


LABORATORY TECHNIQUE

FOR THE

STUDY OF MALARIA

By
PERCY G SHUTE
MBE FRES

and

MARJORIE E MARYON
FRES

Maigrua Referenice Laboratary Horton Surrey

Foreword by
Sik GORDON COVELL
CiE MO DRu
Aduser on Molora 10 the Mustry of Health

WITH 25 ILLUSTRATIONS

J4 & A CHURCHILL Itp
364 GLOLCESTFR PLACE. FONDON W 1
1960



Th's book  p otected under the Borne Ca vemion It ma ot be
podiced by an man i wl ! orinp twih
Aoplcot on wit regord 1o reprod u "ot be'add wed 10 h
P b

© 1 & A CHURCHILL LYD 1960



FOREWORD

Tue of syphilis by Dy &
Austria by Wagner Jauregg sn 1917 was first used w Great Bntam
m 1922

in the following year on the advice of Lt. Col 8 P James
Adviser of Tropical Diseases to the Mumstry of Health 1t was
decided to provide faciities for the routine treatment of neuro
syphilttic patients by malaratherapy throughout the Usried
hangdom  From 1913 to 1925 batches of mosqntoes caught as
adults from buildings 1n the low lyimg aress of hent and Essex
wese fed on patients suffering from induced malana w vanous
hospitals mostly i the London area  The mosquitoes were then
taken to the Mumustry of Health i Whitehall indovidualy from
each batch being dissected from time (o time until sposozostes
were found tn the salvary glands  Requests from hospualy were
then met by taking wfected mosquitoes to them and allowing
them 1o feed on the patient requinng malanatherapy

With the wereasing demand for nfective matertal ths make
shuft arrangement proved unsatisfactory and 4t was then decrded
to estabhsh a special malana Inboratory w the grounds of a mental
hospital  The Manor Hospital at Epsom which had been used
for the treatment of tropical diseases during World War I was
first considered as a focation but siace tins was now occupied
exclusively by mental defectrves another hospital  Hoston
sttuated 1 the same area was eventually selected A smatl villa
s grounds contaning 12 beds was taken over as a treatment
centre and two rooms 1w i were fitted up for laboratory work
Mr P G Shute who had been James s asustant since 1918 and
tad previousty worked in the laboratory of the Manor Hospatal
under James and Ronald Ross has been in charge of the Horton
Laboratory stace its meeption

Tor the fast 21 years he has been assisted by Miss M Maryon
who has been o author with lom of & number of smennific

pepers

In order to fulfil the funcuons of the laboratory 1t has betn
necessary nof only to mfect mosquitoes but 1o heep them ahive
for severat weeks beyond the tme when the sshsary glands
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become ifected so that they may be transported to hospitals 1n
any part of the country and used to infect patients requinng
malariatherapy It has also been necessary to breed and maintain
large numbers of mosquitoes 1n the msectaria so that they may be
available at short notice when patients undergoing malatiatherapy
are found to have gametocytes in therr blood

The practice of malanatherapy has rendered 1t possible to
study in detanl the natural course of primary attacks of malarea
non immune subjects and of refapses and a wealth of chncal
material has become available for research 1 chemotherapy
parasitology pathology and immunology Advances have also
been made m the study of mosquito ecology and of malana
carrying properties of different species of mosquitoes from many
parts of the world

These activities have involved the use of a large number of
techmques both for the establishment and mantenance of
laboratory colontes of mosquitoes and for the study of the malana
parasite 1n all ats phases 1n the mosquito and the human host
In some cases new techniques have been evolved while n others
some modification of an evisting techmque has led to tmprove
ment 1n the results obtaned

It 15 the purpose of thus book to describe the techmques which
have been 2dopted for routine use 1n this laboratory The authors
do not clum that all these are onginal but merely that they or
the modifications introduced by them have proved useful in their
hands They are aware that other methods are used by other
workers which may be of equal value or even superior to those
here described  If they have not been mentioned it 1y erther
because the authors have not tried them or having tried them
have not found them entrrely satisfactory

I am confident that the techmiques described 1n this book
representtag as they do the results of 35 years of experience of
laboratory and field work will be of great practical value to
students of malariology and to all those engaged 1 the study of

mnsect borne diseases
GorpoN COVELL



PRFFACE

Tuis book has been wnitten as the result of numerous requests
from workers 1n various parts of the world many of whom have
been given facihities for study at vanous periods since our
faboratory was established 33 years ago
During this pertod more than 13 000 patients have been infected
with one or other of the four species of human Plasmodia
nvolving the use of some 100000 mosquitoes most of which
were bred in the laboratory The monkey Plasmodwm P
hnonlesr was also used to mfect a lumited number of patients
durmg the peniod 1934-33
Pertinent references are cited at the end of each section and
the utles of a number of other papers published from this
laboratory which contain details of special techmques are hsted
at the end of the book
PGS
M M
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SECTION 1

PREPARATION AND STAINING OF BLOOD FILALS

Glass shides wsed for making blood films

Stibes known to the trade as half white are satisfactory 76 mm
® 25mm (31n X 11n) % O-B~1mm thick with ground smooth
edges 1t 1s essentral that the shdes used for both thin and thick
films should be grease free scratch free clean and dry 1f ashde
15 greasy a thin film will not spread evenly and a dried blob of
blood will peel off a thick film during the process of staming
We find that with new shdes all that 15 required is to wipe them
with a clean cloth and pass them through a mixture {equal parts)
of ether and methyl alcohol For used shdes we find that soaling
them 1n 259 lysol for a few days removes the old film  They are
then thoroughly rmsed 1n hot water to remose all traces of lyso)
then soaked for a day or two 1n 1/ teepol agam thorouthly
rinsed tn hot water and dned with a clean grease free cloth  Some
shides retain thew transparency for a long time but some become
foggy and mottled with brownish patches which cannot be
temoved because the discoloration 15 10 the glass and not on the
surface  these should be discarded

THIN BLOOD FILMS
Technique of making thin films

After cleaning the pad of the finger or lobe of the ear the skin
should be wiped dry  Puncture the shin with a straight tnangular
surgseal needie and wipe off the first drop of blood A bead of
blood for a thin film should be no Lirger than the head of a pin
If a shde 15 used for spreading the film see that 11 1s 8 thin one
and has a smooth edge  Contact of the shde with the bead of
blood should be at an angle of 45 deartes and the Him should be
made by pustung the spreader away from the blood  The aim i
makint & thin film should be to have the corpuscles only one deep
the cells should almost touch one another but not orertap  Good
thia fitms cannot be made 1f a thick shide 15 used for spreading the
flm f the drop of blood 1 100 larse or f the blood has been

)
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spread 100 rapidly  The shde used as a spreader should have a
smooth ¢dge otherwsse gaps will occur m the fim

Lesshman stam
METHODS OF PREPARATION

There are three methods of prepanng the stan—

(1) 035 gm of dry crystals are placed s mortar smalt quan
faties of methyl alcohol are added and pounded with the pestle and
the supematant find 15 poured into 2 clean dry bowle of hard
glass with a ground glass stopper Fhen mote alcohal 1s added by
degrees until all the erystals are dissolved and finally made up to
100 ml Statn prepared in this way 15 ready foruse within 24 hours
Lesshman stam should never be filtered

(23 100m? of methyl alcohol 15 poused 15ta the bottie and 0£5
g of crystals added  Several times throughout the day the bottle
contuning the stan 15 rocked o prevent the dye settlmg and
sticking to the bottom of the contasner  The stawa 1s ready for use
within 3 or 4 days

(3) D13 gm of crystals are reduced fo posder with pestle and
mortar  Small quantities of methyl alcohol ate added and the
mxture s surred with the pestie Further methyl alcoho! bemg
added untd the 100 ml ss used when all the dye will have been
absorbed  The stam 1§ ready for use withm an hour It will be
found that 2 small putty hike residye remawns but this can be
removed and discarded

Of the above methods of prepasing Lesshman s stun we prefer
No 3
For demonstrating the supphng in host cells of all species of
mammalian malana parasues Leishman § stan 3 exeellent pro
viding the correct techmque 18 employed (James* ¥ Unfor
tunately however there 1s considerable vartation m the qualty
of different brands of Lesshman stan and therefore samples of
cach should be tried unt the best 1s found  Foc stainng srslsrr2
parasttes Leishman stam should always be prepared m the
Iaboratory and never prrchased m solution  The dye keeps
mdefimtely and we are stiil getting satisfactory results with stam
prepared from dry erystals purchased over 20 years ago W are
aware that in the tropics Leishman stain 15 not now extensively
used a1 Ieast not 1n malana surveys There ate several seasons for
this  The prepared st does not keep very long at hsgh tem
peratutes AL 27 € 1t deterjorates m a week or 190 Howeser
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at 16 -17 C st retains sts full statming properties up to one year
some techmical knowledge 13 required to obtain the best fesults
and 1t 15 not as switable as Giemsa for field surveys  After many
years of trials and experiments with this stain we believe we have
evolved a techmique which grves consistent results and that for
staiming malana parasttes and the stippling 1n the host cefls i
thin films Lewshman 1s the best of all the Romanowsky modifica
tions  Qur techmique of staining 15 as follows

On a shelf on the night hand side over the laboratory sink we
keep a 5 litre aspirator of distilled water  On the same shelf we
keep a jar containing two standard tubes of phenol red pH 70 and
pH 72 a cordite tube marked at Smi onc 50ml drop botile
containing a filtered saturated solution of lithium carbonate and
another contaimng 0-02 / phenof red  Before beginming the day s
work we test the pH of the distilled water 1n the aspirator by
runming off 5 ml of water and adding 0 S ml of phenol red If
the distlled water 15 acid a few drops of Juhium carbonate are
added until the pH repisters 72 Some 1s then poured into a
152mm (61n) diameter petnr dish exposed to the air and rested
on the laboratory bench for 15-20 minutes If at the end of this
time the pH 15 neutral the water 1s ready for use but if 1t 15 acd
more lithum carbonate 1s added to the distilled water 1 the
aspirator and the procedure repeated  (As a rough guide when
10 drops of Ithium carbonate are added to 5 bitres of distilled
water the pH 1s neutral ) Sometimes depending on the amount
of CO;, 1n the atmosphere it may be necessary for the distilled
water 1n the aspirator to have a pH of even 801f 1t1s to have a
pH of 7-7 2 after being exposed to the air for 15 minutes whick
1s the optrmum time for stammg a film  1f the distilled water used
for dduting the starn becomes acid within a few minutes of
exposure to the atmosphere on the laboratory bench the films
when flushed off at the end of the stasming period will be pink
Such films seldom show stippliag of the host cells and moreover
the cytoplasm of the parasite 1s poorly coloured  If on the other
hand the water 1s 100 alkaline {over 7'6) at the end of the staining
peniod the film will be blue with consequent poor staining of the
chromatin - The stippling Wil either be abseat or only faintly
seen To the naked eye a washed fitm should be of a faint greyish
bronze colour A satisfactory test is to look at the granules of an
cosmophile lencocyte If the staiming solution 1s neutral at the
ame of washung off the fifm the eosinophife granules will be a pale
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greyish colour  If the solution has become acid the granules will
be bright pink and 1f 3t has become alkaline the granules will be
deep blue For hematological work eg differential leucocyte
counts workers often prefer a pink coloured film But for
optmum demonstratton of malaria parasites the red blood cor
puscles should be mconspicuous by comparison The parasites
arethen ly displayed morpholog) agamnst the greyish
bronze coloured host cells

The 1mportance of the pH of the distilled water for staming with
Leishman cannot be over emphasised  This 1s illustrated by
Field and Shute*

Some workers use buffered distilled water but we prefer the
water to be adjusted to pH 7 2 with lithium carbonate only But
1t 18 not sufficient to adjust the distilled water to pH 7 2 without
taking other factors inte consderation For example 1 a
laboratory where there are gas fires or bunsen burners exposed
distilled water adjusted to pH 7 2 usually becomes acid withmn a
few minutes  Thes also occurs if all the Jaboratory windows are
closed day and might  We have tested this on many occasions by
staining one film m the laboratory and another 1 the open aic
For staining blood films we use a room where there are no coal
or gas fires or bunsen burners  For routtne work where films are
not wanted for future reference or class purposes a buffered water
at pH 7 2 will save a great deal of detailed work Tablets of buffer
salts sufficrent for & litre of water are now avadable However
1t 18 our expersence that films fade much more rapidly when the
water 15 buffered and also the colounng 1s not quite so vivid

METHOD OF STAINING

Put 6 or 7 drops of stan on the film and allow it to act for
15 seconds not more This 15 sufficient to fix the film and if the
stan 1s left longer than 15 seconds before diluting 1t especially in
hot weather evaporation brings about precipuitation and spouls
the film Add 12 drops of distilled water (pH 7 2) and thoroughly
mix the stam by gently rocking the slide The diluted stam 1s
allowed to act for 15-20 mimutes when it s flushed off by a stream
of distilled water  The flushing should occupy only a few seconds
otherwise there 15 a risk of washiag out the suppling especially
the Maurer s dots of P_falciparum mfections I very hot weather
3t 15 advisable to fix the film with one or two drops of methyl
alcohol and after 1t has dried stam as above
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For routne ewmmation a shightly acid or slightly alkaline
Laoshman solution will not present malara parasites from bemng
recopmised  But species dragnosts 15 more difficult espeially
with young trophozontes andin the absence of stippling  Another
imporiant Teason for the statning solution 10 be neutral at the end
of the stauming period 15 that 1t helps to prevent fading  For films
which are to be kept for class and demonsiration purposes i 1s
essentrat that the starune sotutton should be neutrat at the end
of the staning period  There are 3 number of so-alled neutral
mounting mediums on the market and probably alf are saus
factory under optimum conditions Yt when the questien as to
which s satisfactory and which ss unsatisfactory s discussed
among a group of workers there 15 often much disagreement
The reat reason for the disagreement 18 we beliese often over
Jooked because 1t may hase nothing to do wath the mounung
medwm but may be due to the film atself  If the film s pink
facd) st witt fade within a few weeks first the blue of the cyto
flasm and then the puak of the chromaun  §f the film 1 bhnsh
falkaling) then the chromatin will fade first foltowed Jater by
fading of the cytoplasm

