, and
two more monkeys,Nos 53 and 6o, were snoculated with the WP strain
kindly sent by DR JomnssoN from Stockholm All 3 became 1ll
(see Table XII1), and histological examnation done by Rosmsow Er
AL showed typical poltomyeliuss Jesions

Paty for Monkeys of Coxsackse Az Viras Strams “Stool 6509” and
“Stool 66177

HapeL anp Loowss (r957) woculated monkeys ditectly with
stoals from two nonparalytic poliomyelitis patients and with virus
from suckling mice of the rst passage Four out of 5 monke;s devel-
oped disease Table XIV compares poliomyelitis histologic lestons
with lesions 1n monkeys inoculated with AB-IV virus and Covsackie
A7 strains It 15 seen that 1n a number of monkeys hustological lesions
were strular 1n localzation to those of poliomyelitts, while 1n other
monkeys 1n addition there were lesionis of atypical localization

Pathogemcsty for Adult Cotton Rats

The very first passages of the AB IV and MK-IV strains establt
shed therr pathogenscity for adult cotton rats One of the lines of
MR-IV strain was isolated on direct tnoculation of adult cotton rats
with faeces from paralyzed chuldren In subsequent passages cotton
rats regularly developed disease with paralysis after intracerebral
1noculation The AB IV strain was carried through 11 senal adule
cotton rat brain passages The virus titer 1n bramn of paralysed cotton
ats in titration experiments i adult cotton rats ranged from 104
to 107

After 4-6 days of tncubation adult cotton rats develop paralysis
(Table XV), mote frequently of hind legs, indisunguishable from
that produced by type 2 poliomyelitts viruses (ARMSTRONG, 1939)
Paralysis of one hind leg was observed 1n 20% of amumals, of both
hind Jegs in 30%, one fore leg 1n 23°,, both fore legs 10 6% Pazalysis
of three extremuties was seen 10 6°,, of all fourin 152, Together with
some patests of leg muscles there was bach muscle 1nvolvement 1n
23% Eaght per cent of paalysed cotton rats sursived and they had
testdual paralysis with muscle atrophies Adult cotton rats develop
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monocytic leucocytic character Besides lestons 1n the motor cortex
there were small inflammatory foc 1n the frontal, partetal and temporal
lobes, and also, besides very marked lesions 1n dorsal parts of the stem,
there were occastonal small foct 1n the lower oliva and basal pontile
nuclet

Thus tn several monkeys wnfected with GZ-IV stramn and 1n all
3 monkeys wnfected with MK-IV strain there were marked lesions 1
menunges, which was not typical for monkeys infected with AB IV
stramn

Pathogensesty for Monkeys of the Prototype WP Stram of Cosxcsackee Ay Viras

We obsetved disease 1n 3 monkeys 1noculated wath the prototype
WP strain The first monkey was moculated with carcass emulsion

Table XTI Data on monkeys moculated with the prototype WP strain
Coxsackic A7 virus

Daenof PR RS
o I Ll R el ] ) e
e HAH
28 | A7 WP t I |ITosxz| 3 | 2 | Decreaseof muscle
strain 1957 [ ISo§ power weakness
20% Mi1o of left leg
carcass Cytosts 326
suspension
53 | A710% 19-23 |ITosx2] 5 | 2 | High knce jerks
suspenstoft VII [ISoy Extenston of re
of carcass | IMio fexogenic zone
v Slight weakness of
legs Cytosie 48
6o A710% 19-23 [ITosxz| 4 | 2 | Decrease of power
suspension VIl | 1Sos and tone of both
of carcass 25 | IM1o legs, more of left
viI No seflexes Then
paralysis of left
leg paresis of
right leg and back
muscles
J Cytosis 403
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cord and brain (RopiNsoN T AL, 1958) In the spinal cord there
wete severe necrotic lestons of antertor horn motor cells, and therr
complete, disapp e In place of dead
cells there were accumulayons of large numbers of polymorpho-
nuclear leucocytes, polyblasts, histiord and macrophagic elements
with ad; of hal cells In P nodules, a
proliferation of astrocytes could be found Lesions were Jocalized
marnly 1n the anterior horns, but often also 1n the posterior horns of
the gray substance of the spinal cotd
In the medulla, pons, and mudbraen, significant lesions were found
1n eranual nerve nucles retrcular substance, tn nucles of mner forma
tion and dentate nuclens of cerebellum, and 1 red nucleus In the
hemuspheres the lestons were dufuse Degenerative changes of nerve
cells 1n combination with mesenchymal teaction of vessel walls were
found in the frontal, parsetal, temporal cortex Ammon’s horn, thala
mus and subcortical nodules The hustologteal picture a cotton rats 1
oculated with the AB IV stratn was sumular to that of experimental
poliomyelitis observed 1n these animals after snoculation with Lansing
strain (L1LLY AND ARMSTRONG, 1940) but the lesions were more
diffuse There were no lestons 1n muscles and viscera Mironova
(194) found analogous lestons tn adult cotton rats 1oculated with
MEK-IV strain JonnssoN AND LUNDMARK (1957) confirmed the sbove
Iustopathologreal findings of the AB IV strain in cotton rats

Pathogenserty for Suckhng Cotton Rats

In the very fisst passages of AB IV struin 1t became evident that
of all rodents suckling cotton rats were most suscepuble to st They
developed disease 4-5 days after intracerebral inoculation The anumals
became langurd, with ruffled fur, weahness of one or several extre-
mities developed, soon followed by pareses or paralyses Frequently
one of the first symptoms was back muscle weahness—the suchling
could hardly tura aver when on 1ts bach Duration of the disease did
not usually exceed 8-1z hours In the termmal stage there was
respiratory disteess The fatality rate of sick aimals was 1009,
Suckling cotton rats developed disease after intracerebral, subcut
aneous, 1 p 1 and | 1 of
virus contaiung maternal Table AV presents comparative data on
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disease as a result of intracerebral, intrasptnal, mtramuscular and sub
< moculation  Peripheral mnoculation produces disease 1n
cotton rats with less regulanty

Within 7 to ¢ days after moculation of adult cotton rats, the
MK IV stran (MiroNOVA, 1954) 1nutially produced paralysis 1n about
65-70% of anumals, mote frequently of kund legs, always with fatal
outcome Thus, 13 sertal hram passages were done 1n j-wech old
cotton rats In later passages motbidity and fatality was 100%, and
mcubation period shortened up to 6-7 days On moculation of adult
cotton rats the MK-IV strain had an mntracetebral titer of log 50,
intrap lly log 3 8, larly log 4 o, sut ly log
3 0, intranasally log 206 The GZ IV stran also regularly produces
disease in adult cotton zats The prototype Covsackte A7 stzain was
also found pathogenic for adult cotton rats and produced paralysis of
extremites 4 to 7 days after mnoculatton (VorosHILOVA, GOLUBEVA,
1957) Eight sernal bram passages of this strain were done n adult
cotton rats It should be said, however, that cotton rats paralyzed by
intracerebral myection of the A7 stratn, survive mote often than do
cotton rats inoculated with the AB, MK, and GZ strains

We studied the virus disteibution 1a the body of paralysed adule
cotton rats Blood and utine were collected, and then deeply anesthe-
sized ammals were washed through by circulation of saline The
quantity of virus m the bran (ncluding hemispheres, stem and
cerebellum), cord, and organ suspenstons was determuned by adule
cotton rat titrations

Two adult cotton rats paralyzed after
with the AB stramn had the virus i bramn and cord 1n titer of 10 * t0
10 There was no virus in muscles, heart, lungs, liver, spleen,
Lidneys, blood or unne Four adult cotton rats noculated with 109
suspension of brown fat from one of the paralysed rats were all
paralysed 6-9 days after noculatton despate the fact that other para
lyzed rats showed no lesions in their brown fat Rats noculated with
10™ and 10* dilution of brown fat suspenston failed to become 1li
In the body of 2n adult cotton 1at paralysed as a result of the proto-
type A7 strain, the virus was found 1n brain and cozd tn 10 * dilution,
1n muscles 10 Blood, urine, viscera and brown fat contained no

bral 1

vitus
Histological evamtnation of the central nervous system of

paralyzed adult cotton rats inoculated with AB 1V strain showed nall
cases extenstve diffuse nflammatorv degenerative changes 1n the spiaal
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of the spinal cord In contrast to what was found 1n adult cotton rats,
neuronophagta was very rarely seen Lesions were also found 1 the
brawn stem and hemispheres While 1n no case 1n monkeys and adult
cotton rats were lesions 10 skeletal muscles found, suckling cotton
rats almost always had diffuse focal lestons consisting of muscle
swelling, disappearance of striations, globoid and granular destruction
of 1ndividual muscle fibers

In areas of muscle destruction between fibers and 1 place
of destroyed fibers there could be seen diffuse infiltrations with
polyblasts and lymphotd cell elements After Goldman staming
polymorphonuclear leucocytes could be seen among them In some
cases such parenchymatous tatersttial myositts nvolved almost all
the muscles No specific lesions were found m the viscera and
brown fat

ETINGOFF GERSHANOVITGH anp Gortseva (1937) made biochernresl
investigation of brain homogenates of suckling cotton rats inoculated with
AB-1V stran They studied anaesob c and aerobic glycolysts oxygen utilzation
succtadehydrase aldolase and adenosintriphosphatase acuvity st the height of
diseasc they observed a 20-30% decrease of aldolase and ATP activity when
compared to control anumals inoculated with normal bran suspension Inhibitton
of glycolysis was observed also for type 2 polio virus Beside the decrease of
anzerobic and acrobic glycolysts in ammals infected with the AB IV strain they
obscrved a significant 2cuvation of the enzyme system concerned with the trans
formation of succtric scid These findings corsespond fo the results obtained by
RACKER (1942) 1n the study of biochemical changes of bran homogenates from
2nimals nfected with type 2 pol o vieus

Patbogentssty for Suckling White Mice

The AB IV strain was first adapted to suckhng white mice 1n
February 1953, however the clinical picture at that time was not quite
clear, pareses developed only 1a rare ammals and the incubation
period was often as long as 1o-14 days After adaptation to suckling
cotton rats, the AB strain produced paralyss tn suckling white mice
with greater regulanty But whle the virus titer 1n suckling cotton
rat brarn was fog 5 3~ 5 and n adfult cotton rat 4 o—5 5, In the carly
passages 1n suchling white muce 1t never exceeded 2 5 The disease
was stnular to that descrabed by Casits £ AL (1951) for type 2
poliovirus Afier 6 seral passages in suckling white mmuce, virus titers
1n the brain reached 6 o Tour or seven days after inoculatton suchling
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distrbution of paralys:s 1 cotton tats nfected with the AB IV stramn
and Ovch-z polio stramn

Table AV Distbution of paralysss 1 suckling and adalt cotton rats mfected
with AB IV and OVCH [I (poliovirus) steains

Aduks £ottan pes ] ‘Suckling corton s ]
Dt bu onof pasl s
ABTY ovenn ! ABIV ' ovenn

One hind leg 0% 15 9 3
Both hind legs 30 30 55 21
Ore fore leg 23 27 6 2
Both fore legs 6 1 1 8
Theee legs é 9 3 24
Four legs 15 8 26 4

Back 23 23 86 78

* Pes cent 1n cach column was calculated on the bass of observations on
500 patalyzed antmals

MEK-1V a0d GZ-IV strains behaved simulasly as segards patho
genaty for suckling cotton fats MironOVA (1954) observed that
one day old sucklings tnoculated with MK strain may dre 3~6 hours
aftes languor and shight leg muscle weakness have appeared When
titersng the virus n suckling cotton rats, she obsersed simultaneous
development of disesse s amumals moculated with virps ditutons
107, 10 *and 107 With higher dilutions the incubation pertod was
prolonged to 7~9 days

The following distrtbutton of virus was found 1 bodzes of sick
suckling cotton rats inoculated with 18th passage MK-IV

Bram Gy * Spleen 4 1

Cortd 6 8 Intestine wall 4 4
Skeletal muscles 6 0 Blood 3 7

Liver 4 4 Stool 3 5

Lungs 43 Urine 3 3

Histologteal examination (RobmsoN ET AL, 1958) of the central
nervous systetn of suckling cotton rats moculated with the ABIV
strain showed diffuse inflammatory infiltrates of gray matter tissue

+ Prelumunary washing with saliae througn the crrculstion wss aot dond
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effects, though 1t remarned viable 1n tissue culture for a long tme
(Goruseva, N N, 1957)

Successful results were obtained by Haper (1957) who adapted
the AB-IV strain to tissue culture after 7 passages 1n monkey kidney
cell cultures After 33 ussue culture passages the virus tter was to ©
per ml, and the cytopathogenic effect appeated 1n 24 hours In the
z2nd passage, uter 10, the virus produced cytopathogenic effects 1
ussue cultures of Hela cells, human amntotc cells and human
fibroblasts Virus from the 8th TC passage was pathogentc for suck
ling white mice on intracerebral moculation, but the virus from the
27th passage fuled to cause disease m suckling white muce

Virus from the 23rd TC passage 1n Sabin's laboratory failed to
produce paralysts 1n monkeys after traspinal moculation, but did
yield poltomyehus-like histologreal lestons

After two additional passages 1 monkey kidney cell cultures we
moculated the virus * imnto jo suckling white muce, so adult and
6y suckling cotton fats, and 2 monkeys None of the rodents developed
disease during 3 weeks of observation, but the monkeys developed
mild tremors and weak Histolog of the central
nervous system of these monkeys showed lestons indisunguishable
from those observed in muld poliomyelitis (RoBNSON ET AL, 1958)

Thus on long tissue culture propagation the AB IV stramn lost 1ts
capacity to produce disease in small laboratory rodents, but pre-
served its neurotroptsm for the monkey central nervous system thus
spproaching more closely the character of true poliomyelitss viruses

Although there were general difficultes 1n propagation of Cox
sackie A7 vituses 1n ttssue culture 1t should be sad that Svepsye,
Meren AND KJELLEN (1956) 1n collaboration with Jornsson (1956)
studied two strains which were 1solated from stools drectly in tissue
culture A third stram was 1solated by them in suckhing white mice and

adapted to tissue culture

Propertics of AB IV and MK-IV Strains

The ABIV and MK-IV straas 2re readily filtrable through
stertizing asbestos pads, ST1 Seitz filter, and through Berhefeld

* We ate tndebted to Dr K Hagse for hus kindness 1n making thts strain

avadable to us
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A1~m (cxcepr for A7), and Bx~5 vnmses, and also aganst Mengo,
tic 5t Lows en

cephalms, types 1, 2and 3 pohomy:lms viruses In adult or suckhng
white mtee, monkey AB IV antiserum did not neutralize mouse
encephalomyeliis TO, FA, GD VII viruses, Coxsackte Ar-g, except
for A7 In ussue cultures the same serum did not neutralize herpes,
vacetnta, ECHO rypes 1-14 and types 1-3 pohoviruses Complement
fixation tests with AB IV serum gave negatve results agatast types 1
and 2 pobioviruses, Covsackie Ara, type 7 2denavizus, mumps vieus
Also, negattve gesults were obtamned 1n hemagglutinaton mbibition
tests with AB IV serum and type 1 and 2 dengue, West Nile, jellow
fever, Eastern and Western equine encephalomyelins, Itheus and
St Louts encephalins viruses