1t 15 quite useless to altempt to presene fitms of ths hmd
whatever mountantssused  On the other hand of the diluted stam
15 newtrat at the end of the staming period and the film 15 then
mounted with a nevtral mediam it wifl often keep for years In
this laboratary we have blood films which were staned with
Lewhman and mounted in Euparal vert over 30 years ava (Stute’y
Some of these specumens ace stll shown at varsous Jaboratory
meetings and f fading has oceurred 381 impercephible The only
precaction we fake ss to heep the films away from heat and
oserlonz exposure to straag tcht

In our expenience Lashman stan s unsatisfactory for thick
films either when the drop of blood 1 first dehemoglabimsed
dried and staned or when Leshman 15 first dituted and the film
stained and dehemotlotunised at the same time as 15 usually
Practised with Gremsa statn - Althoueh Leshman 1 excelient fat
staang all mammaban madana patasites n thin flms and for
staning sporozones from the salpary glands o senes no
other useful purpose 1t 15 & poor stan compared with Giemsa
for the parasites of avian malara thuck films sections smears

of bonc marrow post mortem matenal and exoerythrocviic
parasites
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greyish colour If the solution has become acid the les
be bright pink and 1f 1t has become alkalme the graﬁﬁgsu w.l]“ l;lel
deep blue For hematological work eg diff 1
counts workers often prefer a pmk-coloured film But for
optimum demonstration ‘of malania parasites the red blood cor
puscl!:s should be mconspicuous by comparisan  The parasttes
are then ty dispt morph ty aga
bronze-coloured host cells phologallysganst the greysh

The importance of the pH of the distlled water for staiming with
Leishman cannot be pt his 15 d by
Field and Shute®

Some workers use buffered distilled water but we prefer the
water to be adjusted to pH 7 2 with hthium carbonate only But
1t 15 not sufficient to adjust the distilled water to pH 7 2 without
taking other factors mto consideration For example m a
laboratory where there ate gas fires or bunsen burners exposed
distilled water adjusted to pH 7 2 usually becomes acid within a
few munutes  Thus also occurs if all the laboratory windows are
closed day and mght We have tested this on many occasions by
staining one film 1n the laboratory and another 1n the open arr
For staimng blood films we use a room where there are no coal
or gas fires or bunsen burners  For routine work where films are
not wanted for future reference or class purposes a buffered water
at pH 7 2will save a great deal of detasled work  Tablets of buffer
salts sufficient for a litre of water are now available However
1t 1s our expenence that films fade much more rapidly when the
water 15 buffered and also the colouning 1s not quite so vivid

METHOD OF STAINING

Put 6 or 7 drops of stam on the film and allow 1t to act for
15 seconds not more This 1s sufficient 1o fix the film and Jf the
stam 1s left longer than 15 seconds before diluting 1t especially 1n
hot weather evaporation brings about precipitation and spoils
the film  Add 12 drops of distilled water (pH 7 2) and thoroughly
mix the stam by gently rocking the shde The diluted stain 1s
allowed to act for 15-20 munutes when itis flushed off by a stream
of distilled water The flushing should oceupy only a few seconds
otherwise there 1s a risk of washing out the stippling especially
the Maurer s dots of P falciparum fections  Invery hot weather
1t 15 adyisable to fix the film with onc or two drops of methyl
alcohol and after 1t has dried stawm as above
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For routine examunation & shightly acid or shghily alkalme
Leishman solution will not prevent malana parasites from bung
recogmsed  But species diagnosis s mose difficult especially
with young traphozostes and in the absence of stipphing  Another
mportard 1eason for the staining sohition 10 be newtral of the end
of the stawung period 1s that it helps to prevent fadmng  For films
which ate to e kept for class and demonstration purposes @ g
essential that the staung solution should be neutral at the end
of the staming perod  There are a mumber of so calied neutral
mountmg mediums on the market and probably alt are saus
factory under optimumt conditions  Yet when the question as to
which 15 satisfactory and which 15 unsatisfactory ts discassed
among a group of workers there 1s often much disagreement
The real reason for the disagreement 55 we beheve often over
Tooked because it may hate nothing to do with the mouating
medivm but may be due to the fim stself I the film s pik
{acid) it will fade within & few weeks fisst the blue of the ¢yto
phasm and then the pink of the chromatn  If 1he fitm 15 blush
{alkahne) then the chromaun wil fade first followed later by
{ading of the cytoplasm

1t 15 quite wseless 1o avtempt o presesve films of this kind
whatever mountant isused  On the other hand f the dibuted stary
1s neutral at the end of the staming peniod and the fifm 15 then
mounted with a pevtral mediwm st wild often keep for years In
this laboratory we have blood films which were staned wath
Leushman and mounted in Euparal vert over 30 years ago (Shute*)
Some of these specumens are stil shown at varous laboratory
meetngs and f fading has oceurred 1t 1s impercephible  The only
precaution we iake 1s o keep the films away from heal and
overlong exposure to strong bight

fn our experience Leshman stam s unsansfactory for thick
films either when the drop of blood s first dehmmoglobimised
dricd and staaed ot when Leishman i fiest dduted and the film
stamed and dehemoglobimsed at the same ume as 15 usually
practised with Gremsa stam  Although Leshman s exeellent for
stamning all reammatian malassa parasites m thea films and for
staming sporozowes from the salnary glands @t serves no
other useful purpose 1t is & poor stam compared with Giemsa
for the parasites of avian malara thick films sechions smears
of bome marrow post mortems material and evoerythrocyhc
parasttes
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Giemsa stam

Unlike Leshman stain  Giemsa keeps indefinutely 1n all
chmates It 15 easily prepared from Gremsa powder or from the
two azures separately

(1) Giemsa powder 38
Giycerol (pure) 250 mlgm
Methyl alcohol (certified purity) 250mt

) Azur 11 eosin 30
Azue U 08 o
Glycerol (pure) 250mi
Methy! alcahol (certified purity} 250mt

We prepare the stain by muang the alcohol and glycerol and
then adding small quantities at a time to the powder m the
mortar and ganding until all the colour 1s absorbed As with
Leishman crystals 50 1t s with Giemsa powder some brands are
better than others In our experience with several brands better
results are obtamed when the stamn 1s prepared from the two
azures instead of from the powder already mixed by the manu
facturers but why thus 1s so we do not know It 1s best not to
filter Gremsa staun for about a week after 1t 1s made up A putty
like resrdue always remams however thorouyhly the dye is
powdered 1n the mortar By leaving the mixture for 2bout a week
after its preparation before filtering the maximum amount of the
dye 15 absorbed by the glycerol and alcohol The prepared stain
should be kept 1n a bottle made of hard glass with a close fitting
ground glass stopper and kept away from strong light

After the films have been fixed for half a minute in methyl
alcohol or one minute 1n ethyl alcohol they are ready for staming
The dilution of 5-7ml stan to 100ml distilled water gives
cxcellent results Better results are obtained when the water 15
neutral rather than shghtly atkalime If the water 1s even very
shghtly alkaline the red corpuscles stain greyish blue but when
this happens 1t can be corrected by drying the film after staining
and then soaking 1t for a few minutes n normal saline buffered to
neutral

The stippling of all the four species of human malara parasites
can be demonstrated with Giemsa stam but 1t 15 not so vividly
displayed compared with the best that Leishman can do
Although we are able consistently to produce Ziemann s dots in
P malaree with Leshman stam we hase scldom succeeded with
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Giemsa even after prolonged stammg We find that for thin
films stamng wath Gremsa for 30 mrmutes gwves best results
{twice as Jong as with Lesshman)

Vehen filtos which are not wanted for future reference of for
Ieaching purposes ase to be stamed 1n large numbess for routime
¢xammation distifled water buffered to pH 70canbeused The
bulfer salts required are the alkatie and acsd phosphate potas
s dihydrogen phosphates and disodiam hydrogen phosphate
A buffer sofution which gnesapHof 721

Patasium d hydro,en phosphate KH, PO, 07 gm
D sodum bydrogen phasphate Na, HPO 10pm
Duststled water 1000 mi

The salution should be tested afier is prepacation and of
necessary 3 httle more of one or the other salts added Once 2
coreect pH g5 obtamed the soluton remans stable atmost
mdefimtely Tablets of these buffer satts can be purchased erther
for W3 mi or 1600 ml of water

Then ftes stamed for from 20~30 munates give optimum results
Thss procedure stains. ot only the parasite but also the stippling
Howerer 5f 5 dragnosis of mataria only s required the parasttes
ar recognisable after stumag for only 5 mmutes  After the
Staming penad 15 completed the film 15 Aushed with 2 stream of
ditlied water Thys should not be prolonged beyond a few
seconds because of the patasites are young trophozoites of P
Jolciparuny the colourtng of Mauter s dots may be washed out
1fthe fim 15 too blue we find 1t best to dry it and then soak it for
2few mimutes 1 norma saline buffered 1o neatrat

We recommend diuting Gremsa stan with distlled water
Which has 2pH of 70 bufiered of for routine work but for spect
NS which 1 15 mntended to keep for future reference or for class
work the distaled water should be brought 10 a pH of 70 with
an alkaline Teagent such as fithwm carbonate

Gremsa salne for g fitms
Pampana® was the first to show that Giemsa diluted with satine
£ve better resutes than Guemsa diluted with distilied water for
ek ims but he made no mention of thinfilms  Later Freld® 7
based hus capud method for thick flms on Pampana s findings but
o w20 dhd not mention thun films  §1 was qunte by aceident that
0 one occasion we used saline snstead of drstiiled water when
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making up Giemsa to stam some thin films When later we
examined the films (P tuav) we were surpnsed to see a type of
staning quite unhke our routine Gremsa stamed spectmens  The
uninfected red cells were sem transparent the leucocytes and
the malana parasites were deeply and beautifully coloured and
the stippling was so promunent that the granules could be counted

Later we were able to trace the cause of this unusual picture and
so we decided to carry out a series of tests with both thick and
thin films  (Shute®)

For staning thin films following fixation with methyl alcohol
1n the usual way Giemsa stan is diluted at the rate of 5-7 ml of
stan to 100ml of saline (085 per cent) The parasites are
nicely stained after about 30 minutes but best results are obtained
when films are stamed for one hour There are a number of
features about this method of starung ll of which appear to be
advantageous

(1) The length of time thin films are left 1o stain seems to be
quite immaterial (beyond the mnsmum of 30 munutes to 1 hour)
Beyond that time no changes occur and even when the films are
left 1n the stam for a week the preture 15 the same as when the
films are stained for an hour

(2) The pH 1s not very important at least providing the water
1s not acid  For example tap water s Just as satisfactory as
distilled water and films stained with tap water saline and flushed
with tap water are as clean and as well stamed as those with
distilled water The tap water we have tnied was the Jocal Epsom
main supply Bv the courtesy of the Epsom Borouyh Engieer
we are able to give the analysis

pH 72
Hardness Total 255
Free carbon dioude 18
Total solids 370
Alkalimty as calcium carbonate 245

A further series of tests were cartied out using a local supply
from the nearby town of Leatherhead The analysis of this

water 1s

H 91
xl:!ardm:ss Total 94
Free carbon diowde Nl
‘Total solids 155

Alkalinity as calciom carbonate 46
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Films stamed wath Gremsa and Leshman diduted with this
water are quste useless  1he red cells stan deep blue the parasates
are only famtly coloured and the whole film ts covered wath fine
granule deposits  Yet when this water 15 made saline the stamng,
sesults with Gremsa are quite good pasticularly when the pH s
around 7-74

For staimng fims m bulk thus method 1s excellent In fact we
have used the same selution of stait on 8s many as five otcasions
on the same doy stamng 2 hundred films with 100 m! of stam
The only disadvantage s that ail aue efforts to demonstrate
Maures s dots i P faloiparum have failed even after prolonged
stammg and when as a contzal these dots have been beautfistly
demonstrated by Lewhmans stun We have no explanation to
affer why this should be so

Houeter 1115 mteresting to remember that Maurer s dois hane
never as far as we are aware been demonsteated in thick films by
any method of stamng and we are therefore inclined to doubt
whather Mauter s dots of £ faleyarun and Schuflner s dots of
P nox are produced by the seme mechamsm {Shute and
Maryon®)

The reason why saline Ghemsa gives so mauch better Stasmng
vesults than Giemsa difuted with distidled water we do not know
Tt bas beea suggested by Sur Rackard Christophers that saline 13 2
better protesn sojvent than distitled water and that #t probably
remaves somethmg from the film which remams after treatment
with water

THICK BLOOB ¥HMS

Techmque of preparation

There 1s 2 tendency to make thick films too thick  The drop of
blood should not be more than twice or at most three tmes thie
size tequiced for a thin fiim  The blood should be spread fo cover
about three tsmes its onsgmal area and thus ts best done with the
cotner of another clean shide A simple test to ¢stimate the correct
thickness of 4 film ts to place the bjood over a prece of newspaper
wath small priot of over the face of 3 waich  The small prnt or
figures round the dal of the wateh should just be vistble  1f not
then the drop of bload 1s too thick 1 seen 100 clearly 15 oo
thin Some workers advocate a very thick film that has about 20
Ieucocytes per micro field (2 mm —~% 1 —~o#l mamersion leas
with 2 x5 or 6 ocular) Thus represents 20 to 30 times the



10 PREPARATION AND STAINING OF BLoOD Fiims

thickness of a thin film ~ We deplore this advice because (1) scanty
parasites especially P faleiparum rings could eastly be hidden
beneath a leucocyte (1) the drop of blood 1s likely to peel from
the shide durning staimng and (1) more ntensive and prolonged
search of each mucro field becomes necessary On the other hand
with an average of about 10 leucocytes per micro field the above
are not d  After the film 1s prepared 1t
must be put aside to dry 1n a horizontal positton and covered to
protect 1t from dust and flies
It s often stated that as soon as a thick film 15 dry 1t 1s ready
for staining  Tlus 1s not our expenience and we find that some
heat 15 required to ensure that the drop of blood will adhere to the
shide during the staining process If a thick film 1s to be staned
within an hour of taking 1t we put it on the top of the microscope
lamp where the temperature 1s 50 60 C and leave 1t for 7
mnutes Too much heat will of course fix the film and prevent
the heemoglobin from dissolving dunng staining  Thick films
which have been kept overnight 1n the incubator at blood heat
usually adhere to the shde (Shute!®)