In expennments done by Hasrr, as well as by Jonnsson anp
Lunpaarg, the AB IV virus was neutralized by Coxsachie Ay ante
serum, and AB IV antiserurn neutralized Coxsackte Ay wirus in
suckling white mice We obtamned simular results i cross neutraliza
tion tests 1 adul cotton rats (Table X Vi)

Table X1 Il Cross neutralization tests

Ve ABIY 10 el zomon s JEUTR——
Scaum . w6 e “
ABIV af6 I3 of6 of
Gzn o of6 ofs 1js
MR IV 16 6 oib W
A of6 of6 146 6
Bch (Polio-1ly 73 t sis — -

The virus dose was Toa IDs

Surveys for Neutrahzing Anubodies
to AB-IV and MK-IV Strains

In 195z we had befoce us the task of establishing the euology of
the haragands outbreak We did oot tr3 to collect serz oo 3 Jasge
scale, because we did not have Facilizes to test them at that ume
Howeser a small number of serz were taken 1n early convalescence,
and 10 1933 DR Mrrovot s made 2 special collection of seez Un
fortunately many paticats mcluding those from whom virus strans
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Tests with convalescent sera from different towns of the Sovier
Union showed antibodies 1 28 of 51 cases Alf children were under
5 years It 35 important to say that two chuldeen had anubodies to
ABviusiatiters 1 64and ¢ 512, but had 0o antthadies to the § types
of polioviruses

HazeL £1 AL (1937) tested sera of z9 healthy children of 1 to
15 years old from Washungton The sera were used 1n 1/ diuon
agatnst 100 1D;, AB IV virus propagated 1n suckling white muce
(Table XIX) In each age gronp a sigmficant number of sera were
posiuve Tests with two lots of gamma globulin prepated 1n the
US A showed antibody titers 1 § and 1 25

Table X1X AB 1V antibodies 1n children of Washington D C
(Haser 19357

Reat eof vt o0 e
g gam
Namber tted Number porie
s © 6
510 e 1
10-13 7 3

Serum dilution 1 4 aganst 100 1Dsg of visus 1n sucking white mice

Drscusston and Conclusions

In 1952 wvestigatons dunng an outbresk of poliomyehtis i
the town of Raraganda suggested that viruses other than the 3 known
types of poliovicuses may be responsible for paralyue poliomyehus
These viruses were thought to belong to type 1V poliomyelizs varus
{Ciarakov, VorosiiLova £T AL, 1956)

Inthe exp {datap d haraganda strains were shown
tegulacly to produce n monkeys and cotton £ats 2 picture of paralyuc
pcbomychm usually, but not always, with several comparatively
small pecull 1n the patholog; of the e 1 infection
‘The eapacity to produce parafyuc pobiom) ehus in monkeys and cotton
rats proved to be 2 constant chatacrenstc of haraganda strans and
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had been ssolated went for treatment to the southern resorts and we
could not locate them

We did succeed 1n testing 10 adult cotton rats, serz from patient
K (MK IV stran), and 32 more sera, 20 of which nentralized MK IV
steatn with an index over 100 The sera were tested 1 2 constant
dilution, 1 2, agamnst different dilutions of the virus Pavent K on
the 12th day of illness and after 10 months had MK strain neutraliza
on ndices of 1480 and 489, respectively These sera were not tested
for neutralizing antbodies against the § types of polioviruses

In 1953 serologtc tests were carrted out with 4 constant sefum
dilution (1 2) and sessal tenfold vitus dilutions Thus method proved
to be cumbersome and unsatisfactory for mass serological survey and
subsequently we used one serum didution 1 2 agamnst 100 doses of
virus m o ozy rnl (final difutton of serum 1 4100 o5 ml) After 1 hour
of incubation at 37° C the mixture was introduced in doses of o of ml
1ntracerebrally to adult cotton rats, 6 antmals per muxture Positive
sera were then ttrated 1n fourfold dilfuttons up to 1 256 At present
serologieal tests are carried out 1 trypanized kidoey cell eultures or
by the pH test

Tests wuh 18 Jots of gamma globulin prepared 1 Moscow,
Gosky, Odessa, Khatkov 1 all cases gave posiuve results in titers
1 4to 1 128 All 30 pooled placenta sera, collected 1n different towns
along the Volga, contatned antbodies 1 titers of 1 4 10 1 64 Sera
from healthy people of different ages were collected 1 Moscow, Riga,
towns m the Volga basin, Lvov, Almaz Ata, haraganda and other
towns of the Soviee Unton (Table XVIII)

Table XVIIH Sumeacy of serological sutvey of AB IV aatibodies s healthy
people of diffetent ages m the USSR

Re ultof neu il 72 0n es3

Age groups

Up to 1 yeat

e o 52
" 5
716 Py 3

16 and over

Total
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Tuble XX Comparison of behavior of polioviruses, vimses of group AB-IV -
Coxsackre Ay and other Coxsackie A viruses

Polionruses Consecke &
Specics Cuarsctensne
R R AR IR LS
Monkgye
Paralytic poliomyetizss
on inoculatton nto CNS Fl+]l+lF+ ===
by peripheral routes L EAERE R Rt B
Chasacteristic changes in the
cerebrosprnal fuid +l+le]+]+
Atrophics, contractures +lri+ ]+
Vitus 10 the CNS i+l +l+
Histological Jesions i the CNS of
poliomyelitss type O I O IR N R IR S
Catton rats
Paralysis PSS D U RS
Histologreat lestons in the CINS of
poliomyelitis type — =)+ +]+
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one which did not decrease on sersal propagation This capaaity
regulacly mantfests wself ar different passage levels, with any virus
—contaaing matertal-brawns of monkey, adult and suckling cotton
rat, and suckling white mouse, or muscles of the sucklings In additton
these virus sources afways possessed the property of producing
diffuse myositts of cross striated muscles 1n suckling cotton rats and
white mice In other words Karaganda steans were simular on the
one hand to polioviruses—by their pathogensaty for monkeys and
adult cotton rats, and on the other hand, to Coxsackie group A
vituses, by their capacity to produce degenerattve and 1nflammatory
changes in muscles of suckling white mice, cotton rats and hamsters
(Table XX) The dual of the pathog prop of
K da strains for different species of anumals (combaation of
neurotropism  with myotropism) could create confusion 1n the
classification of these stratns Furst of all 2 question arose whether
these strains were a mixture of one of the estabhshed poliovirus types
and a Coxsackse group A virus This assumption did not prove to be
cotrect and was rejected on the basis of exhaustive mnvestigation 1n
several laboratories

Owing to studies of Jounsson anD Lunpyark (1957), HABEL
anp Loomis (1957), HoRsTMANN AND Manveumrs (1957, 1958),
ToNEscu-MrnaresTt ET AL (1957), and also 1 our labaratory (1957,
1958) 1t was posstble to discover close relationships existing between
the Karaganda stran AB IV and Coxsachie Ay virus, as regards both
cross antigentc reactions and pathogentaty for suckling white mice,
cotton rats and h Furth these g revealed
2} f Xk )t of C kie Ay vitus and a
paralytogenic capacity for monkeys Thus 1 the studies of the Kara-
ganda steans, the known charactensstics of Coxsackie Ay virus were
constderably extended

These findings by themselves seem suffictent to us for rasing the
question of exclusion of Ay virus from the Coxsackic group of
viruses The A7 strans differ from the Coxsackie viruses, for whith
absesice of pathogemeity for keys was always considered patho~
guomonte

Are Karaganda strans ABIV, MK IV, GZIV dentcal to
Coxsackte A7 virus? This questton ¢an not as yet be defirutely
answered, because furthet comp of serological, eprdermologreal
clinical and experimental data 1S necessaty, but these are several
1adications as to the existence not only of stmular properties and
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rats and monkeys (MK-IV, AB IV) All Karaganda strains and also
virus ssolated twice m Lowsville (U'S A) from 2 case of paralytic
poliomyelitis (RANZENSOTFER ET AL, 1958) could not be ssolated 1
ussue culture Consequently when at present routine methods of virus
ssolatron 1 tissue cultures are used, not all cases of  paralync polio-
myelus” may be euologically identfied Those assoctated with
“type IV poliomyelitis virus™ ot with neurotropic variants of Cox-
sackie A7 demand 1noculation of monkeys and cotton rats However
serological surveys can be made with the monkey kidney culture
adapted vartant of Karaganda AB 1V virus Further search for new
methods of detection of viruses similar to the Karaganda stramns or
to the A7 neurotropic varnt will be necessary Even now there are
difficulties 1n virologic diagnosis of a number of paraly tic poliomy elins
cases, when negateve results are obtamned 1n tissue culture experiments
or 1 animal expentments under conditions which seem optimal for
the time of virus 1solation and when pared sera fail to show a fise
of antibodies to polioviruses (MELNICK, 1955, SCHMIDT AND Lin-
NETTE, 1955) Perhaps all such “negatne” cases of paralytic polio-
myelitis must be tested for the development of antibody to AB 1V
virus and, when posiuve, further tested in ammals

According to our data, and also those of HasrL anD Loors
(1957) buman gamma globulin 1n the USSR and 1 the US A
contatns antibodies regularly neutralizing AB IV and Coxsackic Ay
vrruses whach indicates their infectiousness both in Europe and in
America

Are the present data sufficient to establish the etiologie role of
AB IV-A7 group of viruses 1 human paralytic disease® For certain
feasons we were not able 1n 1952 to present detaled serologieal dara
for the etiological tole of the isolates 1n the paralytic diseases from
which they were obtaned The most important omission was the
absence of senal tests for anubodies to the 3 tvpes of polioviruses
However, high titers of antibodies neutrahizing AB IV and MK IV
vituses were definttely shown 1n comualescents from paralytic disease
in Karaganda, 1n cases from which MK IV stran and other similar
strains were 1solated (VOROSHILOVA EY AL, 1958)

In addiion the ascymstances of AB IV wirus ssolation 1n tests
with stools from two panents collected on the 1st and 6th day of
sllness suggest with great probability the absence of any connection
with type 1, 2 and 3 polioviruses, because only AB IV virus was
ssolated 1n monkeys It 1s improbable that 1n this phase, with the
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extremely severe course of the acute discase (bulbar poliomyelitss),
poliovirus would not have shown 1ts actwvity if st had been the
cause of the patient’s death Unfortunately the brains from the fatal
cases from which AB IV vicus was ssolated were not tested virologtc-
ally (the CNS m these cases was examined only hstologically)
Analogous examples were presented from two ather cases of ssolation
of Karaganda viruses from stools in the first days of “acute paralytic
poliomy elitts™

More complete etologic evidence was presented 1 a 1eport by
RANZENHOFFER ET AL (1938), Who made two i50lations of the same
virus 1n suckling mice from samples collected one and two days after
adnusston of a patient with acute paralytic poliomyelitts They showed
the absence of any antibodtes for the 3 polio types, but established
nise of antibodies to the 1solated homologous stramn and to the proto
type Coxsackie A7 stran

VorosuiLova Er AL (1958) discovered in Karaganda several
cases of paralytic pollomyelitss tn which AB IV virus was detected
1n the feces AB IV antibodies rose duting the disease, but there were
no polio antibodtes 1n early conval e At present our labotatory
1s conttnuing to work on the problem of the etiological role of the
AB-IV-A7 group of viruses ta human paralytic discase

In conclusion, we are led to the mfercnce that the group of
Karaganda AB IV strains and Covsackte A7 stratns should be regarded
as 2n independent type IV poliomyehtts virus occupying an inter-
meduate positton between type 1, 2 2and 3 poliomyelius viruses and
Coxsackie group A viruses This point of view should sumulate
further accumulation of data on the etiology and immunology of
“poliomyelitts”, particulacly m cases whuch are difficult to dizgnose
by the present tissue cultute methods
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the 1ntranuclear bodtes to those described by TyzzLR (1906) 1n shin
lestons of varcella However, they stated that there was no evidence
at that ttme to support the possibility of an unknown intracellular
tfection sumulating the cells to assume the unusual vananon Von
Grann anp PAppENHEIMER (1925) reported the first case of cyto
megalic inclustons 1n an adult who died of ulceratny ¢ colitis and hepatic
abscess They recognized the similanity of the cellulat changes to the
inclustons descrtbed by I 1escuirz (1921) 10 both spontaneous and
experimental herpetic lestons, and for the first tme the v1ral etiology
of the disease was postulated

Jachson (1920) described as parasites, the unusual large cells 1n
the ducts of the salivary glands of guinea pigs Howexer, 1t was not
until 6 years later that the first exp L of thy
1 guinea pigs were reported by Corf AND RUTTER (1926) Salivary
gland material from old guinea prgs produced tvpacal incluston
contatung cells at the site of moculation 1 young guinea prgs The
matertal remamed 1nfectty e after passage through a Berkefeld N filter
and was heat labile Sertal passage of the virus was accomplished with
subcutaneous inoculations of salisany gland matenal In the following
vears 2 vamable incidence of evtomegalia was noted 1n the salivary
glands of many other rodents (rats micc hamsters, and moles), 1n
monheys (Cebus fatuellus) and more recently in chimpanzees

The specics specificits ot the causal agent of the disease n
guinea pigs was demonstrated by Kuminrr anp Core (1926) and
Kurrner (1927) The presence of the charactenstic Inclusions 1n the
salnary glands of the guinea pig, hamster and mouse were found to
be associated with 2 transmussable hlerable virus but tn cach mstance
the vitus proved to be entirely species speciic (KUTTAIR AND WANG,
1935 Kurener anp T UG 1939)

The frequency of evtomepalic inclustons 1 the silivan glands of
tnfants was emphasized by | arsLR AsD Worsach (1932) They found
the incidence of the 1nclusions i the salivany glands to be 12 percent
1n 18 autopstes of infants and young children, regardless of the cause
of death The nctdence reported by others trom widely separated
parts of the world has vaned from 8 to 32 percent (SEIrFRT AND
Ornvr, 1957)

Reports of the pathology of the generalized form of the disease
1n mnfants, 1 olsing organs othes than the salnan glands continued
to appear 1n the literature but were not frequent untl after rgs0
There was a tendency to regard the pecultar inclustons as only
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distinctrve greatly enlarged cells But more than 30 years ago easly
tavestigations established the viral etiology of the disease 1n several
rodents and the marhed species specifictty of the salt ary gland
viruses wnfecting these ammals was demonstrated The similanty of
the Iatent disease in the salivary glands of mnfants and young children
to the salivary gland virus diseases of rodents indicated the viral
ettology of the disease 1n man However the fatlute to recognuze the
clinteal ympottance of the disease 1t man until recent years and the
lach of an expertmental animal susceptible to the human virus detayed
further investigations The development of tissue culture techaques,
providing a medmm for the isol. and prap of a spectes
spectfic virus 1n homologous ussue, gave new impetus to study of
the salivary gland viruses of both man and amumals