Techmque of stamming thick films

There are four recogmsed methods of staining thick films all
of which we have used m this laboratory There 15 also a fifth
method JSB (Singh and Bhattacharu') which many workers
have found useful but which we have not This may be because
we have not mastered the technique but since many workers
have obtained satisfactory results we are giving the formula

METHOD 1 Stamng thick films with Giemsa stain diluted with
distilled water

The dilution of 5~7ml of stain to 100 ml of drstilled water
adjusted to neutral 15 used The blood films are covered with the
stam without previous dehezmoglobimisation and the stain 1s
allowed to act for from 20-30 rmnutes  The films ate then gently
flushed with distilled water care being taken not to let the stream
of water come mto direct contact with the blood otherwise there
15 a risk that the films will be washed from the shide  After they
have dried following staming 1t 15 best to soak them for a few
uinutes 1n saline 1o remove the surface residual stan and the
envelopes of the lysed cells These stam greyish blue and so
reduce visual contrast and make exammation tedious
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Merion 2 Gremsa stain diluted wath salne buffered o pH 72

57 ml stam to 100 mt satne {0 85 sodwum chlonde)
Statn for 30 munutes to 1 hour

Pampana! was the first to draw attention to the use of an
isotanic solution for difuting Gremsa stam for thick films  He
pomted out that levcocytes ang protozos were undama,ed and
that red cells Iysed more readdy than when distilled water was
used

The techwique 15 the same as that used for ordivary Giemsa
staung  The st ss dituted and thoroughly maxed and poured
0 the vesse] contamng the shdes  We use glass containers with
10 grooves which hold 100 mi  If than shdes are wsed gach groove
will hold two and these are placed back to back  thus cach
contaner will hold 20 shdes

The filens are starned for 30 minutes and the stam 1s then gently
flushed off 1n the usual way In P travand P ocale the stippling
58 widly coloured but as with alt ether techniques of staming
ek films of P falciparum  Maurer s dats are not seen (Shate
and Maryon® )

MeEmoD 3 Freld s stam®
This conusts of 1wo solutions

Solution: 4
Methylene blue tmed ¢ nal) 03
Ature t o5gm
D sad urn hydrogen phosphate (anhydrous) 50gm
Porassm dhydrogen phosphate 6.5 gm
Dist Hed wafer “00m!
Shnng
Eone togm
D s0d um hydrogen phosphate (anhydeausy s0gm
Potass um d hiyd © en phosphate 625gm
D sulled water 500 mt

The phosphate salts are dissolved and then the stam is 2dded
Leave for 24 hours and then filter

if the anhydrous salt ss not mvailable sodwm phosphate oryst
B8P (Na HPO, 12H,0} 12 6 grammes can be used
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Method of staiming
On the bench by the sk place 3 wide mouth staming Jars
0tmm x 38mm ¢m x Hm)

Number 1 Solution A
Number 2 Buffer (without stain}
Number 3 Solution B

{a) Dup the slide for one second 1n Solution A

(6) Wash off the stam from the back of the slide with distilled
‘water

(¢} Dip the shde 1n the buffer solution until most of the excess
blue colouring has left the fitm

(d) Dip the shde for one second 1n Solution B

{e) Wash gently for a few seconds with distilled water to remore
€XCess eosin

(/) Place shde film downwards 1n rack to dry

The chief advantage of this stam over ordmary Giemsa diluted
with distilled water 15 that the background of the film 15 quite
clean the parasites and leucocytes are sharply defined and the
leucocytes are not distorted A disadvantage 1s that by this
techmque films cannot be stained m bulk and though useful for
the clinical laboratory 1t 1s not swtable for field survey work
when large numbers of films have to be stained However asa
method of staving individual thick films 1t 1s a great improvement
on the ordinary Giemsa method

Because thick films cannot be statned 1 bulk by Field s method
for field sutveys 1t 15 better to stan with Giemsa diluted with
saline  With the latter method the background 1s guite clean and
the parasttes and leucocytes are more vividly coloured than they
are with Field s stam

METHOD 4 Field s method and countersiang with Leishman
(Shute'?)

It 1 only for convenence that we are describing this as 2
separate method the only difference from Method 3 bein, that
after the film has dried 1t 1s agtin stamed with Leishman exactly
as though 1t were a thin film Very beautiful results are obtained
and for special purposes the extra time and labour required are
well worth while The background of the film remams ‘I““;
clean the parasites are mtensely coloured and 1n P titav
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P oale the stipphng 15 stamed as vividly as m an ordimary thin
film Al our attemipts to demonsteate Maurer s dots by thus
technique have failed Ve are therefore meltned to the belhef that
st 1s 0ot posuble to demanstrate Maurer s dots 1 other than thm
films and only in these when the trophozoite has been attached to
the celt for some twae probably over 12 hours

Merwon § The J.§ B stan®
There are two solutions

Sotution 1
Me Licioal methytene blue 01gm
Potassm dichromate 0lgm
Sulphuric acad (¢ by volume) asm!
Potasswem hydroude (I} «~Oml
‘atec 100 m!
Solut n2
Eos n {#ater soluble) 1o
Tap aa ¢t 500 m

Method of starung thick films

! Immerse shde 1n solution | for 10 5 conds

2 Wash m jar contammg acidulated water (pH 6 2-6 6) for
2 seconds

3 Stan with solution 2 for one second

4 Wash 1n same gar {2) for S seconds

5 Immerse i sofutton 1 agam for 10 seconds

& Wash as above for 2 seconds or ull smear gives a pink
background (2}

7 Dry

JSB method of combmed staming

i Fixthe thin smear by dipping that part of the shide n a jar
contamimg methy! alcohol for a second or two

2 Dry thoroughty preferably by waving the shide i the air

3 Ymmerse the whole shide an sofution 1 for 30 scconds

4 Washn a jar contaiung auidulated tap water (pH 6 2-6 6)
Wath tap water 1 Delbi (pH 76 todcator bromo thymol blue)

PP ly 50 mg of sodrum dthyd phosp or 5 drops

of 3 acetic'or citric acid solutions for each 100 ml of water are
ﬂﬂotssﬂfy
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5 Stain with solution 2 for one second
6 Wash 1n same jar (4) for 4 seconds

7 Immerse in solution 1 again for 30 seconds (3)
8 Washasabove for 10 seconds or until the smear gives a pmk
background (4)

EXVFS -

© o~

1o
1
12

H

Dry
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SECTION 2
MISCELLANEOUS LABORATORY PROCEDURES

PREPARING BLOOD FILMS FOR DEMONSTRATING
EXFLAGELLATING MALE CAMETOCYTES
MATERIALS REQUIRED

1 Nests of petr dishes 88 mm (3} m } diameter

2 Filter paper

3 Trangular preces of 6 3mm (} 1n ) glass vod or tubing
4 Spint lamp

5 Glass shdes

Prepare five or six petr: dishes by mserting a Iayer of filter
paper accurately cut to fit 1n the hd and tm the bottom of cach
Uames?) Lay a triangular prece of glass rod or tubing 1n each
dish and moisten the filter paper with as much hor water as 1t
wilt absorb but not more  The filter paper should be wetted to
saturation at Jeast one hour before the dishes are fo beus d Take
the thshes and the siides to the bed of the patient accompanicd
by an assistant who will hold a separate dish ready for each blood
fitm asat 1s made  Clean and prick the finger make a him shightly
thicker than an ordinary thm film and at once breathe on it and
quickly lay it on the glass rod a the dish from which the assistant
has momentacly removed the id  The td s quickly replaced
and more specimens are prepared 1o the same way The dishes
must b kept quite level and taken to the laboratory without
delay (unless the temperature 1n the room where the specimens
are prepared 15 23 C or lugher) IF it 5s required 1o see the early
hanges n the process of exflagellatron remove a sude from a
dish at 5 mnute mtervals At 25 C exflagellation 1s completed
m 12-15 mmutes for P ruax and P ovale and 1a from 15-30
munutes for £ faletparum

After semoving the shde from the putrs dish quickly wipe the
under side of the slide on the back of the bard  Thus enabl s one
0 make sure that the blood film has not dried 1 11s still moist
Ppass the shide onee onty through the flame of a spinit lamp to dry
the film quickly  For special cytological studies mstead of passing

s



16 MISCELLANEOUS LABORATORY PROCEDURES

the film through the flame of a spint lamp  expose 1t to osmic acid
vapour for a few seconds If the film 1s dry when taken out of the
petri dish this 15 either because the atmosphere 1n the dish 15 not
sufficiently moist or because the film dried before 1t was put into
the dish  Such films should be discarded

Atmosphenc temperature 1s very important Below 15C
exflagellation does not occur at 16 <20 C 1t may take as long as
half an hour whereas at 25 C 1t occurs 1n 12-15 minutes  after
20 munutes free flagella and often fertlisation of the female
parasite can be seen

REFERENCE
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PREPARING SPECIMENS OI' OORINETES OR VERMICULES

Feed some anopheles on a patient whose bfood contams
numerous gametocytes the males having been tested for ripeness
(exflagellation) Select and transfer to a very small cage mosqui
toes which have gorged themseives with blood and heep them m
a room where the temperature 1s 24 —27 C and the humdity 15
relatively high (80 per cent) At intervals up to 24 hours remote
one or two mosquitoes and proceed as follows

Angzsthetise the mosquito and remove 1its legs and wins
(stunming the mosquito 1n the test tube will nearly always rupture
the stomach and spoil the spectmen because the blood wil) stck
to the mside of the test tube)

Dissect the mid gut 1 saline or Locke s flmd by micking the
chitin on both sides of the 5th or 6th abdomunal segment s0 a5 10
draw out the mid gut contaiming the blood clot without tearing
the wall of the stomach Cut away the malpighian tubules hit
the clot on 1o the pomt of a dissecting needle and transfer it to 3
drop of Locke s flud previously placed on another clean shide
about one inch from one end of 1t With the aid of the dissectin
microscope aganst a white background tear the clot so tha; the
blood becomes mixed with the Locke s flurd  The released blood
should be confined to as small a space as possible s0 BE ‘3
prevent any part of 1t from drymg  When the blood and the flus
are thoroughly mixed make thin films on clean shides 1n the S&:r}::
way as if the material were g drop of finger blood After ;
films have dred stain them 1n the same way as a blood fitm it
either Giemsa or Leishman



TECHNIQUE FOR DISSECTING MOSQUITOES 17

Search for cokinetes with the 2 mm (% 1) ot immarsion fens
The amount of salie used should be about the same volume as
the blood clot  Some drtutron but not too much s necessary
b cause the blood bewng semu digested and coagulated contains
much debns and if undiuted exammanon would be difficult
(Jamest)

1t should be noted that oolinetes wilt form m the gut of am
blood suckeng arthropod The very large culiune TFheobaldin
annulara takes at least twice the quantty of blood that 15 imbrbed
by most anophelines and we have often prepared as many a> 16
blood smears from the diluted stomach content of 2 T annulata
which had fed on a gametocyte carner 23 hours tarher for
demonstration purposes

REFERENCE
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TECHMQUE FOR DISSECTING THE SALIVARY GLANDS
AND STOMACH OF A MOSQUITO

MATERIALS P EQUIRED

Ordinary glass shdes 75mm x 25 mm {310 X 11m)
19mem (fm) No I square cover ships

Two bayonet shaped dissecting needles

Dussecting mucroscope

Ordmary mieroscope with mechameal stage removed
Test tubes 127 mm x 127mm {5 x tin)

Watch glass contaimng normal salme

Chioroform or etner

08~ O B N

Transfer the mosquito to be dissected 10 4 narfow test ube
and when the nsect 15 at the bottom rap the end of the tube
sharply agamst the palm of the hand five or six times  This 15
sufficicnt o stun the mosquito which 1s then removed to 3 ghass
side  Holding the msect by one wing temove the lees one af a
fime and afterwards pull off one wins  Return the mosquito 1o
the shide and with a dissecung needle cut off the remaimng wing
The nsect 1s nowd vord of wings and legs and eeady for dissectron
{Shuter)

Place the wnsect 1n the centre of a dry shde with the anterior
end pownting 10 the nght and with & needis m the night hand cut
off the head sharply and cleanly Place a drop of sahine (the suze
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of 4 pin s head) quite close to but not touchmg the anterior end
of the thorax The pomt of the dissecting needle held in the left
hand 15 gently but hrmly planted on the thoray Just below th

parts where the glands fte * With a needle 1n the nieht hand bring
gentle pressure to bear on the thorax a little above the left hand
needle  Very httle pressure 15 nceded 1o evpress the glands from
the thorax  As soon as this occurs touch the bead of saltne with

Fig 1 The dissection of a mosquito

the paint of the night hand needle and bring st into contact w»;h
the glands Next remove the mosquito and teansfer it ror ‘h:
watch glass containg the sahine to anat the disseution of ¢
mid gut

Trg:isfcr the slide contatung the salivary glands to the pla(ft‘nE
of the microscope and bring the specimen mto Focus with the c:’c
power (16 mm —3 1 ~lens) Reduced light should ai\\’vays‘bc
used and the glands should be n the centre of the shde ¥ h?ﬂd
#lands are i focus and in the centre of the mxcroscopu:] <
drop a 19 mm (1 ) square covershp on to them at an angle g
that one corner of the coverslip s over the glands and the oppas
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comner protruding beyond the shde The coverslip should be
dropped sufficiently heavily on to the glands to rupture the cells
without displacing them The object of applymng the coverslip
at an angle 1s to prevent the salne from becoming too widely
distnbuted and so make the examination easy and quick as the
glands and thetr contents are concentrated 1n a very small area
Focus the specimen with the 4 mm (} 1n ) lens and examune for
sporozoites

Instead of stunning the mosquito the mnsect can be anasthetsed
with ether or chloroform by dropping two or three drops on to
the plug of cotton wool covering the mouth of the test tube  This
15 preferable 1f the mosquito has blood in the stomach or contains
npe eggs  Care should be taken not to use too much chloroform
or ether otherwise some of 1t may wet the mosquito and cause
partial fixation and so make dissection difficult