Historical Resume

The greatly enlarged cells with intranuclear and cytoplasmie
1 now dered patt of salivary gland virus
mfection, were first described by JEstonrk anp KioLemEnoGLOU
(1904} They observed them 1n the hidneys, kiver and lungs of a sull
botn 1nfant regarded as syphilitic In the same year Rispert (1904)
reported 1dentical large cells, occurning i the Lidneys of a newborn
tnfant, which he had observed 23 years earher, and also 1n the paroud
glands of mo older mfants Three yeass Jater LOSENSTEIN {1907)
noted the occurrence of such cells 1 the ducts of the parotid glands
of 4 of 30 mfants Only a few other obsersations of these unusual
cells in the otgans of stllborn 2ad joung nfants were recorded i
the ltterature before 1921 The nature of the pecultar cellulas changes
was unesplained The possibility that they were protozoan parasttes
wasdiscussed by Rrapertand others Surrif AND WeIDMAN (1910 1911}
classified them as a new species of endamoebac Others attisbuted
the formation of these gigantsc cells to syphilitic infection
GooDrastURE AND TALSOT (1921) reported another instarice of
the presence of the charactenstic cells 1n the organs of an nfant,
6 weeks of age These authors regarded the peculiar cells as a type of
cytomorphosts resulting from chronic nflammation and suggested
the name * Cytomegalia” They noted the resemblance of the cells
found 1n safants to those reposted by JACKSON (1920), tnt the salivary
glands of guinea pigs, and also called attention to the similanty of
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Fre 1 Cytomegalic mcluston cells 1n a renaf tubule Cytoplasmic inclusions sre
concentrated 1n parts of cells nearest to lumen  Hematoxihin and cosin 2000 «

peniphery of the cell The cyroplasm of the larpest cells 1s frequently
vacuolated 2nd thetr contour rregular The intranuclear inclusion
may occur 1n 2 cell which does not contain cvtoplasmuc inclusions,
but on the other hand the citoplasmic inclusions never occur 19 a
cell which contuns a nucleus devord of an mCluslon At times a
nucleus cannot be scen mn a cell S il

etther because the cell 1s so large that the nu:leus 15 not sn the plane
of the section or because the cell has degenerated The 1nclusions are
usually found mn epithehial cells butr mav occur in cells of the 1nter
stitial connectis ¢ tissue and tn vascular endothclium Both the intra
nuclear and the cvtoplasmic inclusions are Ieulgen posine, the
cytoplasmuc inclusions stamng less intensels than the intranuclear
The cytoplasmie, but not the mtranuclear mnclusions react posiisely
with periodic acid leuhofuchsia (PAS stain)

‘The tnaidence of the intranuclear inclusions 10 the salnary glands
of infants and young children has been reported varioush as 8 percent
to 32 percent in routine autopstes but only one record of these nelustons
10 the salivary glands of an adult has beea found (Marow rrscuno ano
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incidental findings in anfants dyng from other causes Carprry, AND
MCFARLANT. (1947), Swrrh aND VELOS (1950) and WratT anp
AsSOCIATES (1950) compared the cases reported 1 the literatute with
additional ones which they had observed, emphasized the 1mportance
of the generalized disease 1n mfants and pornted out the more frequent
cltateal and pathologic manifestations Wrarr £r AL (1950) suggested
that the charactessstic cells might be found n the unnary sediment 1n
some cases, and thus mahe posstble a diagnosis duang lsfe

Since 1950 there has been an 1ncteasing mterest n the human
disease with many publications of case reports This current interest
has been stimulated by the recogmtion of the 1mportance of the disease
m 1nfants and by the possibility of the chnical d
bye of uninary sed as well as by recent tavestigations
of the viral 2gents of mn and rodents

Generaliged Salnary Gland Virns Disease m Man Clinieal and Pathologie
Banfestations

The distinctive morphologic featute of cytomegalic mclusion
disease 1s the large sncluston beanng cell (g 1) Its nucleus 1s
enlarged and the cytoplasm increased 1n amount The great size which
may be attatned by the cell (25 to 40 microns) and by the mtranuclear
incluston (8 fo 1o mucroas) 1s a strhngly unique characteristic The
latge intranuclear incluston s surrounded by a clear halo which
separates 1t from a distnct nucletr membrane contarning one or more
dense basophilic masses At times the nuclear membrane appears
wrinkled or parnally collapsed The shape of the inclusion usually
corresponds to that of the nucleus in which 1t ltes When staed with
hematoxyhin and eosin the mtranuclear incluston may be etther
acidophilic or bisophilic However, the degree of basophilia of the
sncluston 1s seldom as great as that of the nuclear membrane The
snclusion may appear granular, or nodular, or uneven i density, at
ttmes the peripheral zone stamns less intensely than the center Fre
quently, howexer, the mclusion appears homogenous 1Its outline may
be either sharply defined or hazs The cytoplasm of the cells s
acadophilic or amphophilic and frequently contatns small basophulic
bodies which vary 1 stze and number ‘The basophilic bodies measur
1ng 2 to 4 microns 1a diameter are concentrated usually m one part of
the cytoplasm and may be arranged 1n a concentric manner near the
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tofy reactton ts most pronounced in subependymal tissues and 1n the
olfactory tract (HAYMARER ET AL 1954) Microcephih, mucrogyria
and hydrocephalus may result Aplasia of the cerebellum has been
reported by Diezer (1954) Inclusions occur 1n ependvmal and glial
cells, less frequently m ganghion cells and endothelial and ads entitzal
cells of blood vessels The foct of calification are usually parasentri-
cular but, 10 addstion, may be more widespread
Epithehial cells of the prouimal convoluted portions of the
nephron ate the site of predilectton for the intranuclear inclusions 11
the kidney Less commonly they are present in other patts of the
tubules and only occastonally 1n glomerul The huge celis 1n varous
stages of degencratton may fill the lumen of a wbule Desquamatton
of degenerate inclusion bearing cells 15 often apparent and reacily
explains their occurrence 10 uninary sediment (Trg 2) An interstitral
infiltrate of mononuclear cells 15 almost al\n:us present
In the I mucosa, 1 n connectne
ussue cells and more rarely 1n cpuh:]ml or endothelial celis may be
d with shght suy or with severe chronic
ulceratton The inclustons may also be present 11 connective tssue
cells and vascular endothel of chromic 1 assuc 1 other
sites, for example 1n healing burns of the shin
The chnal mamfestations of generahzed salnan gland virus
drsease are most clearh defined as they appear in the infant at birth or
in the neonatal period The inaidence of assoctated prematurity 1s
high Erythrobl and anemu thrombogs topemia, petechuc or
ecchymoses ot' the shin and mucous membranes extreme hepato
pl 1y (often with jaundice) are notzble Cerebral iy ol ement
as mdxcntcd by mlcroccphal\ may be presene at birth m some cases
and the 1nt bral cal most Il parayventricular, as
previously mentioned, may be demonstrated by roentgea eavs The
manifestations are stmlar to those of other hemolytic ancmits of the
newborn infant, especially those caused by maternal 1soimmunizatton
{e g Rhincompatibilitn) Differentiation may depend upon serologie
or upon the d of iacl bearing cells
i urinary sediment There s also a close resemblance to congenitat
toxoplasmosts
Thedtsease in the new born usually has been tatal withina few days
or weehs However, infants have suninved 1n a tew mstances 1 which
had been bhshed by of urtnary sediment or
b) 1solation of the virus from the urine or hepatc bopsy (Marenrrs,
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PureENkO, 1934) The chatactensstc cells ate shown s a photomicro
graph 1 the publication but they were 1nterpreted as amoebae The
supposed protozoa were not observed i other organs

In the generalized disease, 1nclusions may occur 1n cells of almost
any organ 1n addition to those of the saltyary gland Thetr distribution
1n the viscera 1s varable, Ludneys, lungs, Iner and pancreas (tslets of
Langerhans) being involved most frequently They are most wide
spread 1n the organs of infants dying of the disease 1n the first days
or weeks of hife There 15 usually an interstisal cellular nfiltrate
tegions & here inclusions are found but 10 some tnstances this reaction
15 mumumal In the rare cases of the disease n adults the lungs and
gastrontestinal tract are the sites of predilection for the incluston
bearing cells (GEILER, 1957)

In the gencralized disease present at burth or occurting m the
neonatal period, jaundice 1s frequentls present Petechiae and ecchym
oses occur 10 the shin The liver 1s grossly enlarged and, at times,
teteric and there 1s splenomegaly The cytomegalic inclusion cells tn
the Irver are found almost exclusively 1n the small bile ducts but may
be sparse even when there s a severe hepatiis There 15 perststent
blood formation Foct of necrotc or degenerate hepatic cells and bilary
stasts may be present In some instances multnucleated giant hepatic
cells are a conspicuous feature There 15 2 mazhed cellular mfiltrate
consisting of mononuclear cells and polymorphonuclear leukocytes 1n
peniportal regions and to a lesser degree within lobules When the
disease 1n the Iiver 1s Jess severe ot apparently of Jonger duration the
mfiltrate consists cheefly of mononuclear cells and there may be
peniportal and mtralobulat fibrosts

The characteristic large cells with inclusions, when present 1n the
Iungs, occur 1n the epithelum of the alveolr and bronchioles, less
frequently 1n the epithelium of the bronchi and trachea and mn the
ducts of the mucous glnds Focal or diffuse intersuual pneumonia
with a mononuclear nfiltrate 1n the alveolar walls 1s associated
frequently with the presence of inclusions However the iclusions
may occur 1n cases 1n which there 15 an acute or chronic pneumonia
of non speafic character An assoctation with interstial plasma cell
pneumonsa, attrtbuted to Prenmoey shs carsnih, has been reported 1n the
Eutopean litesature and review.ed by SEIFERT AND Osemie (1957)

Severe inflammatory changes and developmental disturbances in
the brain may result from iatrauterne infection There 1s an encephal
1tss with focal destruction of tissue and calctfication The anflamma
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PurENKO, 1934) The charactensstic cells are shown i a photamicro
graph 1n the publication but they were intetpreted as amoebie The
supposed protozoa were not obsetved in other organs

In the generaltzed disease, mnclustons may occur 1n cells of almost
any organ 1n additton to those of the salivary gland Thetr distrtbution
18 the viscera 15 vanable, hidneys, lungs, lver and pancreas (islets of
Langerhans) being involved most frequently They are most wide
spread 1 the organs of nfants dying of the disease 1n the first days
or weeks of life These 15 usually an interstitial cellufar infiltrate 10
regions where inclusions are found but 1n some 1nstances this teaction
1s minimal In the rare cases of the disease in adults the lungs and
gastromntestinal tract are the sites of predilection for the ncluston
bearing cells (GEILER, 1957)

In the generaltzed disease present at bitth or occurring 1 the
neonatal pertod, jaundsce 1s frequently present Petechrae and ecchym
oses occur 1 the shin The lver 1s grossly enlarged and atr nmes
1cteric and there 1s spl galy The ¢y 1 1 cells 1n
the Inver are found almost exclusively 1n the small bile ducts but may
be sparse even when there 13 a sevete hepatitis There 1s persistent
blood formation Foci of necrotic or degenerate hepatic cells and biliary
stasts may be present In some instances mulunucleated grant hepatic
cells are a conspicuous feature There 1s a marhed cellular infilerate
consisting of mononuclear cells and poly morphonuclear Jeukocytes 1n
perportal regions and to 2 lesser degree within lobules When the
disease 1n the Irver 15 less severe or 1pparently of longer duratton the
infiltrate consists chtefly of mononuclear cells and there may be
pentportal and ntralobular fibrosis

The charactenstic Jarge cells with inclusions when present in the
lungs, oceur i the epitheltum of the alveolt and bronchioles less
frequently 1n the epithelium of the bronchi and trachea and m the
ducts of the mucous glands Focal or diffuse mterstitial pneumonia
with a mononuclear infiltrate 1 the alveolar walls 1s associated
frequently with the presence of inclusions However, the 1nclustons
may occur 0 cases 1n which there 1s an acute or chronic pneumonta
of non specific character An assoctation wath interstitial plasma cell
preumnoaia, atteibuted to Preny ag)atss corsoys, bhas been reported tn the
Euaropean literature and review ed by SLiFert AND OEINME (1957)

Severe inflammatory changes and developmental disturbances in
the bram majy result from tatrauterine wnfection There 15 an encephat
1us with focal destruction of ussue and calafication The iflamma
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and from the urine of an infant wtth hepatomegaly jaundice purpura
and thrombocy topenta

RowE AND AssocIATES (1936) forturtousht recovered three strains
of an apparently identical virus from spontaneously degenerating
fibroblastic cells 1 cultures of human adenoid tissue during studres
of the adenoviruses WELLER AND 4SSUCIATES (1957) ssolated chree
similar 1ncluston productng viruses from three nfants having
hepatosplenomegaly and 0 two instances pervenertcular cerebral
calaification One of these infants subsequently developed p
chortorenittis Cultutes of human embry onse shin muscle tissue or of
human foreshin were utilized for the isolations

The viruses secovered independently 1n the threc laboratories
produce apparently 1dentical cytopatho,enic eflects 1 fibroblasts of
tissue cultures In original cultures and early subcultures the nstial
cytopathic changes were small focal lesions often round or oval 1n
shape, consisting of enlarged rounded or ovotd translucent cells
contrasting sharply with the uniform sheets of normal fibroblasts
The focal lesions app d an cultures lated with sust of
human tissue or urine after intervals of 5 to 24 dass (Surry 1956
WELLER ET AL, 1957) and m spontancously degeneraung cultures of
human adenord tissue after 2z to 120 davs mn culture (ROWE ET AL
1936) The foct gradually 1acreased 1n size and pumber 25 long as
two months betng required for tnvolvement of the entite culture The
central cells of the foct became filled with refracule dark granules and
then disintegrated leaving masses of granular debus A greenish
brown coloration of the granules was noted

In stained preparattons of the cultures large intranuclear inclusions
are seen in the altered large cells (Mg 3) Some nuclet contatn two or
three separate inclusion bodses They are finely ¢ranular and ampho
philic or weakly eostnophilic when stamed with hematoxyhin and
costn They are separated from the nuclear membrane by a distnct
halo and their shape usually corresponds closels to that of the nucleus
Small prominent masses of basophilic material are present near the
nuclear membrane Qccasional cells hase two or three nucler each
contaiung an 1ncluston In most cells there 15 a round or oval eosno
philic zone, adjacent to the nucleus and frequently hiag i an tndenta
tion of the nucleus Infected cells apparently about to undergo disso
lution may contan several racher large hialine amphophohic or
eosinophilic bodies

The cellular changes 1 ussue culrures resemble strihangly those
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1955, BIRDSONG E1 AL, 1956, WELLER ET AL , 1957} When cerebral
1avolvement was present physteal and mental retardation perststed

When the disease appears tn infants after the neonatal pestod ot
1 joung children, the chatcal mamfeseatrons are diverse It occurs
most commonly betwcen the second and fourth months of life and
with decreasing frequency thereafter In a few instances hepato-
splenomegal, jaundice, anemta, purpurz and thrombacy topena, or
microcephaly with intracramal calctfication have been noted first
when the 1afant was several weeks or months of age, and 1t seems
highly probable that the had been acquieed i wtero With the
exception of this yarer, well defined syndrome, the clinscal manifesta
tions are vamzble Clinical pathologic cosrelations indicate that
symptoms may be referable to the vatted Jocalization of the viral
infection (eg 1ntersttial pneumomtss, enteriis) or to another
associated disease Prematunity and a history of nutritional disturb
ances are common 1n nfants 1 which autopsies have revealed ev:
dences of g lized ¢ 1 t disease

In the less frequent cases 1 older children and 1n the rare cases
1n adults, cytomegalic anclusion disease appears to be usually a super
1mposed nfection dusing the course of a chronic dsease (GEILER,
1957) At present it 15 not certain whether these cases represent
recently acquised anfections by the saltsary gland virus or activation
of latent infections

Propagation of the Salnary Gland Viruses m Tassue Culture

Humsan saluary gland virns Tsolatons of the human salivary gland
vicus n tissue cultures and observations on the behavior of the virus
have been reposted from three Jaboratottes Ssurw (1956), employing
roller tube cultures of fibroblasts from explants of human myomettum,

)

1solated tw o ¢y topathog agents prodi mnt
The first agent was obtatned from the salivary gland of a 7 month old
1 were d d 1 histologic sec

infant Int
tions of the salivary glands, but not in sections of other organs A

sumtlar agent was recovered from renal tssue of 2n mfant dyng with
lized cytomegalic 1ncl disease More recently * a third

&

strain has been tsolated 10 the same [aboratory from a hepatic biopsy

* Swrr, M G , unpublished
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ET AL, 1956} Isolation of stramns from tissucs or from both tissue and
utine of infanes 1ll with a syndrome resembling cvtomegalic incluston
disease, and also, from a salivary gland containg intranuclear
wclustons, Justify further the concluston that all these agents are
strains of the human salivary gland virus

Each of the investigators has noted evidence of adaptation of the
vitus 2 tatro Tlurds removed from the ongnal cultures or early serial
subcultures contam little or no virus Surrie (1956) made successful
transfers with culture Ausd from the onginal culture only after 30 days
of incubatton and even then 1t was pecessary to transfer all the Awd,
undiluted, from an original culture to each new one WLLLER LT AL,
(1957) reported that virus was not demonstrable m flurd removed from
oniginal cultures, and both ROWE 43D assor1ATE> (1956) and WELLER
AND ASSOCTATES (1937) found 1t necessary to utilize suspensions of
the tafected culture cells for early passages of the virus Considerable
amounts of virus are present in the cells betore 1t 1s released into the
culture flid medium Rowe ET 4L (1956) demonstrated the delayed
appearance of virus 1a the culture fluid as compare | with the culture
cells, 1 the eighth passage of one strain of the virus The mncubation
time for the cytopathogenic effect i test cultures was 44 davs when
cultute flwid from an 11 day old infected cultute was inoculated as
compared with four days when 2 cell suspension was moculated On
the thirteenth day and later the amount of virus 10 the fluid, although
greatly increased, did not equal that 1n cell suspensions  \fter four to
ten serial passages, the viruses could be transferred readily with the
supernatant f.1ds from infected cultures i which advance cytopathic
changes had developed Also the mcubanon period of the cito
pathogenic effect decteased with serial passages In later passages
when large 1nocula of culture flnids were used the length of the mcu
bation periods became much shorter and the 1ntial cvtopathic
changes were often diffuse snstead of focal However Harriey (1957)
has noted the erratic behas tor of the human virus even after 35 serial
passages, incubation periods and progresson to complete tnvolve
ment of the cultures varying considerably from passage to passage

Saluary gland virus of mne Switn (1954) undertooh the propaga
tion of the murige salivary gland virus 1 explant cultutes of mouse
embryonic tissue as a model for the subsequent attempts to 1solate
the human virus The stram of vitus was recovered 1unally from a
pool of three salnvars glands from three adult mice of a colons 1 the
Wernse Laboratory of Cancer Research ar Washington Unnversiry
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Frg 2 Incluston bearmg celis of renal eubules Desquamated cells with nclustons
are frce in the lumens Hematoxylin and eosin 230 x

Iig 7 Cells of tssuc culture Enlarged rounded cells from culture of humsn
t ssue (explants of myometrium) infected with human salivary gland vieus Intra
nuclear mnclusions are present i every ecll Boun fixatan Hematoxylin and

eosin goo X

scen 1n cytomegakie mclusion disease of infants and in salivary gland
disease of antmals The similanty or actual identty of strams of the
virus ssolated by the dufferent i esugators was demonstrated by
neutralizing and complement fixing reactions with human sera (Rowe
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of trypsin dispersed mouse embry onic ussue the character of the focal
lesions differed somewhat from those induced by the human virus, 1n
that they first appeared as small holes i the fibroolastic sheet sur
rounded by the large cells instead of as a compact group of swollen cells

Salnary gland sirus of the gunea prg The guinea pig salnary gland
virus has been propagated t homologous tissue cultures (HARTLEY,
Rowe AND HUEBNER, 1957) The origmal source of two strains of
vitus uttlized were guinea pigs from two dealers 1n New York State
Each strair w1s established 1n semal passages mn guinea pigs of a
laboratory stock colony Primary inoculations of explant cultures of
gumez pig embryonc muscle with intecunve submaxilary glind
suspension (strain I) produced in 10 dus small toct of enlarged,
round refractile cells in the fibroblastic outprowth

By the twenteth dav, after theis appearance in primary cultures,
the focal areas had ncreased 1n number and extended to mvolve more
than half of the fibroblasts, at »8 davs there w5 almost complete
tnvolvement and many cells were nectotic The chiractensstic changes
were reproduced on transfer of fluid contaimng Leound cells to both
trypstn dispersed and explant cultures Citopith . enic changes were
not seen on passage from the primary cultures 10 explant cultures
until the twenty fourth dav after moculaion but the incubation
period 1n trypstnized cultures was onh 6 dus ind all cells were
nvolvedin 1z After 10 passages 1n tr psinuzed cultures the incubatron
penods decreased to two or three davs and 10 later passages, focal or
generalized cytopathuc changes sometimes occurred within one day
In staned preparations made ar intervals throu hout the passage
seres, the majonrty of cells contamed large el nzated or hidney
shaped eosinophilic suclusions withun aucle clewly resembling those
produced by the human salivary gland virus Difinite cytoplasmic
mclusions were not observed

Difficulty was encountercd 1n maincuning the second steam of
the virus during early passages but after the sixth passage the incuba
tion period became shorter than before and the virus could be readily

d with flurd contumng ground cells Sut hy, 1n the

course of serial passages of two strans of the gumea pny virus m
Buinea pigs, tdentical cy topathogenic effects were produced with 10
of 12 suspensions of the salivary glands when snoculated 1nto explant
of trypsin dispersed cultures of guinea pig embryonic muscle In
these 1solations the mcubation peniods for the &y topathic change vasied
ftom three to ten days
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Intranuclear inclusions were demonstrated 1n tustologic sections of the
salivary pland of each mouse Thereafter the viras was marmtamed by
sersal passages at intervals of two or three weeks 1n young adult mice
from a special colony, frec of the spontaneous saliy ary gland fection
Salnary glands of mice 1noculated two weehs previously were used
to prepare inocula for tissuc cultures Roller tube cultures of embry
omc mouse tissue conststing almost entirely of fibroblasts were
employed For primary moculations of the culeures 2 ml of media
containing infectis ¢ mouse salivary gland matersal (filtrate, Beskefeld
N filter) 1n dilution by weight of 10 *was placed mn cach culture tube

Many focal cytopathic lestons composed of large rounded
refractile cells appeared 1n the cultures on the sixth or seventh day
after moculation Ininally the focal lesions resembled closely those
which have since been produced by the human salivary gland virus
1n cultures of human fibroblasts However the foci mereased rapidly
1n size and number By the ninth to twelfth day 1nvolvement of the
culture was diffuse Infected cells began to degenerate withun two or
three days after the focal lestons appeared, but a few of the large cells
petsisted 1nto the fourth week after infection The same type of
cytopathic changes developed in subcultures Repeated primary
1solations in cultutes with 1mfected mouse sahivaty gland materal were
successful Even the first passage of the virus to subcultures was
readily accomplsshed with o o2 ml of culture fluid and was successful
also with o oz ml of culture fluxd 1a dilutton of 10 *

After three senal passages of the virus i cultures, salivary gland
virus disease, as characterized by large intranuclear inclustons and

1 lear 1nfili was reproduced i muce by intra

perttoneal inoculation of 0 o2 ml of the culture flud Fluids used to
demonstrate reproduction of the disease 1n mice represented dilutions
of 10 " and 10 ** of the ongnal salivaty gland material The culture
1rus could be titrated 1n the mouse, using the presence of mtranuclear
1nclustons 1n histologic sections of the salivary gland as an mdex of
nfection

Hartzey (19§7) and BRODSkY AnD ROGE (1958) readily ssolated
the mouse salivasy gland virus from salvary glands of mice infected
with the mouse passage stratn of virus used by Smuth They employed
cultures of trypsin dispersed mouse embryonic ussue In goutine
P employing undiluted cultuse Aud o scraped or
ground cells, the cytopathic changes occurred 1 one or o days,
and complete 1ay olyement of the culture 1n three or four In cultures
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frequently behaved erratically even after 35 sernal passages, incubation
periods and progression to complete 1nvolsement varying consider-
ably from passage to passage

The differences 1n adaptation of the three viruses are further
shown by companson of amounts of virus 1n the ussue cells and 1n
the supernatant fluids 1 the early and later passages The mouse
wvirus muluiplies teadily and 1s present both 1n the culture flud and
the cells 1n considerable amounts, even 1a the first passage On the
other hand, the guinea pig virus and especially the human vrrus are
released nto the culture fluids only 1 small amounts, if at all, 1n the
early passages, and in later ones the titer ot virus m the flurd rematns
low as compared with that 1n the cells The behtvior of the mouse-
virus 11 cultures may be explaned, 1n part by the fact that the stramn
of virus, used by all the 1nvestigators, has been maintaned 1n mice by
serial passages at mtervals of two of threc wecks over a period of
years (Swrrit, 1954) Therefore the virulence ot this stratn may be
greater than that of one accurring in the spontancous disease

‘The maximum titers obtained by HirT11Y (1957) for the mouse,
guinea pig and human viruses in cell suspensions were respectively,
1041, 10**, and 10*" ussue culture mfictne doses (TCID so) per
o1 ml

Spectfic complement fixing antigen 15 present n both the super
natant fluids and cell suspensions of adapted cultuzes of eich of the
three viruses (ROWE £T AL, 1956, HARTITY 1957) but of higher uter
1n the cell suspensions

Range of pathagematty, ¢ytopathie effect Fach ot the three viruses
induce cytopathie changes tn fibroblasts of the homologous spectes
Overt cytopathic effects are not observed in cultures of epithelial
cells of various types In explant cultures ot homologous tissue
contaiung sslands of epithelal grow th, ntranuclear 1nclusions,
observed 1n fixed preparations, may occur in those epithelial cells
adjacent to affected fibroblasts while most of the othets remam un
Mfected (ROWE FT AL, 1936, WELLER ET AL, 1957, HARTLEY, 1957)
In staned preparations of cultures prepared from trvpsimzed human
Madney cells and snoculated w1th centrifuged infecred fluuds (human
vitus), WELLER AND ASSOCIATES (1957) observed isolated, enlarged,
rounded cells with mtzanuclear mnclustons, these cells appeared to be
of renal epsthelial ongin

Cytopathic changes ate not produced by the human salvary
gland virus 1n cultures of HeLa cells (ROWE £T AL, 1956, WrELLER
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The virus that had been passed through tissue cultures produced
characternistic salivary gland disease 1n gutnea pigs from an vnunfected
colony and after intracerebral noculation, acute meningins with
intranucleat 1nclusions 1n cells of 2 mononuclear exudate

Comparisons of the Salwary Gland Virnses of Man and Animals n Tissue
Crltures

Cytopathi changes The greatly enlarged rounded or oval cells
which later become refractile and then dismtegrate occur m cultures
infected with each of the three sahvary gland viruses The focal
cytopathic changes induced by the guinea pig 2nd the human viruses
1n primary and early subcultures are almost rdentical, 2 small number
of round or ovoid foa composed of a few enlazged cells The lestons
extend and 1ncrease 1n nusnber so slowly 10 early passages that many
days or weehs, 1n the case of the human virus are sometimes required
for generalized v ol ement of the cultures It 1s only 1n later passages
that focal or, sometimes, generaltzed changes occur swiftly within
one or two days On the other hand, 1n eatly passages of the mouse
virus the focal lesions are more numerous, less definitely outlined,
and progress rapidly to involy e the entire culture 1n two of three days
In trypsin dispersed cultures of mouse embry onic tissue the eatly foct
produced by the mouse virus appear as small holes 1n the culture
which result when the characteristic enlarged cells surrounding them
pull away from one another (HARTLEY, 1957) The latge tatcanuclear
1nclusions produced by all three viruses have the same charactenstics
1n stained fixed prepatations

Adaptation of tiruses m enltures Adaptation of each of the viruses
to m 12270 ens tronment 1s show n by the earlier appearance, more rapid
extenstoa and generalization of the cytopathic changes m senal sub
cultures, and by tncreasing amounts of vitus in supernatant culture
flaids Increasing adaptation s more striking for the human and guiniea
pig viruses than for the mouse vitus because 1r 2dapts so quichly

HarTiry (1957) gives the following comparatnve dara Using

diluted culture flnd cc scraped or ground cells, the mouse
vurus after three passages produced cytopathc effects in one or two
days, and complete 1y olvement of the culrures 1n three or four, the
guinea pig virus after 10 passages caused changes m two of three
days with complete dissemination 1n 6 to 8 days ‘The human virus
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capsules for embedding 1n the methacrs late to which benzoyl peroude
had been added as a catalyst Polymerization was carried out at
60° C Control cultures wete prepared in the same manner

Small portions of the spleens of three weck old mice, infected by
intraperitoneal moculation 20 to 48 hours previousl, and salivary
glands of adult mice, infected by intraperitoneal 1oculatton two
weeks previously, were fived 1n a one percent solutton of osmuc aad
1n bichromate The tissues were tapidly dehvdrated 1n ethanol solu-
tions and prepared for sectiomung in the same manner as were the
tissue cultures

Thin sections were cut with glass knve in a Porter Blum

d on colloidion covered pri! nd examined 1n a

EMU-2E RCA electron mucroscope M« ozriphs were taken at
onginal magnificattons of 1000 to 8300 diin cter 1nd the prints were
enlacged from the negatives as desired

Infected tissue culture cells, human sat or . 4 rus In electron
micrographs some cells thought to be 1n an cul  stage of infection
were altered from the normal only by ar ¢ 1se in amount of
cytoplasm and an unusual globular shape wh 11 thers there wasa
decrease and 1rregular clumping 1n nuclear chr matn

Definitely infected cells contained paruicle  wiuch never were
observed 1n uninfected controls In both nucleus nd cvtoplasm of the
enlarged fibroblasts, particles foreign t) nor il fibroblasts were
evident 1n electron mecrographs The nucleoplas 1 of these cells was
almost enurely replaced by 2 central nuclear inclusion with 1ts peri-
pheral halo In thicker sections of osmic tixed material, examtned by
phase microscopy and 1 low power electron micrographs, the nuclear
inclusion resembled that seen in hematonilin and eosin stamned
sections, a large central dense mass with a surrounding clear zone
This appearance was altered 1n the thinner sections ordinanly examined
with the higher powers of the electron microscope here the inclusion
appeared as a sketa of dense granular matenial (b1g 4), with small
particles interspersed (Fig 5) The amount of osmiophilic material
was distnctly reduced 1 the regron surrounding the inclusion When
included in the sectton, the nucleolus was apparently Lttle 1nvolved
and usually was adjacent to the tnner margin of the nuclear membrane
In the nucleus the particles thought to represent viral forms were most
numerous 1n the inclusion where they were nterspersed among the
dense ch but also ded out into the sur ding pale
zone These particles varied from 65 to 110 mullimicrons 1n diameter,