To dissect the mid gut

If the glands have been dissected with care the remainder of
the snsect will be undamaged Lift 1t from the watch glass con
tamng the saline on to the centre of a glass side The msect
should be lying on 2 drop of saline with the thorax pointing to the
left Steady the thorax on the shde by transfiung it with the point
of the left hand needle  With the night hand needle mck the chitm
above and below on either side of the 6th or 7th abdommnal
segment  Gently pull the detached segments with the right hand
needle until the mud gut and the attached malpighian tubules
come into view Sever the alimentary canal sufficiently far
forward to bring away a portion of the fore gut If the correct
quantity of saline has been used the malpighian tubules will tend
to float backwards leaving the whole of the mid gut clear
Anchor the gut by placing the point of the left hand needle on
the fore gut and” with the right hand needle cut through the
alimentary canal at the junction of themid and hind gut severing
the base of the malpighian tubules at the same time  Remore the
hind gut and malpighian tubules so that only the mid gut (with
the attached ta,, of eesophagus) remams on the shde  Let one
edge of the covership rest on the slide but not in contact with the
stomach and the opposite edge rest on the point of the dissecting
needle which 1s then gradually lowered ull the coverslip comes to
Test an the stomach  If the stomach is lymng on too small a drop
of saline the weight of the covership will fupture the stomach cells
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and this will spoil the prep and make for
ococysts difficult  On the other hand 1f too much saline 15 used the
stomach will not flatten sufficiently 10 this case some of the excess
saline can be removed by holding a stup of filter paper agunst
the edge of the covershp

To examine for cocysts

Place the shde contaming the specimen on the platform of the
mcroscope and examine with the 16 mm (5 1n ) lens with reduced
Irght (1t 15 best not to use the mechanical stage but to manipulate
the specimen with the mdex finger and thumb of the left hand)
3f large oocysts are present they are easily seen with the low
power of the microscope  Failing this examine with the 4 mm
() lens and 1f no oocysts are seen examine with the 2 mm
(¢ m) ol immersion lens  For this 1t may be necessary to use
the mechanical stage of the microscope

Mosquitoes which are infected and kept at 25 C show oocysts
under the following magnifications

3-4 days 2mm (-in)lens X No 6 eyepiece
5-7 davs 4mm (}n)lens x No 6 evepiece
811 days 16mm (§in)lens x No 6 eyeprece

It 15 often easier to detect the very young cocysts 3-4 days old
than those which are about half grown In the very youne
oocysts the pigment 15 concentrated within a very small sphere
whereas in those which are half grown it 1s distributed over a
rmuch larger area of the cyst and much of 1t 1s obscured by the
dividing nucler  There should be no difficulty in detecting large
oocysts because their sporoblast or sporozoite contents are
prominent Reduced light should be used throughout

When large numbers of mosquitoes are to be dissected 1t15 2
good plan to have on the laboratory bench a farge sheet of white
paper and a prece of black paper about 152 mm (6 1n ) in diameter
covered by a piece of plate glass  For removing the legs and wings
of a mosquito a white background 1s helpful but for seeing clearly
the dissected tissue (stomach and glands) 2 black background 15
necessary  There should also be a black platform on the dissectns
microscope for the same reason  As regards the type of dissecting
mmicroscope  the simple model with a X 10 eyepiece and arm
rests appears to us to be quite adequate 1t leaves plenty of roon;
for manpulating the needles and the magmification 1 sufficient
for the tissues to be seen clearly  With this type of microscope
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we have frequently dissected 200 mosquitoes m a day without
undu fatigue We cannot see any advantage 10 using binocular
rmicroscopes for these dissections and after extensive tuals we
consider that they slow up the work and increase fatigue  How
ever the simple monocutar microscope mentioned above 15 only
157-203 mm (5-81n) high and when large numbers of mos

quitoes are 10 be dissected it 15 adwisable to rest the instcument
on a block of wood or other materal about 101 mm (4 m ) thick
to prevent having to steetch the neck at an awkward angle for
Jong periods 1t 15 also an advantage when carrying owt many
dissections ta have two small petri dishes each contaiming a wet
plug of cotton woo} one for the right hand needie and one for the
Ieft” Followng a dissection the head and proboscis of the
mosqaito usually adhere to the night hand needle and the ~xo

skeleton of the abdomen to the Jelt hand needle The wet phgs
of cottan wool enable ane quickly to wipe the needles

The dissecting needles

With practce almost any type of needle can be used but one
which 1s well designed facilttates speedy and clean dissections
The pattern we prefer 1s made of stamless steel bayonet shaped
with 2 sharp cutting edge and a rubber covered handl * Thisss
mportant because sf the blade becomes rusty the dissected tissue
willstick to 1t The edge of the needle ts sharp making it easy to
sever the tissue while the rubber holder epstres 4 fiem grip
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TO MAKE PERMANENT AND STAINED PREPARATIONS OF

SPOROZOITES AND INEFCTED MID GUTS

MaTERIALS ReQUIRED (FoR SPOROZOITES)

1 Leshman or Giemsa stan

2 Euparal

3 No 1 covershps 19 mm (] ) dameter

Before staming make a circle surrounding the specimen with a
blue grease pencil on the reverse side of the shde Thr makes 1t
¢asy 10 locate the spectmen when the time comes to examine it

This type of d ssecting needle_dess ned fo our spec fication 1s fmamy

B turcd by Ba rd & Tatlock L1d Chadwell Heath Essex and 1s catalogued
“The Shute D s.ectin Needle



22 MISCELLANEGUS LABORATGRY PROCEDURES

Fig 2 Equipment and arrangement for mass
dissections of mosquutoes

/

P—————
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Fi, 3 Pair of dissecting needles and potri dish
contaning a wad of wet cotton wool

e g ———

Fig 4



PERMANENT PREPARATIONS OF GUT AND GLaNDs 23

Sporozoutes stam equally well with either Letshman or Giemsa
The techmrque 1s the same as for blood films but 1t 1s smportant
that the pH of the distilled water be adjusted to neutralorpH 7 1
72 otherwise the nucleus and the cytoplasm will not be
prominently displayed

If the specimen 1y worth keeping mount it in Euparal vert with
al19mm (§ tn ) drameter No ! covershp

MaTeriaLs ReQuiReD (FOR Mip GUTS)
1 Sahne
2 Bles ficatne 90 ml 70/ alechol
7ml formalin
3ml acetic acid (glactal)
3 Mavers hemalum (Pantin' 1948) m 1000ml distilled
water dissolve I gramme hzmatoxyln
0 2 gramme sodsum 1odate
50 grammes potassium alum
Shake frequently until the solution 1s blue viotet (some hours)
add 50 grammes chloral hydeate
1 gramme citrrc acid crystals
The solution now turns red violet keep 10 a hard glass
bottle Mayer s Bap self d
stain  nuclel blue cytoplasm pink
4 Carbol xylol 30/ phenol dissolved m xylol
3 Canada balsam
& Coverslips No 119 mm (] 1n) dameter

8

Dissect the gut in normal saline 1n the centre of a clean shde
as already described Then proceed as follows

See that the gut 1s floating on the saltne 11t 15 sticking to the
shide 1t will rupture when the coverslip 1s applied  With 2 dissect
mg needle gently lower a 19 mm ({ 1n ) diameter coverslip on to
the specimen to flatten 1t 1f 1t 1s dropped on heawily the gut will
rupture and be spoilt  Wath practice the nght quantity of saline
Tequired to flatten the tissue witl quickly be learnt ¥ there s
100 much saline the gut will not be evenly flattened and if there 1
not enough it will rupture  Without touching the covership place
one drop of Bles fixative on the slide so that 1t will run under the
coverslip mtx with the saline and so begn the process of fiation
Leave for 2 or 3 munutes and then add another drop of fixative
After 5 minutes the specimen will be partally fixed and 1t 1s then

1
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transferred to 2 petni dish contamung fresh Bles to complete
fixation  Care must be taken not to disturb the coverslip Leave
for half an hour or longer and then remove the coversltp with the
aud of dissecting needles The petri dish containing the specimen
should be resting on a black surface so that the gut can be seen
clearly Hold the needle in the left hand so that 1t 18 Just touchmn,,
the edge of the covershp Hold the right hand needle at an
angle of 45 and very gently insert 1ts point between the covershp
and the side The needle m the left hand must prevent the
coverslip from sliding while the right hand needle gently raises
the coverslip In most cases the gut will be found adherng to
the latter If the gut adheres to the shide the covershp can be
discarded If 1t adheres to the coverslip continue hifting the latter
by keeping the left hand needle steady until the covershp turns
over with the tissue uppermost When fixation 1s complete the
gut will become opaque Transfer the specimen to 50,/ alcohot
for 15-20 minutes and then for about the same time mmmerse 1t
in shightly alkaline distilled water

To stan the gut

In our experence the most sahsfactory stam is Mayers
hemalum  If the stan 1s allowed to act for about half a minute
or less the oocysts are nicely stamned and stand out promunently
agamst the surrounding trssue cells  Most other hzmatoxylins
we have tried have not given satisfactory results because the depth
of stamning of both tissue and oocysts has been about equal
With Mayer s hemalum and also with Weigert s hzmatogyln
there 1s beiter differentration between oocysts and the surrounding
tissue cells We prefer Mayer s hemalum to Weigerts hazma
toxyln because 1t keeps better and it 15 not necessary to prepare
two solutions on every occaston

After staming the spectmen 15 blued 10 the usual manner and
taken through praded alcohols a few minutes in each being suff
cient To ensure lete dehyd the spy 1 placed 1n
carbol xylol for some mintutes and then given two or three changes
of xylol ™ every trace of carbol xylol must be removed otherwise
fading soon occurs the

If the gut 15 on the shde 1t 1s mounted n Canada balsam m e
usual way If however it 1s on the covershp it should

mounted as follows
A drop of balsam 15 placed in the centre of 2 clean shide and the
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coverslip apphed but with the gut on the upper surface Then a
further drop of balsam is placed on the gut and another clean
covershp applied  The reason for this 1s that the oocysts on the
upper surface of the gut are staned but not those on the under
surface

REFERENCE
1 PaNTIN C F A (1948) Notes on mucroscopial technique for zoolo ists
Unuvers ty Press Cambrid,¢

SECTIONING AND STAINING SECTIONS OF MOSQUITOES

MATERIALS AND SOLUTIONS REQUIRED (PANTIN')
Frxatives
Industrial methylated spirt 74 O P
Benzene
Methyl salicylate
Methyl benzoate + 1, celloidin
Methyl benzoate + 3 cellowdin

Fy $ Longitud mal sect on of infected mosquito  The gut s studded
with pocysts and some are free in the lumen



Fi, 6 Lon,tudinal section of 2 mavillary palp of A stephenst
shown,, masses of P trav sporozoites 1n the lumen

.

Fig 7 Transverse section of mid jut of A stephenst

showing large numbers of mature P tiax 0OCYStS

Speemen shows the remains of a blood meal taken 36
hours before dissection
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To sechion whole mosquitoes

Agesthetise the msectma 127mm X (2 7mm (31 x din)
test tube and remove its wings and legs  Hold the mosqusto By
one Wing and cemove the leps one 88 3 time and then one wing
Lay the insect on a Shde and detach the remaming Ring with a
dissectmg needie  (there 15 n0 need 1o puncturs the Mosquito to
enable the fixative and other flmds to peneirate}

Freamves
We find that the two followsng Bxaties gre satisfactory sesults
and do not nterfere with subsequent stang or cause brittleness

t Caagy s fieatice
€0} absolute 2t chat Gndustrial methylated spirt 240 £)
30mb chlosoform
10m! acetr acd (glacialt
Fis for 1 * houss 701 longer

2 8lex fratre
om0 atcohal

Tml formal n
Yl gcenc aend (ghaciah)
Fisfor 17 24 hours

A Transfer 10 90 alcohol {1wo chanses) and leave for 12
hours ar overmght

Absofute aleohol or 74 OF  Two chan_es at one hourly
mitervats

€ Methyl benzoate + 1 celiondin (12-24 hours)  {Pastint)
U necessary objects can be kept m C indefimitely A camet

haw brush s useful for tramsfertng the speamsn from one
salution to another

3

To embed the specimen

Dip 2 square corvershp v melied wax and after it has coohd
transfer 8 to & petn dish and 20d & farge drop of 3 cellosdin in
methyl benzoate sokutson on the centre of the waxed cosership
The eciordin blob should be targe enouch for the tissue 1o rest
quyte flat and well within the celloddn  Vath 3 small came!d hawr
brush carcfully ift the mosquite from the cellowdm i methyl
benzoate solution and transfer w10 the centre of the drop  Azain
with 3 smakt camet hase brush onertate the mosquito so that i 1s 1n
the posttion required for sectiomeg and then flood the coveashp
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with benzene to gel the cellodding This usually takes from
{-2 hours  After the wax on she covershp has dissalsed the spevt
men will leave the covershp  After a Further change w benzens
ettbed the specimen 1 paraffin wat (56 ~60°C)  two chanes af
one hourly miervals Block out i the usual way 1f when cuttng
the seettons they fail o leave the knife as 2 ribbon remove the
block and dip 1t 1n overheated wax at a fower tempesature cp
45 C But this 1s not usually necessary when the temperatare of
the room 15 21 ~24 C

“To prepare sections of the dissected gut

Carnoy or Bles are quite satisfactory for fxavion  If the
mosquito had a blood meal 36-48 hours previously and has not
completely digested it the gut keeps is shape and the dask colour
of the blood makes it easy fo follow the specimen through aff
the vanous sol and also for embedding and

1f Carnoy 1s used 30 munutes 15 suffiery 1 Bles is used
2-4 hours are necessacy  The procedure is then the same as for
sectioning whole mosquitoes  However considerable stretchmng of
the nissue occurs during the act of dissecting the gut When there
fore a gnt s to be sectioned 3¢ should after dissecson be floated
1 saline for about § minutes to allow the tissue to contract back
1o normal It can then be transferred 10 the chosen fixative

Demonstration of ockanetes m transit

To foltow up the various developments} pracesses Specimens
should be prepared at 4 houtly iterals beginmng 12 hours after
the wifective dloed meal and continumng for 48 hours  For this
study we prefer transverse seuhops of the whole mosquita sioce
owing to the stretchmg of the wall after a blood meal thete 15
atways a risk of damage 1o the gat duting the process of dissection
with consequent fass of part of the clot

Some of the ookinetes formed close to the gut wall will pass
through or between the celis and become pocysts 1 less than
24 hours though stll showing a single nucleus Others may be
seen at right angles to the axis of the gut m the act of penmangf
the wall Marked displacement of tre endothehal cells may

nefration

R L 1 zane of the clot do ot reach

Ooksnetes formed m the central
and penesrate the wall for scveral hours after those which happen

to be near st at the time of formation  Many of these become
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phagocytosed befare teaching the walt  Qokrnetes may be found
1n the tumen of the gut as Jate as 43 hours afier Ahe mfeciive feed
and on many occasions we have seen them in the feces of mos
quitoes especially in specumens callected 36 1o 43 hours after the
infectnve feed These findings may m part expiam why when
more than one specses of Anopheles are fed on the same human
host the number of oocysts seen in the smafler species ofien
cvueeds that found an the farger

We prefec Catnoy s fikattve whether for the whole mosquito
or the dissected gut Secttons may be statned ether with hema
tosyln or with Gsemsa  For demonstration of the nucles in very
young oocysts the modificanon of Giemsa recommended by
Shorit and Cooper? for stammg exo erythrocyic parasies is to
be preferead

Salnary glands

Sectians of the salivary glands can be prepared in the same way
as for the dissected gut However these are best displayed by
cutting longitudsnal sections of the whole mosquito

An mmportant advantage of this que 15 that il
dehydration ard clearing s obtamed without the wuse of xyjo!
alsa the tme requrced for the tssug to remain in absolute alcohol
15 quite shost by companson with other techniques and so therz
15 no risk of the tissue beconung brittle

Stamng

For statng sectians of mosqustoes with malarial 00cysts mell
matured Ehrhich s hamatovyhn 1s excetfent
v Stz with undituted Ehslich s rematoxylin for 30 minutes
for longer)
2 Wash i water (a few mnutes)
3 Soakinl HCIm70  alcohol {a few secondsy
4 Wash i runmng water for $-10 mnutes and then feave
for a further talf hour 1n water which bas been made alkahne
by adding a few drops of a saturated sofution of hithwm cacbonate
§ Upgrade malcohol 56 75 and 90 a2 few mmutes
tach
6 Counterstainin 001 alcoholic erythrosine 1S minutes or
fonter
7 Absalute alcoho! (industrsal spirt 74 O P ) for 15 minutes
8 Carbol xylol foc 15 mrnutes
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9 Xylol (two changes uatd clear) Al traces of pheriot must
be washed out by xylol otherwise rapid fadwg occurs
18 Mount m Canada balsam

The very thin coatng of celloidin which covers the stuhoss
seems not to interfere with the stanmg  If however 1t 1s con
sidered advisable to dissolve the cellordm before staming this
can be accomplished by passing the shde through a solution of
equal parts of ether and alcohol This of course should be done
alter passiag the specimen throngh absolute alcohol and after th
wax has been dssolved with xylol Nerther alcohol alone nor ether
alone dissolves the gelfed ceflordim 13 must be a mixture of the two

To demonstrate sporozoites in secttons stain with Gremsa
the techmique of Shortt and Cooper for statmng exo erythrocytic
Parasites i the liver gives good tesults 1648 «s wtended to stan
sections with Gemsa the fixative must not contan formabn
Although tissues treated with fixatives contamnng formakm do
not stain satisfactonly with any of the Romanowsky formulations
those fixed with Carnoy stam well with ali the hematoxyhns we
have tried and also with the Romanowsky formulations

It sometimes happens that when a mosquito 15 put into heatnve
1t fasds to sink to the bottom of the fiud  Usually the reason 15
that there 1 an arr bubble at the top of the underneath part of the
thorax  Unless thus »s dispersed the wnsect should be discarded
because the fixative and clearmg solutions will not penctrate

REFERENCES

§ pantiv C F A (1948) Notes on microscopreal techmigae for zooogests
Untversuty Press Cambndge X
2 Suortr H E Coopir W (1949) rans R Sor Trop Med Hyg 41 47

PREPARIMG SPECIVENS OF SPOROZOITES FROM
RUPTURING QQCISTS

Although the salvvary glands of a mosguuto may be heavily
infected specmens prepared from them seldom show more !ha‘ri\
2 few sporozattes per mucro field  As the result of dissecting an
crushung the glands beneath a covershp the fimd contatntng spmlvr
zastes 1s usually distributed over 2 fairly large area of the shde
however the specsmen 1s dissected dry and a smaft bead of saline x;
immediately placed on the glands which are then crushed wit
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only the corner of the coversip the sporozoites are concentrated
inavery smallarea By this method however only one specimen
15 obtained from each set of glands If numbers of specimens are
required these can be prepared from mature and rupturing
oocysts  The techmique 1s as follows

Feed a batch of mosquitoes on a good gametocyte carrier and
incubate them at about 25 -26 C  On the 4th and 5th day after
feeding dissect a few and examune the stomachs for oocysts If
the number of oocysts per gut averages less than about 10 the
batch should be discarded as unsuitable IF the ococysts are
numerous incubate the mosquitoes at 25 C untl the 7th day
after feeding and then remove them to & room where the tempera
ture 15 16 C  During this peniod they should be fed on 10
glucose soaked 1n cotton wool Reducing the temperature to
16 C slows down but does not stop the development of oocysts
Tt must be remembered that the number of oocysts per gut varies
enormously within a given batch of mosquitoes even when they
have all fed at the same time on a patsent in whose blood gameto
cytes were very numerous The following figures ilustrate this
pont

Twenty eight A maculipenms atroparvus were fed on a single
occasion on a patient whose blood contamned 850 exflagellating
male and 1920 female P tingv parasties

Re it of d ssections

Ser al number Qocysts Senal number Ooxysts
173 [ 1 [
45 9 18 113

6 15 19 129
7 2 0 130
89 31 21 19
10 3 K 15
il 65 23 184
12 68 4 b3d
n m 25 238
1 86 5 36
15 88 7 a3
16 % 8 738

On the 10th-15th day after infecting the mosquitoes dissect one
of two and exanune the gut with the 16 mm (§ in ) lens without
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applyng a lip to ascertam app ly the number of
oocysts  If they are sufficrently numerous agamn evamune the
preparation this tme with 2 4mm {§ ) fens stll without
applymg a covershp I some oocysts are rspe and tuptunng free
sporozottes wiil be seen moving about i the flud  Hawng
obtamed 2 speermen u this stage of development quickly prepare
2 dozen shdes as follows

In the centre of each shde put a bead of safine no farger than
thehead of apin With the aid of the dissecting needles mancewvre
the mud gut on to the tip of one of them and gently pass 1t 3 or
4 times through the bead of saline  In most cases it will be found
that the mud gut tissue will adhere 1o the pomt of the needle and
the procedure s then repeated uaui all the dozen shides have been
prepared 1€ the gut leaves the point of the needle while prepanng
one spectmen 1t can easily be picked up agam i 15 best to do
thus under the dissecting microscope agamnst a dark background
It 1s also @ good plan to add 2 small bead of fresh blood to about
Sl of the sahne which 1s used in the dsections  The red eells
make tt easy to focus the specimen whereas the sporozostes being
refractile  make focusing difficult even with reduced hight
After the saline on the shde has dned and before applying the
st encwrcle the specimen with a grease penail or dramond
marker on the reverse side of the shde  Unless the drop of bleod
1s added the specimen bemg sem: transparent 15 mot cleasty
wvistble even after staming  From a few mosquitoes with matute
and ruptunng cocysts many specimens of sporozostes can be
prepared  providing the oocysts rupture without artifictal
pressure  The sporazoites are as perfeetly formed as they are
when prepared from the salnary glands They are of cowrse
much more numerous and as we have shown (Shute!) they are
fective

Tt may be thaught that 2 more simple method would be to crush
the stomach beneath & covershtp and then to make several spect
mens from the emulsion  But ovcysts do not all develop at the
same rate so that crushing the stomach in this way wgug(:
praduce an abnormal picture  Some ymmature QOSysts woul "
ruptured and the specimen would show & pumber of stumpy an
immature sporozottes

REFERENCE
} Suume P G (1943) Jour ¢ op Med Hig 45 57
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SPECIES DIAGNOSIS OF HUMAN MALARIAL OOCYSTS
BY THE ARRANGEMENT AND DEGREE OF COARSENESS
OF THE PIGMENT

1t1s generally agreed that there are no discermible morphological
differences between the sporozoites of the four species of human
Plasmodia  This however 1s not the case with oocysts

The number of grains of pigment 1n an oocyst vares from
species to species as also do the colour of the pigment and the
pattern the pigment forms m the cyst (sec Figs 8-11) The patiern
varies from day to day during the growth of the oocysts an obser
vation which shows the great importance of a knowledge of this
changing character 1n species diagnosis  In addition to being
able to identify the species concerned one can also estimate
from the character of the pigment the number of days before the
oocysts would have rup\urcd taking 1nto consideration of course
the p That temp plays
a wital part In the ume rcqulrgd for the parasite to complete 1ts
development 1n the snsect host 1s too well known to need further
emphasis Itis however not so futly reahised how much variation
occurs 1 the time factor between different species at a given
temperature At a constant temperature of 25 C the parasite of P
inax completes its cycle in 9 days P faleiparuniin 11-12 days P
orale in 13-15 days and P malarie 1n 15-21 days  Itis interesting
1o note that the two Jess common species take the longest ume to
complete their development 1n the mosquito

There 15 no evidence to suggest that there are any differences
in the arrangement and degree of coarseness of the pigment of a
particular species of parasite 1n different species of Anopheles
The descriptions given by us are (rom studies carrted out with
wfections seen 1n Anopheles maculipenms atropartus and A
stephenst (Shute and Maryon')

It should be remembered that although quimne does not
stenilise the gametocytes of P faley arum some of the synthetic
druzs do so either partially or completely Mepacrine may cause
the pametocytes of P falciparum 10 lose their pigment without
sterilistng them  Qocysts produced from these pigmentless
gametocytes do not of course conform to pattern  Therefore
m areas where malana control includes mass drug therapy other
than quinme atypical oocysts may occasionally be seen
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Fig 8 The pugment 5, greenish brown but some of the granules re
darker than o hers and may be dark brown The granules are
unzyven an size and shape but are mostly n short rods “Fhe number
of gratules is between 50 and SO0 The completion of the cycle takes
only 9 days at a constant temperature of 25 C The pigment 15 fine
and because the graws are so numerous does not form any patiesh
10 very young oocysts (3 davs)  When the cyst has increased 1 suze
and 15 4 and § ddys o2d there 13 4 tendeny 10 3 patiern with the
pgment w cham formation often 1n thede hnes and sesembiine

Prince of Wales feathers By the siah day of growth maluple
division of the nucle will have obscured much of the igment and by
the seventh day only 2 few grams can be seen On the aghth day s

extremely diffi Lit 10 see any pigment
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Fig 9 The p gment 15 very dark brown and the granules thouh
N0t 50 large as 1 P f leypa um are larger than those of P £ rax
They compare fa ourably n s and colour with 2 mala 1+ There
are between %0 and 60 gra ns 1n an 0ocyst The completion of the
Cycletakes 15daysat S C A peculiar T ature of the p ement 15 s
tendency to form chains wh ch cross each other at npht angl s i
the centre of the cyst Ths is seldom if ever scen n any other
species and it 15 a good dia nost ¢ character 1t occurs 1n cocysts
from the fourth day of growth and 1s most pla nly seen on the s \th
foe ghthday From the cloenth dav omards ich of the  gment
obscured but some can usualfy be sce:
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NUMBERS DENOTE AGE IN IWYS
Fig 10 The pigment s almost bla k and the granules are rehtively
farge  The number of granules vanes between 16 and 20 The
complktion af the cyele takes 10 daysat 25 € The pigient 13 very
coarse and Sorms 2 polists Fhis 5 usually 8 double semicucle
axoted the periphery of the cyst bit it may be a small cucle i the
centre of the cyst of even a double straight cham  This 18 1he ussal
picture 10 oocysts aged 3-7 days By the enghth day much of the
pigment becormes obscured buf 4 few grains can usually br seet
Even on the tunth day when tiiere o< sparoblast formation odd grans
of pigrent are usually seen
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£t 11 Thepments ery dark brown and the granules are larger

than those of # tivax bus small r than th se of P fulc parem
There are seldom more than 30 granules and these vary cons derably
msize Durm the first 7 8 days of growth the p \ment 15 ¢ strt
buted over the cyst but from about the n ath day onwards it s
clumped and ts imvariably s tuated in a mass at the penphery of the
couyst E en in youny, oocysts a de,ree of clumpan, may be seen
and give the appearance of very large fumps of p gment which are
i fact_accumulated granules  The clumping of the p gment in a
small arca at the penphery of the cyst 15 of much d a nost¢ alue
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TOSITION DF MALARIAL QOCYSTS ON THE
STOMACHS OF MOSQUITOES
The distribution of oocysts on the gut wall vanes i different
specses of mosquitoes  161s dependent at least 10 some extent on
whether the secretion of the sabivary plands of a species of mas
qu to agglutinates the Ylood asdoalithe 4 #ucudipernis complex

o {’“ ﬁmﬂi\

» &d’.’l}:% ;:‘a ﬁ'
\S

"“‘? 3

Fig 12 4 stephen ¢ Oocysts dustributed o er the whole of the gut

orwhether aswith A stepliensi A gambizand many other species
the saluary gland secreton acts as an anticoaguiant (Shute!)

Usually in A maculipenmis most of the oocysts are confined to
the postenor two thirds of the gut (Fie 13y If however sm
medately after taking a blood meat the inseet s placed head
downwards and kept these for 43 hours (unti) the ookinetes have
penctrated the gut wall) the picture 15 reversed most of the
o€qsts being confined to the antenor hatl of the stomach (Shute?)
{Fip 18)

In those species of mosquitoes whose safnary glands do not



Fig 13 A maculipenms Oocysts confined to the posterior
two thirds of the gut

Frg 14 Most of the 0ouysts confined to the antertor portion of the
gut as the result of keepin,, the tsect head downwards for 48 hours

after the infective feed
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agglutinate their blood meals the oocysts are distributed unevenly
throughout the stomach  In heavy infections some eysts are often
seen at the posterior end of the anterior portion of the
organ (Fig 12)

However 1n all spectes of mosquitoes 0ocysts are more numer
ous on the lower half of the gut  This suggests that gravity 1s the
deiding factor (Huff>) It 1s not we believe due to any differ
ences 1n the varying degree of thickness of the gut wall or to the
presence of a p Js b as has been sug
gested (Buxton?)