HON omlege Vol 3
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Tr AL, 1957) No effect 15 produced tn cultures of heterologous tissue
or tn embryonated eggs by any of the viruses

Physical charactersstics of the salnary gland sirns of man, the gumea prg
and the mowse ‘The saltvary gland viruses ase also stmilar 1n certatn
phy sical praperties All theee viruses show the following eharactersstics
(HarTiry, 1957) (1) senstavity to cther, (2) mactivation by heaung
at §6° C for 10 of 20 minutes, (3) sensitivity to freezing and thawing
and prolonged storage at —70° C, (4) filtrability (Selas o3 porosity
filter) with some loss in actrvaty, and (5) relative stability from pHo
to pHy and marhed inactivation at pHs In addition all fail to aggluts
nate erythrocytes of chichens or homolagous species

In sprte of the marked simularity of the salrary gland viruses of
man mouse and guinea p1g in brologte and physteal charactertstics
they appear to be immunologically disunct No anugenic relation
has been demonstrated (HARTLEY, 1957) by serum neutralization or
complement fixation tests

Electron Microscopy

MiNDEeR (1953) described homogeneous dense pasticles, measur
Ing appsc Iy 100 mull mnd and occurring singly
or m clumps 1n the cytoplasm and 1n the pale zone about the 1ntra
nuclear incluston He did not see the particles within the noclear
inclusion, which he described as coatsely honey combed but not
granular  Minder made lis observattons on formaln fived post
mottem pancreatic tissue from an infant having cytomegalic iaclusion
disease Such preparations are now considered inadequate for electron
mucroscopy because fine structural detail 1s lost

Luse anp Surru (1958) employed electron mucroscopy for the
study of fibroblasts of explant cultures of human myometsium infected
by the human saltvary gland virus and cells of splentc and sabvary
gland ttssue of mice infected by the mouse sukvary gland vitus The
observattons on the charactes of the intranuclear nclusion and of the
patticles mn the nucleus and 1n the ¢y toplasm will be reviewed 1 some

detail
AMethod Cells of cultutes infected 10 days previously were fixed

1m the roller tubes 1 Dalton’s osmic acid fixative (1°, osmic aad
bichromate), dehydrated with graded solutions of ethanol and 1n
fltrated with methacrslate Frnally they wete transferred to gelabn
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and comprised a central dense dot of osmiophilic matesial sursounded
by a zone of lightes substance, which 1n turn, was enclosed by an
outer osmuophilic shell of varying thickness (Fig 5) Transions were
seen from these structures to ones 1n which the central body was so
enlarged that 1t became fused with the outer membrane A less promi-
nent component of the mclusion wus an elongated comma shaped
particle

Particulate forms in the evtoplasm were numerous and pleo
morphic (1) The most conspicuous ¢ roplasmic partscle »as 2 sphesical
body of dense homogeneous compositton 300 to soo mullimicrons 1
diameter (Fig 6) (2} Sraller targer Lihe particles (Tig 6) composed
of a central dense structure surrounded st by a clear zone and pent
pherally by an osmiophilic shell of 2~ to 5 millimicrons 1n thichness
were present, singly or in nests of many particles These target like
particles measured 1co to 180 millimucrons 1n d imeter Both types
of cytoplasmic pasucles were enclosed within v« >lar structures set
off from the surrounding cytoplasm by a der o nembrane (Fig 6)
These vacuoles contatned varying, numbers of p rucles sometmes as
many as 1§ to 30 in the thin section Some liric vacuoles or sacs
contaned both small target lske form« and larccr pheres The relation
between the different forms was not clear

Also large homogeneous dense bodies 2000 1> 2800 millimicrons
1 diameter, were present 1n the ¢yt plasm of niny cells and small
membrane covered blebs 25 to 1500 millimicrn in drameter, were
obsesved at the circumference of these hodis Many of the blebs
contamed particles, some of which were the {cnse homogencous
spheres, while others were the target Like torn s

Dense spherical forms and occasional target like forms were i1
close apposition to the external surtace ot the plima membranes of
many cells Usually extracellular pasticles were n ot surrounded by 2

Fig 6 Electran micrograph of part «f eyt plasm of hbe blast from eulture of
buman nssue infected with human salivary gland vinus Large homogenous
sphericat particles (S) surrounded by membranes at the acrows are target like
forms with a ceatral dense dot surrounded by a pale 2 ne with a dense shell
beond it They are present as 1solated forms ot as nests § parucles 1n vacuolar
strucrures 30 000 >

Fig 7 Electron microgeaph of part of cytoplasm of an infected cell of salvary
8land of a mouse mouse salnary gland virus There are nests of many earget hike
particles 20,000
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Fig 4 Electton micsograph of an mfected cell of culture of human tissue infected
with human saltvary gland visus The nucleus (N) shows central mefuston with
sketns of osmiophilic material, surrounded by pale zonc (halo of hght micro-
scopy) 5000 x

Fig 5 Blectron mucrograph of part of mtcanuclar mclusion (infected cell of
‘human culture) made up of densc granular osmiophilic material 2nd nterspersed
viruslike particles 42,000 %.
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and probably rep d those liberated by the breakdawn
of infected cells

In electron micrographs of cultures ficed at progressrve short
intervals ([ ust AND S, 1n press) after infection particles were
first noted 1n the nuclear incluston berween two and three davs after
moculstion Both nuclear and cytoplasmic mnclusi s wcre present tn
cells of cultures examined 5 to 20 days after infe u 2

In cells thought to be m the eatly stage ot int c 10n prior o the
formation of the nuclear 1nclusion the mitoch 1+ were merensed
tn number and size as compared with control ¢ rure cells In cells
1 which 1ntranuclear 1nclusions were fully dev = 1and n which
cytoplasmic pasticles were present there were o fewer mitochon
dnia and sometimes recogpizable mutochondriiw  absent from large
ateas of the cytoplasm

b

Infected monse trssue, mouse salwary gliid ¢ splert cells The
tnfected splenic cells were mamly reticul (nd 1l The nucl-ar
inclusions, like those of the fibroblasts mic wh the human
salivaty gland virus, were formed by parude r-perced with a

condensed chromatin skein Particles werc agy  prominent in the
cytoplasm, single dense spheres 250 to 400 111 crons 1n drimeter
contaned one or more small round clear foci 7f 1t 6o mullmcrons
in diameter These structures differed from the  heres i the fibro
blasts infected with the human stran of the 1115 1 that they con
tatned the central clear zones Some of the pal 7ones contained a
single dense dot and thus resembled the target I ¢ forms seen 1n the
human culture cells Multiple spheres of vanable  7e similar to those
occurring singly were seen 1n membranous sacs

Saluary gland tissue of the monse 1n sections ot the salinan glands
of older muce moculated ewo weeks previoush miected cells with
intranuelear inclusions were readily rdentified by phase microscopy
but they were not numerous In clectron microyraphs the nuclear
1nclusion particles were 1dentical with those seen 1n the mouse spleen
and the human eulture fibroblasts However, within the ¢y toplasm of
the infected cells there were numerous nests or sics of the tatget like
particles The sacs of particles measured 2 to 3 2 mucrons their
greatest dlameter and were surrounded by a thin membrane (Fig 7)
The enclosed patticles measured 120 to 180 mullimicrons and appeared
wentical with the target forms obseried tn the cytoplasm of tibro-
blasts rfected w1th the humn salnvary gland virus

Thus, the nuclear particles associated with both strains of virus



Sstti The Salivary Gland Viruses of Man and Aaimals

190




(Cytomegahic Inclusion Disease) 19§

under 6 months of age (especially from the second to fourth month),
even when those are excluded tn which there was evidence that the
infection was acquired 12 stere Thus 1t would appear that 1afections
mn the early months of Life are responsible for a disprop

number of the cases of the generalized disease, and that the age when
the infant ts first 1nfected 15 the 1mportant factor 1n determinung the
course of the disease Other questions anse Is unrecognwzed 1n
trautenine infection without symptoms m the eatly neonatal peniod
more common than 1s suspected at present? Do prematunty, nutrt-
tional disturbances, and some afections which have an unexplamed
assocation with salivary gland virus mnfection make the young infant
more susceptable to the tutial infection as well as to the generalization
of the disease?

Spontancous and Expersmental Saluary Gland Virne Disease i Ammals

Many older observations and expertmental mvestigations of the
saltvary gland virus diseases of arumals, begtanng as early as 1920,
are important because they gave tnformation that eventually led to the
more recent nvestigattons of this gronp of viruses

Altered cells charactenstie of salivary gland virus infection have
been observed 10 the salnvary glands of apparently healthy guinea
pigs, rats, mice, hamsters moles, monkeys (Cebus fatuellns) and
chimpanzees Also JacksoN (1921) noted * organisms™ 1n the ducts
of the salivary glands of 2 dog which were said to resemble those
previously described by the same author 1 the salivary plands of
guinea pigs (JACKsON, 1920) Both the intranuclear and cytoplasmuc
tnclustons have been noted 1n the enlarged cells of the salivary glands
tn each species, however, the cytoplasmic inclustons are less common
1 the mouse In the expenimental mfection in the mouse and guinea
Pig the recently formed mntranuclear nclusions may be smaller than
those occurning 1n mfections of longer duration (McCorpoCk AND
Sutm, 1936, RosENBuscir AND Lucas, 1939) Also ANDREWs (1930)
and Rosensuscit ANp Lucas (1939) noted that in the expermental
infection the cy toplasmic mnclusions appeared in the cell later than the
wmtranuclear one

The location of the altered cells 1n the saltvary glands 1s not the
same 1n all spectes In the hamster and mouse they occur czueﬂ) n
acuy, 10 the rat with equal frequency 1n the acini and ducts (Kurner

 Vucloge Vol x
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Of the 13 virus positive children, 12 were known to have had
complement fixing antibody for at least two months Prtor to recovery
of the virus, and 5 had had antibody 8 to 24 moaths ptestously Thus
excretion of virus 1n the mouth and unne occurred even when antt
body had been present for a long time All of the virus positive
chuldten had complement fixing antibody on admusston to the fnursery
and generally the titer remained constant or declined Virus recovery
was not related to the ater of serum complement fixing antibody
Repeated preparations of statned saliva and urinaty sediment of these
children did not teveal inclusion bearing cells

As noted by ROWE AND AsSOCIATES (1958), the recovery of virus
from the mouth for pertods of 2 to 5 months, and 1s long as 8 to
24 months after anttbody was known to be present confirm the
chronieity of the infection of the salivary glands in children, as had
been indicated previously by the relatvely frequent finding of
inclustons 1n the salivary glands at autopsy

The detection of virus 1n urine of 7 of the 8 apparently healthy

hildren tested, 1nd that d of the virus beyond the
saltvary glands 15 relatively frequent 1n childten not showing overt
cytomegalic nclusion disease or other obvious clinical symptoms
The presence of virus in the utine of children who had serum neutral
1zing antibody for periods of 15 to 24 months suggests that the virus
may propagate m the kidney dunng the subclinical mfection This
possibility 15 further supposted by the demonstration of prolonged
excretion of salivary gland virus in unne of an mfant who had
survived neonatzl cytomegalic incluston disease (WELLFR ET AL,
1957) The long duration of vitus excretion 11 the subclinteal infection
will make difficule the d tc pretatton of virus isol The
relatsvely high incidence of inclusions 1n the kidneys at autopsy when
not present ta other organs except the saltvary glands (SFIFERT AND
Ocmve, 1957) also suggests that virus may muluply readdly i the
kidneys
The occurrence of the infection of the saltvary glands as a chrontc
process with prolonged exctetion of the virus 1n the saliva and urie,
together with the prevalence of the disease in young children, pro
vides an explanation for supetimposed nfections 10 pestussis, other
chromc lung diseases, and debilitating conditions

The pathogenes:s of the disease n young 1nfants 1s more dificult
to understand A large proportion of the autopsy reports i the
literature on generalized salivary gland virus disease are of infants
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two of three passages, at best, has always requred salivary gland
matenal for the moculum The species specificity of the salivary
gland viruses was also d d 1n these early
Fatal gitis with 1n ! 1 w cells of the
exudate was produced 1n gumea pigs by mtracerebral moculztion of
salivary gland matersal (CoLe anp RUTTNER, 1926, Hubson AND
Marknar, 1932) Non fatal meningttis was produced 1n the same
manner (n hamsters, mice and rats (KUrThER AND WaNG, 1934) In
only rate instances has brain ta brain transmusston been accomplished
n the guinea pig, and then, only for two or three passages (Hupsow
AND MARKHAM, 1932) Intratracheal mnoculation of gumea pigs and
rats with large doses of infective saltvary gland matenial produced an
I with ! 1 (Kurtnver anp

TLNG, 1935) Hupson AND Markiam (1936) demonstrated the
greater suscepuibility of fetal ussue for the guinea pig virus Intra-
cerebral or intraplacental noculation of fetal guinea pigs with 1afected
salivary gland matenal resulted 1n extenstve visceral lesions with
mtranuclear inclusions Rosensuscr anp Lucas (1939) produced
fatal infecuon 1n guinea pigs when an unusually varulent stram of the
gutnea pig virus was wnjected subcutaneously, 1ato saltvary glands,
T lly or into abd: 1 viscera Necrosis and mclusion
formation occurred at the site of infection and inclusions were also
observed elsewhere 1n the body McCorDoCK AND Surr (1936) pro
duced widespread visceral lestons 1n young muce by intraperttoneal or
intracerebral tnoculation of infective mouse salivary gland matenal
Death occursed 1n four to seven days The most extensive lesions were
1 the liver, spleen, adrenal and subpertoneal fat and connective
tissue Necrosts of tissue and hemorshage occurred as well as maay
1 1 Less changes were found 1n the

lungs, kudneys, pancseas and intestinal mucosa Although the livers
and spleens d ) 1 i I
of these organs fated 1l duced no obvious

P
illness, anumals autopsted after o wechs showed taclusions 1 the

R

glands, might occur 1n animals just as in man It also seemed apparent
that multsplication of the sodent viruses occurred to a greater extent
1n the salivary glands than in any other site Even when mnumesable
taclustons were present n the Iner and spleen of muce follow ing
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AND WANG, 1934), 11 the mole 1n termunal tubules near ducts but not
in the ducts per se (RECTOR AND RECTOR, 1933), and 1n the chimpanzee
most frequently 10 the acint (VOGEL AND PINKERTON, 1955) In the
monkey, Cebus fatuellns (CowDRY AND ScOTT, 1935), 20d 1n the guinea
pig they occur 1 the ducts

With only a few exceptions, the natural disease observed m
anumals has been of the latent type Characterssticinclusons were found
1 the Judneys, as well as the salivary glands 1n 8 percent of a colony
of apparently healthy guinea prgs by Marxs s (1958) Also Kurrwer
AND T'UNG (1935) detected the salivary gland virus i the kidneys of
rats and guinea pigs 1n which el could not be d d
Subcutaneous tnoculations of emulstons of the kidneys produced
1nclustons 1 the salivary glands of young animals of the same species
These results indicated that the virus 15 disseminated beyond the
salivary glands and may be excreted 1n the urine duning the subclintcal
1nfection 16 the guinea pig and rat as 1t 1s 1 young children

PAPPENMEIMER AND SLANETZ (1942) reported 2 spontancous
disease d with widespread 1 /| n wo
guinea pigs of a small colony betng used for nutritional studies One
of the anumals dted In their opinton the inclustons were like those
occurring 1 the salivary glands of guinea pigs However, they were
unable to transmut the disease to young or adult guinea pigs Smrrs
AND VELIOS (1950) observed int 1 1 dered to be
of the salivary gland virus type, 1n many organs of several guinea pgs
which had been used 1n 2 study of the effects of amunoptenin (4-amino
pteroy! glutamic acid) One of these amimals died The antestinal
mucosa was markedlj congested and there were many ntranuclear

} m the epithelium of the ! mucosa No attempts

were made to tragsmit the virus

VooEL anp PrvkerTon (1955) observed the disseminated disease
10 three clumpanzees Inclusions occurred s the salvary pland,
adrenal costex and, tn one 1nstance, the myocardum Two of the
antmals were 1ll, one with diarthoea of two wechs duration, the other
wth petsistent drarchoea for t o months and frequent upper respira
toty infection

Seral transmusston of the virus with production of inclustons 1
the salivary glands 1n apimals of the homologous species was demon
strated for the guinea pig (KUTTMER, 1927), 2nd the rat, hamster 2nd
mouse (KUTTNER AND WANG, 1934, Kurmver 4np T'oNG, 1935) In
the exp of all 1nv sertal t for more than
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glands 1n titers of 10* to 10* No defintte correlation was obtamned
between viral titer and number of 1nclusions obsen ed

The chrontc subchinical 1afection m mice 1s comparable to that
1n young children 1n the persistence of virus in the salivary glands and
excretion of vitus 11 the saliva over long pertods Failure to recover
virus from urine of tice after the acute phase of the infection 1s 1n
contrast to the frequency of recovery of the human salinary gland
virus from the urine of chuldren over periods of months The finding
of mclustons 1n the hidneys 1n addition to the salivary glands n 8
percent of apparently healthy guinea pigs (MarKkHAM, 1938) suggests
that the behavior of the gutnea pig vitus may be more 2nalogous to the
human virus 10 this respect, than 1s that of the mouse

Preselance of antsbody 1n several stocks of guimea prgs While developing
the complement fixation test for the gutnea pig salivary gland virus,
HaRTLEY (1957) found that all the available commercial complement
contatned complement fixing antibody for the gwinea pig virns 1n
titers of 1 64 or above Therefore, serum from joung guinea pigs of
a stock apparently free of infecuon was used as complement sn all
tests 1nvolving the guinea pig virus The prevalence of antibody in
several stocks of gumea pigs was studied and corselated with the
presence of virus as mdicated by 1nclusion bod; formation (HARTLEY,
1957}

In a stock of guinea pigs with relatively low inadence of infec
ton no iaclusions were found m animals under § months of age
Before this age there was a low madence of complement fixing ant
body of low titer (1 8) and the frequency of antibody was lower 1n
ammals between the age of four weehs and five moaths than 1n
animals three weeks of age Thercfore, this antbody of low titer was
1aterpreted as residual maternal anubody

The majority of 1 bk or k
methods apparently took place after the fifth month of age, since
therewasa sig 1y higher incid: 1 fixing anubody
1n guinea pigs 8 months of age and older than 1n the vounger antmals
However inclusion bodies were only rarely noted

The age distnibution of inclusions and anubody was also deter
mined tn a colony with a higher 1acidence of patural infection In
thes colony detcctible mfcetion tended to occur carlier 1n life than 1n
the colony with a low icidence Inclusions wete not present n ans
mals less than four weehs of age Complement fiung antibody 1n Jow
titer, presumably residual maternal anubody, was present 1n 58 per-

£
e ofc
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intraperitoneal 1njection of the mouse virus, settal transmussion with
suspensions of these organs could not be accomplished

Hareey (1957) made a quantitative study of the multiplcation
of the mouse virus 1n the Iiver zad spleen following intraperttoneal
injection of the virus She demonstrated that a degree of multiplication
occuzred 1n these organs but the titer of virus, determuned 1n tissue
cultures, did not reach that required to produce a fatal infection 1n 2
subsequent passage The extent of muluplication was dependent on
the titer of the original moculum, the hughest titers being detected 1n
the livers and spleens of mice succumbing to acute disease following
1ntrapenizoneal mocelation of large doses of virus When 2 sublethal
dose of virus was injected tntrapenitoneally, virus was detected 1n the
liver and spleen throughout a period of 10 days but did not attain a
titer necessaty to produce a fatal infectton

Although a degree of multiplication of the virus in hepatic and
splenic cells has been demonstrated, the reason for the difference m
the behavior of the visus in these cells as compared with that 1n the
salivary glands 1s not yet clear

Experimental chrome subclinical nfection m e BRODSXY AND
RoOwE (1958) established a subcltnical infection with the monse
salivary gland virus 1n three week old mice from a colony free of the
spontaneous infection Thewr putpose was to study the chronic
infection mn mice as an experimental model for the human salvary
gland virus mfection The infected mice were maimntained for a year
and at sntervals during this time, two to four mice were removed for
study Mouth swabs, utine and submaxillary glands were obtamned
from individual mice, and virus 1solations on tissue culures were

attempted from these matetials Histologic sections of salivary glands
1

wetre d for

The fisst ssolatton of the mouse saltvary gland virus was oa the
eighth day after moculation and comaded with the appeatance of
vizus 1 oral swabs and of inclusions mn the submaxilary gland
Maumum titers of virus were obtaned from the sakwary glands on
the twelfth day, only at this time was virus recovered from the unne
After one year the submawullary glands of three muce were still posstive
for salivary gland virus and the two of the mice tested were excreung
virus in the saltva

Incluston bodies were most numerous dunag early stages of
tafection They were present in mice examuned at 60 days but not at
120 days or tk Ithough virus d to be present in the




{Cytomegalic Inclusion Disease) 201

Fanner,§ ,and Worsaci, § B Intranuclear and eytophasmc inclusions (“proto-
z0an like bodies™) in the salivaty glinds and other organs of nfants,
Amer ] Path £ 123-126 (1932)

Geier, G Uber die Erwachsenenform der Cytomegalte Frankf Z Path 64
r107-118 (1957)

Gooprastury, EW, and Tarsor, F B Concerning the nature of “protozoan-
Iike”cellsin certamlestonsof ifancy Amer | Dis Child 21 q15-421 (1921)

Harery, ] W Compatative studies of the human, mouse and guinea pig salivary
gland discase viruses, doc Diss (George Washington Univ , Washingron,
DL, 1957)

Hasrigy, JW, Rows W P and Hueawsr RJ Scrial propagation of the
gutnea pig saltvary gland virus i tissae culture Proc Soc exp Biol ,N 'Y
#6 281-285 (1957)

Hanuxes, W, Giroany, B R, Srepens, ], Litsie, R D, and Ferreaman,
G H Cerebral mvolvemeny with advanced periventrculae caletfication tn
generalized cytomegalic inclusion discase 1n the newborn, a chinico
pathological report of 2 ease diagnosed durng hfe ] Neuropath exp
Neutol 13 562-586 (1954)

Hupson, N P, and Markitam, F'§  Bramn to bramn transmussion of the sub
mavullary gland virus 1n young guincapigs J exp Med ss 405-415 (1932)

Jackson, L An turacellular protozoan parasite of the ducts of the salivary
glands of the guinea pig J ofect Dis 26 347 350 (1920) —A protozoan
parasite 1n the salivary gland of a dog ] mfect Dis zp j02-30y (1g2r)

Jesionsx, and Kiotemenocrou Uber einen Befund von protozocnartigen Gebil-
den in den Organen cines Feren Sunch med Wschr ;7 1905-1907 (1904}

Rurreer, A G Further studies concerning the filtrable virus present In the
submasitlary glands of guines pigs J ¢xp Med 76 935956 (1927)

Kurrver, A G, and Coik, R Further evidence conceentng the signuficance of
nuclear tnclusions as indicators of transmussible agents Proc Soc exp
Biol ,NY 25 537~539 (1926)

Kurrnes, A G,and TinG J Further studies on the submaglary gland viruses
of rats and guinea pigs J exp Med 8z 8o5-822 (1935)

Kuvrngr, A G ,and Wang, § H The problem of the signtficance of the mclusion
bodies found in the sahvary glands of infanes, and the occurrence of incle
s10n bodics tn the submaxtllary glands of hamsters, white mice and wild
rats (Perping) ] exp Med 6o 773-792 (19%4)

Lisscnitrz, B Untersuchungen uber die Atiologre der Krankheiren der Herpes-
gruppe (Herpes Zoster, Herpes genitalis, Herpes febrilis) Arch Derm
Syph, Bethn 136 428-482 (1921)

Lowenstery, . Uber protozoenastige Gebilde 1n den Qrganen von hundern
Zbl allg Path path Anst s4 §3 538 (1907)

Lise, $ A, and S, M G Electron microscopy of salivary gland viruses
1 exp Med ro7 623-632 (r958) —Electron microscope studses of eclls
Infected with the salivary gland visuses Bull N'Y Acad Sci, 1n peess

Marowvtrsciiko, E ,and Pueenxo, | G Etn Fall von Amcbenansteckung der
menschiichen Unterkieferdrase Arch Schaffs Tropenhyg 54 28-31 (1934)

Manciiers, A M The dugnoss and trearment of genenalied cytomegalic
inclusion disease of the newborn Pediatrics 17 270-283 (1957)



200 Sutrsn The Salivary Gland Vicuses of Man and Antmtals

cent of the sera of these young animals In ammals between the age

of four weehs and 8 months the freq of led
that of antibody, reaching an mcxdcncc of 33 percent After one year
of age the mcrdence of mcl d but that of compl

fixing antibody increased to 92 percent

Detectton of virus mn the salivary glands or saliva of guinea
pigs has not yet been correlated with the presence or absence of
inclusion bodies

The remarkable similanty between the subcliucal mnfections
man and anmals demonstrated by recently available lboratory
techniques should make 1t possible to use the animal 1nfections for
experimental studtes related to the pathogenests of the generalized
disease 1n man Moreover the salivary gland viruses provide excellent
models for study of viral infection of cells Thetr advantages 1n this
regard snclude thetr absolute species spectficity, the distinctive and
readily recognized morphologic changes which they induce 1n the
cell and the geadual progression of these cellular changes n tissue
cultures All the above features make these vituses worthy objects of
contmnued study
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Viruses of the Respiratory Tract

By Tuouas G Warp

Introduction

An interesting phenomenon has occursed among the resprratory
virologists during the past five years The unlization of new tissue
culture technees has demonstrated a Pandora’s box of agents which
has left this group of virologsts recling under a series of new ab-
b and has precip 4 (1, 20, 21, 22) after con-
fereace 10 an attempt to crystalize the knowledge avalable This
1eview 15 one of several seviews (2) and 1s an atempt to clanfy and
possibly summarize some of the information which has been gatned
dn such a short time

The search for the virus of the common cold 15 no longer con
sudered sophssticated, rather the erudite virologist now hopes that
he can keep the number of viruses which cause symptoms of the
common cold to a manageable size Certanly there are at least a few
dozen The change in emphasts has occurred 1 many Isborarortes
and more people are working on the causes of the common cold than
wese interested 1n such endeavors five to ten years ago The sym-
posium “Vicuses 10 Search of Diseases™ (r) 1s a classic example
which has resulted from the confuston One can list the adenoviruses,
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virus grows n 2 susceptble cell in the antertor nares, multiphes and
proceeds posterior into the nose wmvolving mote and more cells
untyf 2 sufficrent number have been mvolved that chnscal symptoms
-__.mnu_mmr..Ih:_.mdhne._nLth:,pasal_.n_;ucosa reported by many
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anetrsatss, keratoconjuncuvits, nonbacteral phagyngitis 1 chuldren,
phatyngoconjunctrval fever, and vral peumonstis (atypical poeu
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of diseases In discussing this point, ane needs to establish 2 theory
of pathogenests of the muld respiratory group of diseases

Certamly the pathogenests of influenza and the pathogenests of
pharyngoconjunctval fever are different as the production of disease
caused by adenoviruses 1 and z 1 small chuldren—a mild type of
upper respiratory infection—is infection of the nasal mucosa or con-
junctiva followed by generalized disease

Laboratory experimental work (4) with the fluenza virus has
indscated that the disease begins in the lower respiratory tract with
nvol of the bronchuolat epithel As the virus 15 released
from the cell, 1t 15 swept upward by the action of the cilia mvolving
more and more cells until the struated columnar epsthelium overlying
the cartilagenous broncht are reached These cells are infected and
give 1se to large numbers of virus particles with the result of systemic
chsease manifested after 2 to 5 days mcubanon persod

If one streaks the conjunctiva of a volunteer with adenovirus
type 4 on the left side, interesting phesiomena occur The left side of
the vol *s nose t ddened and nfl d with swelling
of the nasal mucosa, followed by involvement of the left tonsil and
the left stde of the throat Thus 1s 2 disunct clinical phenomenon
which one can obsetve for as long as 24 to 36 hours, after that the
night side of the nose becomes involved and also the right tonsil and
the night portion of the throat Thus has been referred to as “untlateral
expenmental respiratory discase” In thus instance, of course, the
cells involved, are the cells which are 1n immediate contact with the
vitus, the hntng cells of the conjunctival sac, the hinung of cells of the
nasal mucosa and those overlying the tonsilar 2nd pharyngeal areas
Drainage through the lymph system mvolves the satclite node anterior
to the auriculat appendage

Patsents often complamn of a common cold beginning 1n the
anterior pornon of the nasal cavity and progressing down the gespira
tory tree leading to 4 cough and finally mvolvement of the vocal
cords and then the chest area resulting tn mote systemuc disease The
two groups of agents noted above are different from one another 1n
clinical fi The locahizing symy are the running nose
and choryza which preceed the sy ymp 1n the ad us
infection wheseas 1n influenza these symptoms often follow the

systemic disease .
Ts 1t not seasonable to theorize that the pathogenests of many of
the agents cansing mild respiratory disease 13 about as follows? The
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of d.lstzases In discussing this point, one needs to establish a theory
of pat of the muld resg y group of diseases
Certanly the pathog of 1nfl and the pathog of
pharyngoconjuncuval fever ate different as the production of disease
caused by adenoviruses 1 and 2 sn small children—a mild type of
upper fespiratory infection—1s infection of the nasal mucosa of con
junctiva followed by generalized discase
Laboratory experimental work (4) with the nfluenza }mh,s..-
indtcated that the disease begins in the lower fesprratory
1nvol of the bronchiolar epithell As the virus
from the cell, 1t 15 swept upward by the action of the ctlra
more and more cells until the striated columnar epithelum
the carttlagenous broncht are reached These cells are 1n
gtve 1se to large pumbers of virus parucles with the result ¢
disease mamfested after 2 to 5 days incubation period
If one streaks the conjunctiva of 2 volunteer with
type 4 on the left side, 1nteresting phenomena occur The
the vol ’s nose b ddened and tnfl d w1
of the nasal mucosa, followed by volvement of the left
the left side of the throat This 1s a distiact clinscal pl
which one can observe for as long as 24 1o 36 hours, af
right side of the nose becomes involved and also the ngh
the right portion of the throat This has been referred to as
experimental respratory disease™ In thus snstance, of
cells involved, age the cells which are 1 jmmediate cont
virus, the lining cells of the conjunctival sac, the lntng of
nasal mucosa and those overlying the tonstlar and phary
Drainage through the lymph system mvolves the satelite n
to the aurtcular appendage
Patients often complain of a common cold begin
anterior portion of the nasal cavity and progressing dowr
tory tree leading to a cough and finally mnvolvement
cotds and then the chest area resulting 1n more systemuc
two groups of agents noted above ate different from or
clintcal manyfestations The localizing symptoms are the 1
and choryza which preceed the systemic symptoms i th
nfection’ whereas 1 influenza these symptoms ofter
systemuc disease
Is 1t not reasonable to theotize that the pathogenes
the agents causing muld resprratary discase 1s about as fllows
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1954 2mong children and adults who became 1il 1 the chnscal eenter
atthe National Institutes of Health 1n Maryland The authors described
the dlness as being chatacterzed by pharyngins, thinius, conjunctiv-
15, by cervical lymphodencpathy and by temp which ranged
as hugh as 104°