REFERENCES
1 SHute P G (1935)Jou rop Med 38 20
—{1949) Trans R Soc trop Med Hyg 42 374
3 Hurr C.G (1930 4m J Hyg 19 123
4 BuxtoN P A {1931) Tans R Soc rop Alel Jhg 24 477

ROSS § BLACh SPORES

In the past 35 years we have dissected many thousands of
anopheles mosquitoes  The great majority were found to have
oocysts on the stomach wall or sporozoites in the salivary glands
but 1n about 10, no evidence of wnfection was detected  During
the whole period these negatne  mosquitoes must have
amounted to several thousands  yet we have never found Ross s
black spores 1n negatine mosquitoes dissected up to and including
the seventh day after the infective feed  The spores have been
found on n both hs and glands of old
mosquitoes tn which only very scanty sporozoites were detected

Qur observations lead us to believe (hat Ross s black spores
are the result of malara infection and that if on dissecting a
mosquito neither oocysts nor sporozoites are found but the spores
of Ross are present either on the stomach 1n the thoracic muscles
or 1 the salnary glands 1t 1s evidence of & previous infection
When these spores are found on the stomach they may be round
and mn a solid clump ot a bunch of small globular like bodies
often banana shaped and hight chocolate to nearly black in colour
But when they are present in the thoracic muscles or the salnary
glands they arc always banana shaped and of a diep chocolate
colour In our experince too the percentage of a batch mfected
with these spares 1s higher at particular seasons of the year In
A macuhpenms the hizhest percentage occurs i September and
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October (James!} at feast under laboratory conditions  We have
found them 1in mosquitoes infected with all four species of human
malania as well as in culicines mfected with avian malana  On
many occasions only a small percentage of a batch of A macuh
penms has become nfected when fed on one of our patieats
sulfening from P 1iav and we think it 13 sigmificant that where
Ross s black spores have been found 1n such circumstances it was
only in those showing erther oocysts or sporozoutes

Fig 15 Ross s Black Spores

As regards therr ongin 1t would seem that they are chmmxg
parasites  although some workers believe they are chitinise
trachee (Bruce Mayne ) If however they are chittmised p:\l\‘:
sites 1¢ Oocysts and sporozoites then it 1s possible that the
organisms descnbed by Mayne may be other than the true spores

f Ross
° When mosquutoes are infected with these spores they can often
be seen at the time of dissection with the dissecting m(cms\a&?p;
Permanent preparations of mfected tissue can be prelparzl chy
foung with Bles flud between the shde and the covershp cefty
draung clearmg and mounting in Canada balsam

It 15 best not to stam the specimen
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TECHNIQUE FOR COUNTING SPOROZOITES AND INDUCING
MALARIA BY INJFCTING THEM INTRAVENQUSLY

The transmission of malaria by injecting sporozoites tntra
venously was first practised by us n 1926 (James Nicol and
Shute) During the past 30 years hundreds of patients have been
mfected by this techmque and also from sporozottes from
Tuptuning oocysts which have not come into contact with the
salivary glands (Shute )

in 1926 on arnving at the ward of a certan hospital with a
Jar containing mosquitoes we were called to the telephone before
the mosquitoes had fed on the patients  On returming to the ward
about half an hour later 1t was found that an enterprising nurse
had put the jar of mosquitoes on the radiator to keep them warm
All were exthier dead ot mortbund and the problem arase how to
mfect the patients

Tt was deeided 1o dissect the salvary glands of some of the
moribund mosquitoes 1n Lockes fluid and inject them intra
venously This was carried out and all the patients developed
malaria withia the usual incubation period  Because it was found
1o be completely successful this method of mducing nfection
has been used ext ly and v bv other
rescarch workers on simian and avian malana

It 15 interestng to record that none of our patients has farled
10 develop malaria with any of the human Plasmodia following
wmyections of sporozoites from ripe oocysts or from the salvary
glands and none has had a protracted incubation period

The procedure 15 guite safe  The shides needles coverslips
and Locke s flusd are afl sterthsed but the mosquito 1s not because
of the nsk of kifling the sporozoites However on many occasions
Jeats ago when we were trying 10 culture sporozoites by disseeting
the infected salivary glands and mixng them with blood the
culture often remained free of bactenal contammnatton for
several days even thou.h no special precautions were taken to
stenlise the mosquitoes before dissections 1t scemed as though
the secretion of the salnary glands contamed some antibiotic
properies  Duncan® has demonstrated that a  bactenicdal
princtple occurs in both the gut contents and the frces of many
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Insects Including mosquitoes 1t seems hikely that this apples
4o to the secretions of the salvary glands of anopheles

Inoculation of sp p can be useful m several
ways In malana therapy the mjection of the salvary glands of
ope infected mosquito has always proved to be sufficient to mduce
mfection  For mass infections the pumber of sporozostes mjected
from the saliary glands of 100 wafected mosquitoes is at least the
equivalent of the brtes of a thousand  We have proved this on
several occastons in the following way

A mosquito was fed on a patient and allawed to gorge tself
with blood  Wathuin half an hour after feeding 1ts salnary glands
were dssected crushed beneath a covershp and a suspenston
prepared The sporozottes were then stained and counted If
the mosquite was heavily mfected (hundreds of oocvsts) the
number of sporozostes counted often exceeded 200000 The
vofunteer who was infected at Horton with P titay to demonstrate
pre erythrocytic parasites {Shortt er al ) was gnven an mjectien
contaming the salivary glands of 200 mosquitoes and a subsequent
count of sporozottes proved that at Jeast 15 000 000 were mjected
All the mosquutoes had fed an the volunteer a fuw hours carlier
thus proving that each mosquito after taking a blood meat sult
retasned about 150 000 sporozeites m ats salvary glands This
enotmous dose of 15 000 000 sporozostes must have contributed
to the numerical prevalence of pre erythrocytic forms whih
were subsequently found m sections of the hver

Each mosquito to be dissected 1s collected in a mlcss 127 mm
x 127mm (51im x 1m) testtube The head s cleanly
severed and the salinary glands are dissected by the techuigue
described 1n Section 2 As soon as the glands are dissected 2 drop
of Locke s fluid 15 broug ht mto contact with themt  The specimen
1 then brought into focus with the 16 mm (5 1n ) lens and a squate
covership 15 applied If the covership 1s dropped on the glands
farrly heavily and providing there 1s not (oo much Lacke s flud
the glands will rupture and release the sparozostes mio the flud
Exammation with the dmm (F1n) lens by reduced Light wil
quickly reveal the presence or absence of sporozoites 11 the spoto
zautes ate o be mnyected the coversltp 15 carefully hited from the
slide without drageteg 1t and a further drop of Lockes ﬂuxd‘ls
quickly added  The fluid 15 then drawn upma I mi or 2mi all
glass syringe and injected nto the anmal with as hittle detay as
passible  IF 1t 1s considered advisable to suspend the sp
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e serum this should be from the ammal to be infected or at feast
from one of the same Spectes It 15 howeser better to dissect
the plands m Locke s flurd than in serum because the sporozoites
are then more easily sucked wp into the synmge I 2 heavy
infectton is required 1¢ the glands of hundreds of mosquitacs
the matersat can be pipetted off mo narrow twbes untd the
dusections are completed  Thas calls for a comtined operation
with 3 or 4 workees dissecting as rapidly as possible with 2
roving techaucan equipped wath 2 syaage collecting the st
pensians as they become avalable  Because very little s known
about the longesity of sporozoites wn enher serum or Locke s
flmd 1t 1s best to mgect the sporozotes within an hour of dissec
non We do not know the exact chemical compostion of the
salivary glands of mosquitoes and although we have had one of
w0 patients who have developed fever and parasitemia mduced
by myecting sposozosies winth have Heen mn Lockes flwd for
24 hours befare being snjected we sbil do not know the percentage
of sparozoites which sutvived for this len th of e AR we do
know 15 that wn this parncular case a sufficient number suryived
10 nduce infection

Our techmque for counting sporozoaes 1s as follows

A 19mm (f in} square covershp 15 fived 10 2 clean stde witt
Canada batsam  The salsvary giands of @ mosquite are dissected
i Locke s fluid care besnz taken 10 obtawn afl srclobes  These are
then macerated beneath a covershp which has beun applied e
that one corner protrudes aver the shde  The corershp s then
carefulfy hited by holding sts corner and fassing it so that the fnd
and the sporozoites which st contams 13 eoncentrated i a small
area somewhere near the cuntre of the shde  The covership i
then washed 3 or 4 times with 3 few drops of Locke s fluid and
this 13 added 1o the flutd on the shde  The fuid 1s then taken up
o 2 ¥ hypoderane syrinze and further drops of Logkes
flud are added 10 ensure that most of the sporozoues are remored
Tius s conninued unut the quantty @ te syan ¢ 15 exacdy | mi
The contents of the syringe are then discharged mto a smali fiat
bottomed watch glass and muxed thoroughly by drawing the
matereal in and out of the syrmge a few umes  Prick the pad of
the muddie finger of the left hand and with the point of the needic
0l off a speck of blood and add 1o the faid  this grves a suiable
backeround on wiich to focus when counting sporazoites bt
only a few hundeed cells are required fof the purpose
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Draw up 005ml of the flud and blow 1t on 1o the square
fixed corership without spilling any over the shde  Wath a needle
distibute the fluid evenly over the covership and cover with a
petri dish until 1t 15 quite dry  Fix with methy! alcohol for a few
munutes then dry and stain for half an hour with weak Giemsa
(one part of stain to 20 parts of distilled water)

To count the sporozoites

An Thrlich eyepiece or its equivalent and 2 2mm (b m)
o1l ymmersion lens are essential Focus on to the specimen (the
scanty red cells present will be helpful here) and move along untd
the extreme right or left edge of the covership 15 reached  Count
the number of sporozoites 1 a horizontal strip and repeat twice
at different parts of the corership and then strike an average we
prefer counting one strip across the top of the covershp one
across the bottom and one across the centre  The number of
microscopic fields from top to bottom of the covershp 1s pre
determined by smearing a drop of blood over a covershp of
the size o be used and staming 1t 1n the ordmary way the cor
puscles enabling one to estimate the exact number of fields Its
best to make all counts with the draw tube of the microscape
closed

When the average number of sporozoites per strip 15 knownt
the number of sporozoites i the fimd 15 caleulated If for
example there are 100 microscope fields from top to bottom of
the covershp and if the average number of sporozoites per
horzontal strip 1s 100 then the number of sporozoites on the
whole of the coverslip 1s 100 x 100 = 10000 If the quantity of
flmd on the coverslip represents »th of the whole then the total
number of sporozoites equals 200000 1f then the whole of the
fluid remarning in the syringe 1s injected 1nto the patient the totaf
number of sporozotes 1njected will be 200 000 minus the 10000
1 the 005 ml used on the covershp
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CULTURE OF THE MALARIA PARASUTE

As an ad to the diagnosis of malana no useful purpose 1s
served by culture methods for there 15 as yet no practical technique
whereby sub cultures ncrease appreciably the number of parasites
following segmentation Furthermore as i three of the four
species of human Plasmodium the complete erythrocytic cycle
oceurs it the penpheral circulation specimens from cultures of
these three species would produce nothing, which differs from a
penpheral blood film  However cultures of P faleparum
trophozontes are of great value for teaching purposes because it
15 seldom that growing forms beyond the ring stage are seen in the
perpheral eirculation  when they do occur the pattent 1s often
gravely all and drug therapy 1s a matter of urgency From our
experience with P faleiparum i malana therapy i primary
cases up to about the seventh day of erythrocytic parasitenua
although fever 15 nearly always quonidian or frequently inter
mittent the patient 1s not unduly distressed and rigors seldom
Wever occur However beyond the seventh day of fever parasites
often oceur in the peripheral airculation n enotmaus aumbers
often a thousand parasites per twenty five micro fields 1¢ ten
per cent of the red cells infected  Tn these cases parasites beyond
the ring stage including schizonts are quite common and these
parasites are of course heavily pigmented There 1s a stuking
difference in the pattern of the pigment of P _fakiparum compared
with the same stage of growth m the other three species  Instead
of a number of separate grams as in P tnax P orale and P
malarie a0 P fal.iparum the pigment 15 1n One two of at most
three elumps

Our reason for stressing the above description 1s that students
of malariology should learn to recogmse developin_ P flctparunt
trophozoites 1n peripheral blood smears because when they occur
i numbers in patients underzoing a prmary attack the prognosis
may be grave

Many workers on malana who have hived in the tropics for
years have told us that they have recogmused and appreciated the

i of developing trop of P faleiparum for the
fist time when Faying a visit to our laboratory

For teaching putposes smears of P faleiparunt parasites can be
prepared from cubtures which will demonstrate the charactenstic
P oment as  occurs i trophozotes and schizants ta the anternal
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organs the placenta and occasionally m the penipheral
circulation

An alternative to culture smears for obtaining trophozoites and
schizonts of P falciporwm 35 1o make smears of parasiized
placental blood In pregnant women living 1n holo or hvperen
demic areas the placenta 15 frequently very heavily infected with
all stages of the asexual cycle even when parasttes are scanty in
the peripheral blood  Frequently also a large percentage of the
jt y luding polymorphonucl contans masses of
prgment the result of phagocytosis

Techmque for cultuning to matunty a single generation of P
Sfelciparum parasites

Select a patient in whose blood there are numerous ring stases
of the parasite e g at least five parasites per field of a thin fitm

1 Take 20m! of venous blood and exther defibrnate 1t or add
160 units of heparin

2 Add 02ml of a 50 solution of stenle dextrose and mix
thoroughly with the blood

3 Pipette off 1nto switable culture tubes to form a column of
about 4cmm and jncubate at 37 —40°C  The parasites Iine and
grow at the top of the column of sedimented red cells and most
of the parasites beneath this layer die within a few hours