Ir 15 of nterest that these same type symptoms were produced
1 the early volunteer studies (6) by snoculation of the conjunenva
Several ilinesses reported 1n the past were very lkely pharyngo-
conjunctival fever One such outbreak (26) ocensred 1n 1943 and was
referred to by the authots as **Swimming Bath Conjuncuvins” and
another outbreak (27, 28) 1n Colorado 1 3953 which wus called
“Greeley Disease™” also represented adenoviras infections

After 1953 there were many outbreaks of conunctival fever
observed 1 Canada (29), England (30), Western Europe (31) and
Japan (32) and 1t 15 of intesest that of the onginal ourbreaks (33, 34)
all wete due to type 3 adenovirus wheteas the outbreah observed 1
Canada was due 1o types 7 and 14 (35) There have been spotadic
cases of phanyngoconjunctival fever wherein tvpes 1, 2z, 3 and 6
{23, 29, 36) have been 1s0lated

The titne of occurrence of the large epidenues of this parneufat
disease have been 1 the summer time (17, 28, 39, 31, 37-40), whereas
the  ess may be prevalent 1 the winter (11, 33, 41) but 1s nsually

rdermic In many instances the epidemics 1o the surtimer time
0 due to either sv,imming 1n lakes or swimmng tn pools,
ydy those mantamed by communities

Aewte Respiratory Dasease {3RD)

&, the Commussion on Acute Resprratory Diseases of the
cts Epsdemiofogic Board in order to attempt to clanfy the
ith respect to the many mild respiratory chseases offered
£ classification which was adopted at that ume The term
ory Disease was suggested for “a speafic disease
sngleortoa group.of clasely related agenrs”, and
4 the common cold, the.afebnle common cold and
n cold along with pumary atypical pricumonia as 2

ute respiratory diseases
t (16) of the adenovirus group of papers indicated
1y disease was caused by tvpe ¢ adenovirus 1n
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of diseases In discussing this pomnt, one needs to establish 2 theory

of pathogenesis of the mild respiratory group of diseases
Certainly the patt of

fl and the pathog, of
pharyngoconjunctval fever are different as the production of disease
caused by adenoviruses 1 and z 1 small children—a mild type of
upper respicatory infectton—is infection of the nasal mucosa or con
juncuva followed by generalized disease
Laboratory expenimental work (g) with the 1nfluenza_vinie e
indteated that the disease begias in the lower e
mvolvement of the bronchiolar eprthelum As
from the cell, 1t 15 swept upward by the action o
more and more cells until the strated columnar ¢
the cartilagenous bronchi are reached These ce
give use to large numbers of virus particles with f
drsease mamifested after 2 to 5 days icubation pe)
If one streaks the conjunctiva of a voluntec
type 4 on the left side, tatetesting phenomena oeey
the volusiteer’s nose becomes reddened and 1nflam,
of the nasal mucosa, followed by involvement of)|
the left side of the throat This 15 a distnct cly
which one can observe for as long as 24 to0 36 hr}
r1ght side of the nose becomes v olved and also ¢l
the night pottion of the throat This has been referr
experimental respiratory disease™ In thes mstan
cells 1nvolved, are the cells which are 1n immediar
varus, the bnng cells of the conjunctival sac, the lin
nasal mucosa and those overlyng the ronsilar and
Dranage through the lymph system 1avolves the sat
to the auncular appendage
Patients often complan of 2 common cold %

antertor portion of the nasal cavity aad progressing
tory tree Jeading to a cough and finally mnvolvem
cords and then the chest area resulting 1 more syste;
two groups of agents noted above are different fro
clinical fe ‘The Jocal ymp are
and choty z2 which preceed the systemic symptoms
wfection whereas n 1nfluenza these symptoms
systemic disease

Ts 1t not reasonable to theorize that the f
the agents causing muld respiratoty disease 1s
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In expertmental disease produced 1n volunteers (6), these agents
charsctenstically produce an infl of the cony a and the
submucosa of the nose, there 1s fever, sccompanted by follscular hyper
plasta of lymphosd tissues and enlargement of regtonal lymph aodes (7)
In infant 15, 1 fatahittes have been reported (8 1o),
but these are quite rare On oceasions severe eprdemuc kerato-
conjunctivitis may be followed by permanent damage to the cornea It
1s smportant to emphasize that these are the exceptions, however, and
that adenovirus diseases are rarely fatal (5) and are self hmited

The adenoviruses and the diseases which they produce gve the

p y virologist a justifiable sense of plish In 3 years
these agents were 1solated, the criterta outhned above were carried
out and an effectsve vaccine was demonstrated 4n volunteers (12) and
1n field epideriologic traals 1in mulitary recrutts (13, 14) No other
new group of virus agents were so charactenized so rapidly This
1ndicates that the new tissue culture applications are effective when
handled on a large enough scale to be used properly

The first reports (15) indicated that these agents were masked
infecttons of the adenoids and tonsils, this was followed shortly by
the demonstration that they were the ettologic agents for ARD (16)
and atyptcal pneumoruz i mulitary recrusts These reports brought
about extenstve studies of the attributes of these new agents as the
causes of disease 1 man The term adenovirus (17) was agreed upon
after confuston resulted with the use of several terms (R1, ARD, 2nd
APC) Other agents (18, 19) were reposted independently by other
workers but these have now been shown to be adenoviruses

Adenovisus Diseases
Plaryngoconpanctnnal Feer

This disease has 3 major chnical mantfestations—fever, con
junctivitts and phatyngitis, and these 3 manfestavions were first
obsecved 1 a laboratory infection (5) wherein type 3 adenovieus was
recovered from the throats and conjunctva of acadentally infected
laboratory worhers Because of the newness of the adenoviruses at
thus time, 1t was decrded to mvestigate other outbreaks of phatyngitis
and conjunctivitss, characterized by malaise and preaunicular lymph
node 1avolvement The first outbreak of these was described (24) 10
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studies (56) quickly established that classieal EKC i Suitzerland,
Germany, Italy, Austria, Japan, Canada and the United States were
caused by adenovirus, type 8 and the crtena indieated above could
be carrted out by the reproduction of the typical llacss (7))
volunteers with this agent Other eye-diseases particularly those of a
conjunctviuss nature have been reported as caused by this group of
agents Surveys on pattents (zg, §8) with follicular confunctivitss seea
1n Ophthalmologic Cliates d rated that 32 strais (29) of
adenovituses, namely types 2, 3, 7 and g were able to be ssolated from
eyewashings of 55 patients with thys disease, whereas another author
(18) reported 13 1solatons of types 2, 3 and 6 from 27 pattents with
conjunctvitss of a follieular natuse 1fi the United States Chrldren tn
Saudt Arabia who had acute conpunctivtus yrelded (59) 12 strains of
adenoviruses, particularly types 3, 7 and 8 Ths study 1s of interest
because 3 new types of adenoviruses were also demonstrated 1n the
cyes of these children and they have now been designated as types 15,
16 and 17

One author (60) has attempred to distingussh the corneal lestons
which have been observed m the cases of follicular cogjuncuvius
from those of classical EKC on the following 3 ponts 1 that the
lestons of EKC are subepitheltal while those of pharyngocon) al
fever are epithel.al primanly, z the corneal changes which occur 1
pharyagoconjunctival fever appear at the same ume as the conjunctival
changes while the conjuncival changes 1n EKC may be delajed as
long as a week, and 3 there may be more permanent corneal damage
1n the EKC infections than 1n the ordinary follicular conjunctivatts

Aeute Febrsle Pharyngitis

This particular disease was shown 1n carly studies (5, 51, 61) t0
be caused by type 3 adenovitus and o the basts of several mnvestiga-
ttons by many authors, types 1, 2 and 5 appeat as the adenovizus
1nfections most likely to produce this particular group of diseases
In a fanuly outbreak (62) 1a the United States, the type 2 vieus was
sndicared as the euologic agent and other workers (63, 64) were able
to produce acute febrile pharyngus v olunteess using types 1 and
Other 1nvestigators (36, 51, 65) have demonstrated that types 1, 2
and 5 may produce a type of nonbacterial pharyngts In the well
planned epidemrologic analyses (11) of an orphanage nursery neat
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the investig m d g that phatyngocony ! fever,
acute febrile pharyngitis folliculac cony s and  eptd
keratoconpunctivins were disttact diseases and could be dilineated
with the volunteer under experimental condittons

Further the volunteers were utihized tn testng expenimental
vaceines (12 and then demonstrating that the level of anubody
d ble in the lating serum was inversely related to the
production of disease 1a these 1ndividuals

One of the primary problems in volunteers has to do with the
production of objective disease which may be seen by any observer
and even by the volunteers themselves One of the most smportant
advances made 1 the group of adenovtruses tafections has to do
with the fact that the 1nvestigators were able to demonstrate (6) that
congunctival 1noculation, that 1s by swabbing the lower conjunctiva,
sesulted 1 2 distinct and sateresting conpuncttvitis sfter § or 4 days
and that this confunctivitts was an objective disease that could be
demonstrated to one's satisfaction Studies of 2 coded nature where
1n the chintcal observers were not aware of the type of tnoculumgnen
to the volunteers resulted n data of 2 high order of magartude, when
this type of 1l duse was employed

P

Adenoverns Varewner

The first tune that adenovirus vaccine was shown to be effectve
was in 3 volunteer expeniment (12) utihizing formaln macuv:mf
type 3 varws and thus study was subsequently foll b i
field touols of simiar prepared vaccines m mibitaty secruuts The
vacanes, gtown on monkey kidney, are formalized and filtered 1 a
simylar manner 1o the methods employed n the production of polio
myelttis vaceine The subsequent studies (13) showed that aa expert
mental vacaine contarning types 4 and 7 was cfficacions, partsentacly
in preventing ARD i mulitary recauts In onc study {13) it 13 of
interest that sigmiicantly few of the sespiratory dlinesses occurred
i the vacanated group, mamely 4 8% ,whereas those 1n the un
v d group were hospittlized at the rate of 23 3% !

Types 3, 4 and 7 were successfully employed (14) 1n 2 trivalent
vaccine amongst Naval recrusts at the Great Lakes Naval Tramng
Center in Illtnots and not only was there a sigmficant protectian against
ARD but there also was a signficant protection agaiast prenmonias
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Cultures along v ¢, the Ftologic oneg that are k50 seen 0 monkey
€Y culture e Juanutagyy,e aspect of ncutmb.zauon Procedures
d

S5 Yablsty

Adcnovxtuscs M3y be storeq at about 4o 2 for long Perods of
Ume (6, g they ean accept the PH range from , o 10 they
are very Stable with Tespect to By lon concentraygy The dcstrucnon
(69) of adcnovxrus type 315 accomphshcd by greas fapudity by chlogne
and the ifactivargy, Tates ape csscnuzl]y those Seen for Selmonetyy
Yiphosa They arp also activateq (12, 1 3) by formulyy 2 concengr,
tons from, T 400t0 4000 2nd 1y thys Istance ¢ Antigenrciry 1 not
affected |, has beey dcmonstrated howevar [
rc!auvcly unstable (10 cov

Sege

By, technie of electron nuv:rophotcgraphmg Sections of tnfected
Hela cells, Workerg (71-75 ) were able to ndicate that the adenovypyg
had 2 gy,

Particles diamerer Of the ardey of so¢9 6, S, Whergas
Other Workers (. ) 82 Vartety of different kinds of Procedures
such zg 8radaco] Membrane gy, 003, electron SCOP} of the
Uramum shadoweq buttfied vyp Pseudoyo, sedtmentapyon
technes, ndicated Stmates of 51,0 Tange from go o, Hltmicrong
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centfuging technics have shown that most of the infections virus
1s 1n the cyroplasm of the cell whereas the cytopathogen:c and stamning
evtdence would tndicate that most of the viral replication takes place
1 the nucleus

Within 24 hours after moculation there is seen 1n the nudens
of the Hela cell a small osmuophtlic body (82) which 1s usually
surrounded by a clear zone and these ate ordinanly Feulgen negative
Howeser as ume passes these inclusions become basophilic and
Feulgen posittve (g0, 91) and the nucleus 1s ultimately destroyed after
1t becomes enlarged and distorted The nclusions inctease t size,
become quite densely basophulic, and are 2 strongly Feulgen positive
mass wheteas the remainder of the nucleus 1s vaculoated to 2 large
degree Sometimes the changes may be different with duferent types
of adenovirus nfection, for instance, types 3 and 4 produce 1ncluston
bodies which appear crystal ike particularly 1n the clear zone of the
nucleus and there may with these 2 types be reticular masses which
ate somettmes partly Feulgen posttive, and then become basophshic and
produce 2 large Feulgen positive nclusion body The different kinds
of changes by types 1, 2, 5 and 6 are seen to be essentially rdentical
but those with 3, 4 and 7 are different from the first 4 viruses noted

Theze 1s a sumulation 1n the uptake of P 32 (92) and glyane by
HeLa cells mnfected with adenovirus 2 within z hours after inoculation
and 1n additton there is an increase 1 the production of lactic aud
within 8 hours Other workers (g3) have demonstrated that the
ncrease 1 aced production was also accompanted by an mncrease n
the utilization of osygen along with an accumulatton of alpha keto
glutanie, pyruvic and acettc actds These are several fashions mn which
these authors try to explatn this increase but they state that 1t may not
be due altogether to viral synthests but actually may be 2 type of non
spectfic response which is scen 1n cellular mpury

If one studes the infected Hela cell with the electron microscope
(71, 72, 73, 94 95, 96), he 15 likely to sec a charactenistic type of
change 111 the nucleus of the cell Shonly after infection there appears
3 the suclens osmuophtbic granules which are noted m amorphus
type areas and the nucleus begins to undergo defirutrve changes which
ate capable of beung measured Shortly after the formation of these
parucles and matertals, there 152 ctystalline atray of the \tcus partcles
formed 1o the nuclens and these seem to arrange themselves m 2
lattice like formation By ingentous use of sections from the same
cells, workers have wndcated that the imutial amorphus matersal 15
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produced no oncolysis (99) and 1n general only 2 very small amonnt
of virus was recovered There appears to be an ihibition of fumor
growth with type 3 virus when 1t 1s mixed with the tumor suspension
prior to moculation in H Ep 3 tumor (100) as reported by other
lﬂVCS(IthOIS

It 15 obvsous that oncolysis has only begun to be studied with
respect to adenoviruses and it may be that a spectfic virus may need
to be ascertained for each speatfic pattent 1n order to study this effect
with greater accuracy

Epedenmsology of Adenorirus Diseases

There have been several reviews (3, 48, 101, 102) of the epidemio
logy of these discases and this report will aot discuss this phase 1a
considerable detail

Jt would appear that sex (34) does not have any influence of the
childhood mfections, however, 1t seems that type 4 iafections are
more prevalent 1n 2dult males (51) than 10 adult females on serologic
evidence The age and geographic factors are somewhat important
because there 15 a high prevalence of types 1, 2, 3 and 5 1 tnfants and
children whereas types 4, 7 and 14 are seen 1 mibtary recruits in the
Unted States and 1n Holland It would appear 1o some of the eastern
countries, particularly i Japan, Saudi Arabta and Egypt that type
8 1s qute prevalent 1n chuldren Further studies along these lines
need to be done It would appear that adenoviruses do not spread
rapidly 1 schools as stmilar to the fashion 1a which Coxsackie,
ECHO and polto vituses tend to spread, but the adenovizuses do
spread readtly 1n the home and they spread quite distinctively an
orphanages, 1 hospitals and mn summer camps Tt scems that the
Intimate type of exposure necessary for easter dissemunation of sorme
of the viruses 1s quite prevalent in mulitary recruits centers

One of the epidemiologic featuzes which should be emphastzed
has to do with the sntation of the mucous membranes, either those
Linung the nose or conjunctival sacs For instance, 1n the studies in

! (6) 1t was d d that follicular conjunenivitis and
phatyngoconjunctival fever could be produced defintuvely n adule
susceptible indinduals of one swabbed the virus onto the conjunctiva
25 noted above However, 1f one gave the virus by dropping 1 1 the
nose or spraying 1t, the diseasc was nothing like as defimtive and




1 o
cniddse® put ¥ oo’
e B0
?“\m()“
Jate P £ "
e e (w8
" Gt Yy
gecc?!