4 Atmtervals up t036-48 hoursof meubation withdrawa sma
quanutyof blood witha pipette from the toplayerof thesedimented
cells for exammation The culture tubes must neser be tilted

5 When drawing off some of the top layer of blood for pre
partng thin films include a little of the serum

Because the asexual cycle of P_falcparum 15 completed m about
48 hours 1t may be thought that parasites should be cultured for
thus length of time 1n order to obtam fully segmenting parasies
Thus 1s not so and 24-36 hours 1s about optimum  The reason 1s
that the parasites may be several hours ofd at the tume the blood 15
taken and befare the culture 1s prepared For class purposes fitms
should be made at frequent intervals so that all stages of growth
of the parasite are avmfable for study

PRE1 ARING SECTIONS AND SMEARS OF POST
MORTEM AND DIOPSY MATERIAL
Malania parasttes are very difficult to stain satisfactonly m ussu;
sections and direct smears guve better results  Even in smeafs o
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post mortem material the parasites do not stain well unless they
are prepared within about three hours after death

Itss seldom 1f ever that a patient dtes from an uncomphicated
attack of malari caused by any species other than P falciparum
When death 1s directly due to faleiparum malana parasite density
ts generally high and parasites are distributed throughout the
sascular organs  The bramn and spleen are nearly always heavily
mfected and to a lesser extent the heart kidney lungs and bone
marrow  As pomted out by Field and Shute! parasites are
recognised from tissue smears prepared shortly after death but in
preparations made several hours after death they are usually
unfecognisable and heavy growths of saprophytic bactena
obscure the microscopic picture  In smears of this kind the
parasites look more Iike large cocer due presumably to contrac
tions and degeneration  Therefore post mortem tissue should
be prepared as soon after death as possible  The bramn and splecn
are the two organs most likely to reveal large numbers of parasites
matarsal pigment and phagocytosis

Where a post mortem 1s not perrusstble for religtous or
traditional reasons some spleen matenal may be obtained with a
Syringe and a large exploning needle  Brain tissue may be obtained
by passing a needle attached to a syrnge through the orbital
plate of the frontal bone and applymg suction  The best method
we have seen was that demonstrated by Diomisi tn Reme many
years ago Instead of a synn ¢ he used a cobblers ncedle
The point of the nstrument was skilfully inserted through the
conjunctiva under the eyelid and then forced upwards through
the orbutal plate mto the bram  The mstrument was then
revolied two or three times and this filled the eye of the needle
with grey matter  If this operation 1s performed carefully there 15
no disfigurement

In autopsies performed withen 24 hours or longer after death
most of the parasites have d d almost beyond recog|
However the pigment remains and this offers the best guide for
diagnosis

Some reasons why smears are prefirable to sections are

(1} A really thin smear 18 thinner than a thin section

(2) The parasite stams better

(3) In brain smears the capillanies are well preseried and
€an be traced fr a lonver distance than is usually possible in
sections
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Techmque of preparing and stamng smears of brain tissues

A small piece of brain no larger than the head of a pin s placed
mn the centre of a dry clean shde A second slide 1s appled m
such a manner as to squash the piece of ussue and drag 1t over the
surface of the first shide exerting contmuous pressure In ths
way two very thin smears are made  After the smears are quite
dry they are fied for 5-10 munutes in methyl alcohol (longer than
for an ordinary blood film) and are then stamed with Giemsa
diluted with distilled water 7 ml -100 ml with a pH of 7-72 for
30 munutes  Flush wath distilled water and dry

After the films are dry soak them for § minutes 1 normal
saline  This removes much of the methylene blue from the tissue
cells without decolonsing the cytoplasm of the parasites and
gives a much clearer picture

After treating the films with salme wash agam with distilled
water to remove all particles of salt

Dry and examine

To prepare and stain smears of splenic material

It 1s difficult to make very thin films of pulpy splenc tissue and
we find 1t 2 good plan to break down a small piece 1n a few drops
of sabne From this matenal satisfactory thin films can be
prepared

After the films have dned they arc fixed for several munutes
with methyl alcohol and stained with Giemsa  Itis our expenence
that neither Leishman the hzmatoxylms nor the new rapd
methods now used for starmmg thick blood fitms are as satisfac
tory as Giemsa for stainmng parasites in tissue smears  Of course
the pigment 15 promtnent whatever stain s used but s0 1t1s when
the film 1s exammed without staming

The techmigue described above for making and stanng smears
of bramn and spleen 15 also applicable to other organs heart Iner
kidney and bone marrow

¥f 1t 15 desired to remove the pigment before sf
be done after thorough fixation by soakng the
one hour 1n 1/ HCI 1t acetone In additron to
malarial pigment this also dissolves extrancous
without mterfering with the cytologic picture

The treated films must be washed 1n runnmng
15 minutes to remose every trace of acid before staining

taimng this can
fitm for at least
dissolving the

hemoglobtn

water for at least
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Fixation and preparation of malaria tissue for staimmng and
sechoning

The fixative generally used 1s 109 formal saline  This 15 quite
satisfactory for subsequent stainng with anv of the hematoxvhins
Unfortunately however sections of formalm fixed material
cannot be stained satisfactonly with Giemsa  If  therefore
scetions are to be staned with Giemsa a fixative not contaming
formalin must be used Sections of ussue fixed 1 Carnoy stam
beautifully with Giemsa as described by Shortt and Cooper? for
demonstrating exo-erythrocytic malana parasites i the hner
Their technique 1s as follows

MATERIALS RequirRrn
Giemsa stain
Acetone and xylot solutions
10, -15  solution of colophonium resin tn acetone

Prepare stain as follows
10 mi Giemnsa stain
10 ml methyl alcohol
10m! acetone
0 ml distilled water pH 72

After sections are quite dry they should be placed between tho
pieces of filter paper and rolled flat with a squeegee

(1) Dissolve wax with xylot

(°} Downgrade through alcohols (o water

(3) Stam sections for at least 1 hour

(9) Wash 1n tap water for several minutes

(5) Immerse shde n jar contaimng colophonm  resm
acetone solution  (The time required for optimum differentiation
vanes from a few seconds to a minute ot exen loneer depending
on the depih of stiming )

When the sections are taken out of the staimng jar they are a
bluish mavy ecolour  But after a few seconds m the colo-
phonum resin acctone solution much of the methylene blue 15
evtracted and they are then a violet pink  Wath practice the exact
time to check the decolonsing process can be judged with the
naked eye but to bernners new to this techmque the specimen
should be examined under the low powerof the microscope How
&ver before dome ths the specimen should be bathed in &0_“

Stie LAlLUR



52 MISCELLANEGUS LABORATORY PROCEDURES

acetone xylol solution otherwise a ressnous fitm will form on the
section

When the desired degree of differentiation has been obtamed
the sections are passed through three grades of acetone xylo}
sofutsons a few munutes in each

{1 709 acetone—30Y xylol

{2} 58 1, acetone—50 ,/ xylof

(3) 25°, acetone—~T75Y; xylol

This 1s followed by 5310 changes m xylo} and the sectsons are
then mounted 1 Enparal vert

Specimens stamed by tius techmigue and mounted sn Evparal
{not Canada balsam) do not fade for several years

The disadvantage of Carnay as & fixataie s that it causes byss
of the red cells  As far as we ate aware there 1s no fixatne for
tissue which fulfils alt the req; for subseq )]
staining by both Gremsa and the hematoxyhns

Of aif the hematoxyhns we hine tied we prefer Ehrfichs

diluted) prepared in the y and th hiy matur

Sections are stined for one hour or longer and then bathed for a
minute or tvotn &}/ solution of HCin 70 4 alcoho! Providing
the laboratory tap water is shghtly alkahoe washing the sections
for half an hour is sufficient to blue them An altematne 15
10 sozk them in distifled water rendered atkahne by adding s few
dropy of a saturated seiption of hthwum carhonate  After
upgrading 0 alcohol the sections are counterstaned 0 2 ot
solution of erythrosine 1 absolute slcohot for half an howr This
15 preferable to counterstarmng with 3 stronger cosin solstion 1‘0{
a shorter peniod  They are then passed through 30, Phcm‘_
xylol cleared m xylol {twe changes 1o remode evesy “md"
phenol othenwise fading quickly oceurs) and fipally mounted
newiral bslsam
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SFCTION 3

ESTABLISHING AND MAINTAINING COLONIES OF
ANOPHELES IN THE LABORATORY

GENERAL PRINCIPLES

WHICE 1t 15 comparatively easy to rasse a single generation of
mosqutoes from eggs laid by females collected 1n the field at1s
often extremely difficult and with many species quite impossible
o mantan sucees 1ve generations continuously in the laboratory
One of the earliest records of success we have been able to trace
15 by Major Harold R A M € who succeeded in raising several
of Anophel lif at the School of Hygene

at Aldershot  The gravid adults were collected from Sandwich
Rent At the time he was carrying out his researches 1t was not
known that there are several vaneties within the spectes A4
maculipenms but from personal observations we naw know that
aroparrus 1s the predominant varety present in Sandwich and 1t
15 obvious that Harold s ongmal work was with this form Itis
teresting to record that at one time when he lost hus strain he
tned to replace st with specimens of 4 maculipenms collected 1n
the Aldershot area He faded but met with success when he
Az started with the Sandwich stram - The predominant vartety
1 the Aldershot district 1s messee and the difference between
Harold s fasure and success 15 accounted for by the diffcrence
between the two varieties m therr ability to copulate in confined
3paces ia the laboratory  atroparius will mate wn cages one foot
cubed while messee with not 4o so 1 relatively Jarge Tooms

Harold 5 success 1n breeding several generations of A macult
Fenniz in the laboratory was subsequently repeated by many other
workers with A maculipentus atropartus

In the tropics Moores appears 1o have been the first to breed
successive generations of Anopheles paméie 1n Africa and at the
fresent time many specics of Anopheles are being mamtained as
hbomlnry colomes 1n vanous parts of the world ~ These workers
have 1o our knowledee of q and
itts difficuit 10 sec how the present intensive researches on msectt
crdes could be carried out 1t 1t were still not possible to breed and

n




Fig 16 Suction pumnp used for colleuting pupe

Fig 17 Small bottles contauag 10 / glucose with protruding
plug of votton wool as sed 1 store c1,es o provide faod for both
male and females
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Trays for sand 9144mm ¥ 12922 mm X 1016 mm
(Bhxaftxdm)

Long slceved glave

Dimethvl phthalate

Fg 18 Stock cage conta tun,, mosquitoes showin, an
anathetised guinea i,

57

Cages—cubical-—357 2mm (183n) The ssdes back and front
ate cosered with mosquito netung streiched on a wooden
frame The top and bottom are made of three plv wood
The bottom haif of the front of the cage 1s divided into two
cach with a netted sleeve 10 enable the anesthetised rabbut
to be inserted and also for the introduction of mosquitoes
and pupe jars  Parallel with and about 254 mm (lin)
away from the outside of the caze a plastie corered wise
15 fixed on which damp clothes can be hunz to increase
humidity A wooden shelf ts fixed inside the cage (ot the
ege tayimy dish and on this shell (wo clips are screwed
about 114 3mm (4} in) apart to hold the bartles con

tainung the glucose and cotton wool

The colony of A stephenst was established in 1947 from eers
sent by Lt Col Jaswant Sinch Director Matana institute of

inda
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The snsectatium used for (he breeding of (s Species s an
ex army Nissen hut drvided 1nto two parts each with two double
windows The soom with a south-¢ast aspect 1» used for the bre d
ing of the larvie because 1t gives the best possible conditions of
natural lighting  The adjoinung room with a north west aspect 15
used for housing the adult mosquitoes Both rooms ace lined
with plaster boards and have concrete floors  Heatmg 1s supphed
by non radeant heat the heat betng enclosed 1 tubular heaters
which are m two pairs in each room producing 360 watss per tube
The heaters are connected to two thermostats per room and are
kept at 25°-27°C  The tubular heaters ate protected by guards
made of perforated metal  The hight m the room 1s supph &
by standard dayhight tube Iighting and each room contams 3
portable lamp readily adjustable to any posttion  These Jamps are
of low voltage to ensure pecfect safety from shock nisks All
electrical apparatus 1s properly earthed m view of the damp
condittons Both the room for the breeding of the larve and the
room for the housmg of the adults contan a sink hot and cold
water taps and a deawung board for cleaning the breeding bowls
ete  The bowls contanmng the eggs and lacve of the colony are
accommodated on three tables about 2m (7 1) fong two under
the windows and one opposite the window In the adjommg
room the cages contaming the adult msects are placed on symilar
tables The humidity 1s mamtamed by a constant dnip of hat
water trom 2 tap in cach room and also there are several trays half
filled with saturated sand ballast It 1s important that the surface
of the celings and walls be not freshly pamted whitewash or an

d surface 15 dered satisfactory and 15 1o be prefersed
If pami has to be used the adult mosquitoes should not be
housed 1n the nsectary for at least a month after the pamuing 15

completed

The larve

Success or farlure 1 the rearing of a mosquito colony depends
a great d=al en the techarque used for raising the larve ”

When the A stephenss colony was first started the method us
for breeding the larva was that described by Shute' for the
reasing of A atroparcus  Although this was faly satisfactory
1he method used by the East Africa Malara Umit Amant for ll;‘e
breeding of A gambia 15 far supenor (Shute G T ) Ths tec]

sque 15 1deal for the breeding of A stephens: larva and hundreds
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of thousands of insects can be obtaned with the mmmum of
effort

TrciNQuUe

White polythene bowls 304 8 mm dameter x 127 mm deep
(12 x 5m)are usud as rearing pans  Fresh distilled water or
filtered rawn water 15 added to the bowls to a depth of 33 1 mm
{111 ) and evaporation 13 made good by seplemshing the water
tachday The dishes containng the stephens; eggs are taken from
the cages which house the adults and are allowed to hatch  Forwv
cight hours fater 100150 farve are put into bowls containing the
distilled water where they are kept until thev pupate  The pupe
are then transferred to a glass yar which 15 placed m the cage in
which the adults will emerge  Larve should not be overcrowdid
m the reanng bowls  overcrowding 1s just as deletenous o the
second and thsrd ynstar as it 15 to the fourth instas larve and an
werease 1n the quantity of food provided cannot compensate for
such overcrowding