50
(oM ©
Lo el
a2y ™
Lo 0T B
e
ameke® e
sl



224 WaRD  Viruses of the Respiratory Tract

of HA virus (hemadsorption) are able to grow rather pooarly 1n eggs
(110, 111, 112) and tissue cultute 1solatton 1s the method of chorce

While the antigenic composttion of the Sendas, CA and 2 types
of HA viruses have not been letely ct 1zed, 1t 15
that they share a subgroup anugenic relationshup (110, 11 341:63 with
Neweastle disease virus and also mumps virus It 1s obvious that
mumps virus has a common antigen or several anugens wath Sendar
virus and also with Neweastle virus

Recently 1t has been suggested (117) that these agents be reclasst
fied as the paranfluenza group of mysoviruses Paramfluenza type 1
prototype becomes sendat and hemadsorption virus type 2z, para
nfluenza type 2 becomes CA virus and paranfluenza type 3 15 HA,
type 1 virus

Sendar ( Parainflyena 1)

The Sendar virus was recovered by Japanese workers (118) by
the tnoculation of mice intranasally who used autopsy matenial from
cases of pneumonttis in infants There was some question as to
whether these 1solattons were valid because 1dentical agents (119-121)
have been recovered recently from nosmal mice It seems however,
that suffictent information 1s now at hand 1o support the contention
of the onginal authors In the first place, the evidence 15 fauly con
clustve that if this material 1s fed to a volunteer (118) there 1s 2 pnen
monitts produced and further 1n another volunteer (122) a speaific
antibody level was produced to the agent i low titer The demon
stratton of the § crterra menttoned eatly i this review, have not
been completed however

There was a faily extensive outbreak reported (123) 1 Viadt
vostok 11 Russta which 1ndicated that this agent was associated with
1nfluenza A One of the difficultres with thus report how ever, has to do
with the fact that the eptdemic was not sufficiently studsed from the
Iaboratory posnt of view siace onfy § virus strains were solated and 2
total of 11 sets of sera were examined One rather nterestinig correlary
to this epidemic was established (124) a year later by the examunation
of sers from tndividuals m different portions of Moscos and, also,
from sera of indrviduals who had been 1ll 1n Viadivostok and 1t was
demonstrated that the anubody to the Sendat virus was present i
those indsviduals residing 10 Vladivostok whereas those 1n Moscow
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One of the interesting properties of this agent in addtion to 1ts
ability to hemagglutinate red cells and to grow rather poorly 1n the
embryontc sac of the chicken embryo 15 a type of syncytial cyto
pathogenic (110) effect which this agent 1s capable of producing 10
buman amnson eultures 20d i monkey kidney It appears to be quite
distancttve and oft tsmes 1s similar to that which one sees with mumps
wvisus, with which CA shares a common antigen Fusther study needs
to be done with this group of agents and mote 1solates with more
serum antibody studses should be carried out It would be of interest
of the cnitensa mengioned 10 the early part of this review could be
completed with respect to the CA group of agents

Hemadsorption Virnses (HA)

Two types of this group of agents have been recovered (111)
during the recent years Type 1 was tecovered from 3¢ children, 8 of
these children were suffering from either pharyngits or broncheol
s or pneumoma and Were all hospitilized Twenty seven of the
1ndividuals from whom type 1 virus was recovered were mvolved m
an outbreak of respiratory disease 1n a nussery The group of agents
get thetr name from the fact that when guinea pig cells are added to
the monkey kidney tissue culture the guinea pig sed blood cells are

adsorbed to the monkey kidney cells giving a typrcal h:madsorpuox;
- A D

tion tcchx;u:, many viruses mught have been mussed However, one
should note that the hemadsorption ph (130) 15 ch 1stic
not only of these agents but 15 also charactenisic of other members of
the myzovatus group as well Also, one need not use only guinea pig
cells but the red blood cells from a variety of other spectes (132) may
also be employed

Volunteer studies (131) with HA type 2z yrelded mteresung
results 1n that an ncubation period longer than the usual oge 12 the
expesience of the authots led to the release of the volunteets at tl;e
sixth day after moculation and within 24 houts, § of the ndividuals
snoculated with HA type z had become1ll Resolation of the volumcc}:s
followed this episode and chasactenstic disease with rsolation of the
virus and an mcrease 1n serologic titer resulted Interestngly :nouE .
approximately 6 days after the men i the stud) became 1li, 8 othes




WARD Viuses of the Resprratof? Tract 227

mdmdu:\s nthe snsutunon notnthe stady REE€ Manh pemadsorP”
yon tYPe wiruses own b jsolanon and seru™ antbody pses 1
thes® mdmdua\s

s 1 and tP® 2 viruses age disunct from ©OR¢ anothet and
aeutraliztts cests MBI that they 3¢¢ not cacalasly related except
hat they shate 2 comp\cmcnt frang anuge® The HA agents 31¢
ehated 1O Sendal qruses but they 3¢ mugema\\ ausunc fo™

an

snfluenza S from CA Newaastle Airuses and from mumps

Other Ne» RespiratoTd VVsruses Ruspirat?d S)mml varus ( ccA)

Thusagent was first ssotated from < anzees{13 3) andthe niuals
cCA stand fot* Oﬂmymz:c Cory?> A ent” How ever, the name TS
puratory $y0<Y yal w2s suggcslcd secently SHREE cCcA would appear 10 be

100 festrict veas these agents & etually 10VO sed an on
The 1€ 1ratory s)nqu:\ 1ndieate fact that the agent ¥
252002tE 1t respirat gy trac easc & hat the § 1al type ©
qmpnhoy, 1c! ﬂcu\susprcdom ant eff roduced ssoccdl
al of mpanzees Lelded this agent 18 U woal
report concetn A wth the annov! ent of the AscoVETY € thus ac¥
i 1 s ha e virus 10
ther b (reamaftet they cwell tfone inoculates panzecs
intranasally ath ussue culture mRLEF a, there 3¢ « shiatss and
othet €O’ cold type S8 s ed after tely 3 4338
sneubation e The first ¥ where® hese 20T 1e con
ctncd 1! man dis¢® cat th the & tatzon © he natenal

< 15 Widespred 1 that o O°F cests fOr the peatralizinf
antibody (138} on¢ finds that alf of he ctdee? under 2 years of 288
ossess s anubody and npp(oxlm:tc\ three foutths of the cldgen
at the 388 of 3 yeurs have beeht cxposcd 1o this annech Turthets 1t

was demon® cated (b scroloft hods that gesprratory
syncyu! t g o fecons 1 1nfant! nd s 1 chuldren 3
Maryland (134) 17 e wintet © 19 19% body afic for
has grovP en ks d v g ofu naduals auending 3 outpanent
Jispensary <hen e8! Y red m 1 . study
stated that 43”™ £ the chaldsen ho W hos‘\m\u:d non

o
ynfections 15€ases ',xc\dcd a mise s AV
Last pecentlys evnidence has et obumed (139) which sndicates that



228 WarD  Viruses of the Respiratory Tract

13% of a resprratory disease which 15 niot nfluenza like and was not
caused by adenoviruses occurred among the United Nations troops
and the etiologic agent was thought to be related to CCA

Further study needs to be done with the frespiratory syncytial
group of agents and 1t would be helpful 1f volunteer studies could be
done to assist in the clinical characterization of the disease

JH and 2060 Viruses*

Recently newly recognized viruses have been recovered from
persons with quite muld respiratory disease and suffictent data seems
to be collected to warrant their inclusion 1n this review

The first viruses were solated (136) from approxmately 20
1individuals of all ages and 1n all seasons of the year and these 1llnesses
were charactertzed by malatse, by coryza, a mild sore throat and a
very low grade fever These tndtviduals were diagnosed as ordmary
common colds and the authors state 1n their first report that approx-
mately 20% of all individuals over the age of 8 years have neutralizing
antibodies 1n their serum One of the difficulties with this agent was
the fact that as 1t was 1solated 1n monkey kidney tissues 1t required
several passages before typteal cytopathogenic effects were demon-
strable 1 most laboratortes In the eatly report, sufficient evidence
was not forthcomung of an epidemtologic nature to accept the JH
virus as the cause of respiratory illness

In 2 subsequent paper (137) a vaccine prepared 1n monkey kidney
cultures was teported and 1t was stated that neutralizing antibodies
were produced by this vacane and further that the vaccine prevented
1llness due to this virus There were 50 vaccinated and so wnvaces
nated control children and 26 common cold type illnesses were seen
in the study group It 1s of extraordinary interest that 23 of the 26
indviduals occurred 1 the controls and there were only 3 were 1 the
vaccinated group The neutralizing antibody rise was of a fourfold
greater nature m 2o of the 26 indviduals

Further wortk 1n other laboratoties on this agent have mdicated
that by repeated passage o monkey kidney, one may be able to
produce a type of disease 1t volunteers, 1n some laboratones (138),
but 1n other laboratories (139) the results leave a good deal to be

* 3 “2060” virus has been found to possess the propertics
of an enidrlol::usx,“::d:: been classified as the prototype stratn of ECHO virus,

type 28
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13% of a tespiratory discase which 1s not influenza like and was not
caused by adenoviruses occurred among the Unsted Nations troops
and the etiologic agent was thought to be related to CCA

Further study needs to be done with the resptratory syncytial
group of agents 2nd 1t would be helpful if volunteer studies could be
done to assist 1n the clincal charactertzation of the disease

JH and 2060 Virases*

Recently newly recognized viruses have been recovered from
persons with quite mild respiratory disease and sufficient data seems
to be collected to watrant their inclusion 1n this review

The first viruses were isolated (136) from approxmately 20
sndtviduals of all ages and 1n 2ll seasons of the year and these illnesses
were characterized by malasse, by coryza, 2 mild sore throat and a
very low grade fever These indtviduals were diagnosed as ordinary
common colds and the authors state 1n their first report that approxt
mately 20%, of all sndividuals over the age of 8 years have neutralizing
antibodies 1n their serum One of the difficulties with this agent was
the fact that as 1t was ssolated 1n monkey kidney ussues 1t requited
several passages before typical cytopathogentc effects were demon
strable 1n most laboratortes In the early report, sufficent evidence
was not fortt g of an ef ! nature to accept the JH
virus as the cause of respiratory illness

In 2 subsequent paper (137) a vaccine prepared 1n monkey kidney
cultures was freported and 1t was stated that neutralizing antibodres
were produced by this vacaine and further that the vaccine prevented
sllness due to this virns There were so vaccnated and jo unvaca
nated control children and 26 common cold type illnesses were scen
1n the study group It 1s of extraordinary interest that 23 of the 26
individuals occurred 1n the controls and there were only 3 were 1n the
vaccmated group The neutralizing antibody sise was of 2 fourfold
greater nature 1n zo of the 26 individuals

Further work 1a other laboratories on this agent have indicated
that by repeated passage in monkey kidney, one may be able to
produce a type of disease in volunteers, 1n some laboratoties (138),
but in other laboratories (139) the results leave 2 good deal to be

* Edutors’ note The 2060 virus has been found to possess the propertics
of an enterovirus and has been classified as the prototype stramn of ECHO virus

type 28
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desired In the next few years, the data to support or disprove w hether
JH 15 elated to mald resptratory diseases wall be forthcoming

‘The 2060 agent was tsolated (140) at the Naval Medical Research
Unmt No 4 in Great Lakes, Ilunots from Naval recruits 1n 1934
Ths agent has been shown to be related by human volunteer studies
{138) to the JH wvirus, it grows slowly 1n monley kudney cultures
and the monhey kidneys often must be prepared 1n a special fashion
1n otder to secure the passage of the agent One of the problems with
thus agent has been that 1t too fails to produce disease in volunteers
1n one laboratory (141) and does produce disease i the hands of
other workets (139) The serologic surveys conducted by the ongtnal
authors indicate an increase in neutralizing antibody with increastng
age of children

The ongmal authors conclude that the evidence suppotung an
etiologic relation to resp y disease s { and they did
not rule out the possibiliy of a coinadental infection

One of the prumary problems with studying the zo6o and the JH
agent has to do with preduction of a suntable antigen for carrying
out serologic procedures 1n the study of these diseases 1n humans
Also, a reference serum of good potency would be helpful

Coe Virus

This agent was 1solated in Califormia (142) 1n recent years and
has been demonstrated by serologic and by 1solation technics to be
related to mild respiratory disease Sufficent data on thus virus has
not been carried out however to justify its acceptance as yet as a new
member of the respiratory virus group

Summary

With the advent of new technics, of tissue culture, with the use
of hemadsorption procedures, the deselop of the comg
fixation and neutralizing anubody technics, the tespiratory virus field
1n the past 4 years has begun to be clanified more than any tme 1n the
history of medical science The cateria mentioned 1a the early part
of this review, if carried out, are definive for the establishment of new
agents of disease and would, 1f utihzed, lead to somewhat less con
fusion thaq 1s curtently available with respect to some of the newer
agents
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The techmes for dagnosing these diseases are fairly simple and

there 15 no season why they should not be employed n the routine
hospital diagnostic laboratory to assist the chnucian tn determumng
the role of the new agents in reproduction of spectfic diseases

One aspect of this group of diseases which has not been empha-

sized 1n this review 1s the clinteal nature of the illnesses produced
It cannot be emphasized sufficiently however, that the illnesses should
be defined very carefully by good clintcal studses because only 1n
thus fashion can one hope to secure adequate mformation to define
the tllness problems in the field of muld respiratory disease

[
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