The larvz are fed on dried yeast 1ablets fincly ground with a
pestle and mortar m 3 proporuon of 1 gramme of yeast per
100m! of water On hatching 2 ml of the yeast water mixture
1s pupetted snto the ege laying dish - On the day when the Jarve
are separated 5 m) of the mixture 1s added to ¢ach dish and ths
procedure 1s repeated daily unul the pup e develop  feeding should
then cense  The yeast water mmsture should he prepared
smmediately before use as it rapadly detenorates when left standing
The yeast tablets should be hept esther tn a desiceator or 1n a dry
glass jar wath an atight hd

Frery batch of 100 150 Jars e has its appropreate bow} and
position on the table according to age and as soon as pupa
tion s complete the bowl 1s cleaned ready for new larve and
the next bowl contmming larve abow 10 pupate 1 Moved o
position

The advantage of this method 15 that al) the larv deselop at
about the same rate of growth and pupation 15 reached within
about 48 hours of each other

The pupe are collected by means of a vacuum pump which 1s
conneeted Yo an intake bottle  Ths mechameal collector enables
large numbers of pups to be collected 1n a short bme - The pupr
are transferred from the intake hottle into glass jars and placed
n the breedion, cases
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The adults

The majority of 4 stephens: adults emerge 1 30-40 hours ahter
pupation when thetemperature1s 25 ~27 C A stephensiwili maten
acage of any size but the one described above 15 the maost sutable

The adults for stock purposes are hept 1n 3 room faomg
north west where 2 temperature of 18 C 1s mamntamed and at tis
temperature the adults are given a blood meal three times per
week  Ether a human arm or a rabbst 15 used for thus purpose
The rabbit 55 anzxsthetised by Nembuotal snjected smirmenously
intramuseularly or interperttoneally  The makers recommend
1 gramme {1 m! } for each S 1b weight but it must be remembered
that ammals have a varying tolerance for the barbiturates some
requirzng 2 hugher dose than others Nembutal should be gnen
stowly when ad ty For lar of
miterperstoneal injections the same dose 15 usually employed
antsthesia s complete n the majority of cases m from 10-15
munutes and wil fast for a period of 1-2 hours  Forntramuscular
myections we inject the Nembutal between the scapula

Anzsthetised rabbuts are used in preference o gumea pus
for frading 4 stephenst because ¢ high death rate 1 the wmsects
oecurs i 5 few hours after they feed on guinca pr blood  the
death rate 15 presumably due 5o the mability of this species of
Anophieles to digest the blood meal

We do not shave the hasr off any part of the ammal thovgh 50
doubt this would be an advantage if only a few were available

When there are several hundreds of mosquitoes 1o be fed the
anesthetised anumals ase placed 11 the cage on thew backs and
the mosquetaes feed from the naked parts legs parts of the head
the ears and around the anus  Neither anophelmes nor eulieies
are able to feed through the very hairy or furry parts of an ammal
although repeated efforts are made to do so

Nembutal fulfils 2 very useful role m the msectary  With care
even very small ammals” such as 3 or 4 week old chicks can be
an@sthefised and immobilised for from 1-4 hours sufficient (e
to silow finndreds of mosquitoes to feed

When adults ate collected by hand from a cage for the purpose
of nfecting them with malfaria or when collecting mf:c(;\:
mosquitoes many will bite if the hand remans n the cng’; &
only a faw seconds  We find it satisfactory to smeaf lhtl an
and arm with dimethy} phihatate or slermatively to wear along
steeved glove
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REFERFNCES
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THE LABORATORY REARING OF ANGPHELES
MACULIPENNIS Var ATROPARS IS
LouipeNT REQUIRED
The apparatus s almost the same as 15 used for the breeding

of the A stephensi colonv except in the requirements for the
breeding of larvee

Unglazed earthenware pans 457 2mm (1810 ) diameter X
14 Imm (441 deep

Unglazed earthenware pans 1270mm (Sin) dameter x
38 tmm (1 m) deep for egg laying

Ran water

Jug and funnel for fillering the water  Falter made of fine
mesh pauze

Sods of grass

Farex (Glavo Ltd  London)

Bemax (vitamns Ltd  London)

Dog tiscunt (Entwhusties Lid - Linerpool)

Glass jar with serew 10p for keepung Farex

Glass jar with screw top and wite cloth centre for Bemax
and dog tiscuwt mivture

Ve cloth—muld steel 60 x 60 mesh x 375w £ (Greenings
Warnneton)

Close mesh siese or  Vories  hand grinding mall (Bryan
Corcoran 1 ondon

Small #y flo pump for acratng water (Medealf Bros
Florence Works bshington N

Rabbits or tutnea pros

The colany was started 1n 1934 from the ceos of a single female
caught at Gram i 1he county of hent Tor 9 vears prios to this
colony beng established the adults of 4 maculpe ms var
ateapartus wsed n che laboratory were caught under natural
conditions from an area bardenng on the Thames Estuary

The ssectanum nsed 7 the breeding of this species 1ss
equipped to that ateea by described for the breeding of 4
The toomy where the farvx are bred and the adults

g
1

A,
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situated on the ground floor of the Malara Therapy Unit They
are of the same brick and concrete consiruction as the rest of the
bullding

The faxva

The method used for breedwng arroparius lane 18 based on the
work by Shute! Three to four hundred lanve are put mto &t
earthemware pan contamng filtered ram water wath 2 smalf sod

Fig 19 Breeding pan showang the water besag
aerated by a pump

of grass placed m the middle The mud part of the grass sod 1
benefical to the growth of the larve and it 15 quite unne;cs
sary to fenew the grass sod ar change the watef except whent
fresh bowls are prepared for newly hatched larva  These pans
should be thoroughly scoured with boihng water before prepased
2 new breeding ground
If the brccd%ngg pans have concave bottorms {usual 1t rait\h;nn
ware vessels) they vl not hie flat on the laboratery bench " ;e
grass sods are addad to the basins seoner of later ants :l e
tatroduced Inevitably nests wall be smade on the bench undel
hollows of the pans and the msectarum Wi :
infested  The pans should rest oft bricks or battens and 0 b
rased above the levet of the bench by a few anches Ants caf
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kept under control and prevented from entening under doors and
through crevices by sprmkling a mixture of equal parts of sifted
iemg sugar and borax around the rooms Ants are partial to
sugar and the borax acts as a poison

Rain water 1s stored 1n a large tank covered with a metal lid to
prevent the breeding of all aquatic nsects

The lacvz are fed at wntervals throughout the day with either
Farex or a mixture of 10 / Bemax and 90, dog biscut  Farex
isaninfant food (carbohydrate 730 protein140  fat30
nuneral salts 40,/ moisture 60 ) it spreads evenly over the
surface of the water and floats for a considerable ime  Bemax
1s 2 nich patural vitamin protein mineral supplement (protein
27/ carbohydrates 50, approximately fibre not more than
3/ calonfic value 104 per oz ) and the dog biscit  All in One
kennel meal Ten per cent of the Bemax 1s added to 90 dog
biscutt the mixture 15 passed through a close mesh sieve or a

Vortex hand grinding mifl and 15 placed 1n a glass jar with a
screw top  In the top of the jar 1s fixed a very fine wire cloth
(60 x 60 mesh x 37 swg)and bv using this sprinkler the mex
ture spreads evenly over the surface of the water  When not in use
the wire mesh top of the jar should always be covered by an
verted petrr dish so as to prevent the food from getting damp
Should this oceur the food will not pass throush the fine wire cloth
and therefore 1t should be thoroughly dried and the wire cloth
scrubbed and dned also  The quantity of food used and the fre
quency of application depends on the number of lanve t the pans
One should arm at supplying the maximum amount of food that
the larve will consume but no more than this excess of food will
foul the water and cause 2 high death rate amone the larve It1s
best to feed with small quantities at a time and at frequent intervals
However shoutd a pellicle form tt can be broken up by aerating
the water with the Hy flo pump

When breeding Anopheles 1n the laboratory 1tis very important
1o ascertain whether the larvie are exclusnely surface feeders (as
A maculipenmus atraparrus appears to be) or whether like 4
gambir and A stephensi feeding takes place both on the surface
and at the bottom of the breeding pans Larse which feed only
on the surface must be given food which has the consistency of a
rowder and which floats on the surface

Lane particles of food are rejected by the youn,, lane and
these particles esentually sink to the bottom of the breeding Pan
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situated on the pround fleor of the Malana Therapy Unit They
ate of the same brick and concrete construction as the rest of the
busiding

The Jarva

The method used for breeding atropartus farva 1s based on the
wotk by Shute' Three to four hundred larvae are put o an
earthenware pan contamng filtercd ram water with 2 small sod

Fig 19 Breeding pan showing the water being
aerated by a pump

of grass placed n the middle  The mud pact of the grass sod 18
beneficial to the growth of the larve and it s quile UAREees
sary to repew the grass sod or change the water except whes
fresh bowls are prepared for newly hatched larye These pans
shauld be thoroughly scoured with boitmg water before prepanin®
a new breeding ground

If the breeding pans have concase
ware vessels) they will not he flat on 8 be
grass sods are added to the basins sooner or fater ants will .
introduced  Inevitably nests wafl be made on the bench under the
hollows of the pans and the msectanum will soon become
infested  The pans should rest on bricks or batfens and so ;
ratsed above the level of the bench by a few inches  Ants car g

bottoms (usual in earthen
he laboratory bench When
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kept under control and prevented from enternng under doors and
through crevices by spnnkling a muxture of equal parts of sifted
10mg sugat and borax around the rooms Ants are partal to
sugar ard the borax auts as a poison

Ram water 1s stored m a large tank covered with a metal hid to
prevent the breeding of all aquatic msects

The Jarvae are fed at intervals throughout the day with erther
Farex or a mixture of 10 / Bemax and 90 / dog biscwt  Farex
wsanmfant food (carbohydrate 730%, protein (40 fat30
muneral salts 40/ moisture 60° ) 1t spreads evenly over the
surface of the water and floats for a considerable time  Bemax
18 a rich natural vitamin protesn mmeral supplement (protein
21/ carbohydrates 50 approxumately fibre not more than
3/ calonhc value 104 per oz ) and the dog biscwt  All in One
kennel meal Ten per cent of the Bemax 15 added to 90 dog
biscwt the micture 1s passed through a close mesh sieve or a

Vortex hand grmding mill and 15 placed in a glass jar with a
screw top  In the top of the jar 1s fixed a very fine wire cloth
{60 x 60 mesh x 37 swg) and bv usmg this sprinkler the mix
ture spreads evenly over the surface of the water - When not in use
the wire mesh top of the jar shoutd always be covered by an in
verted petri dish so as to prevent the food from gettmg damp
Should ths occur the food will not pass through the fine wire cloth
and therefore 1t should be thoroughly dried and the wire cloth
scrubbed and dned also  The quantity of food us d and the fre
quency of application depends on the humber of larvee in the pans
One should a1m at supplying the maumum amount of food tha
the farve will consume but no more than this excess of food will
foul the water and cause a hugh death rate among the lanva Tris
best to feed with smait quantities at a ime and at frequent intervals
Howeser should a pellicle form 1t can be broken up by aerating
the water with the Hy flo  pump

When breeding Anopheles in the laboratory 1t1s very important
to ascertain whether the larva are exclusivelv surface feeders (as
A macunpenms atroparius appears to be) or whether fike 4
Rambiz and A stephenst feeding takes place both on the surface
and at the bottom of the breeding pans  Larve which feed only
on the surface must be given food which has the consistency of 3
powder and which floats on the susface

Lacge particles of food arc rejected by the young larve and
these patticles eventuatty stk to the battom of the breed, pan
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and cause the water to become sour Therefore it 15 essentizl
when dealing with lan e which feed on the surface of the water
that the food should be of a dust Iike consistency

REFERENCE
L SHUTE P G (1936) Jour trop Med Hyg 39 233

METHODS OF OBTAINING EGGS FROM INDIVIDUAL
MOSQUITOES

MATERIALS REQUIRED

Wooden rack 457mm x 76 mm (18m x 3m) Near the
top on each side there 15 a narrow bar which keeps the cylinders
i position One of the bars 15 halved both sections bemg
hinged to the frame This bar 1s hfted before removing the
cylinders from the rack

Cylinders (glass) 10! mm x 444 mm (41n deep X 13m
diameter)
Petrr dishes 38 mm (1}in diameter)

White card  This 1s cut Into pieces 63 5mm % 635 mm
(2410 x 2} 1n ) and nserted 1nstde the cylinders as a resting place
for the mosquitoes without coming 10te contact with the water
the petrt dish

EX: -
T o a2
:*)’}u- 2 :«,;\-':: o
Fig .0 Racks and cylinder jars for obtaming €£gs

from individual mosquitoes

o
i




Fig 7t The same wih cross bas raised for cemo i
cytinders after eg., fayin

Fg  Agn 2o

squ to 81 Test 0 one of the eyl nders
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Mezson |

Y more than one batch of eggs are wanted from an sndsvidaat
mosquito these may be obtained 1n the followtng way

A ‘mosquito which 1s known to be fertiised 15 given a blood
meal and transferred to a glass cylinder which 15 then put back
into the rack over the petrt dish of water Eggs are usually fad
2-3 days after the msect has taken a bood meal most often at
night  After a batch of egys 1s Jard the cylader contaumng the
mosqurto 15 caretully lifted from the rack ~The mosquito s then
given a blood meal after which 1tis agam put into the glass cylinder
and returned fo the rack over a petri dish contamming fresh water
where 1t remams untd a further batch of eggs »s Jad Sorm fimes
but not often two blood meals may be necessary to brug the
a/arnies to maturity

By this method we have succeeded 1n obtainmng 17 batches of
€58 from an ndividual mosquito and some mdrviduals have
survived for over 80 days (Shute?)

Method 2

A mosquite with nipe avaries will neasly ahways lay its eegs of
the followng procedure 1s adopted .

Collect a gravid adult ;n a 127 mm % 127mm {51 X 'n)
test tube shake 1t to the bottom of the tube and rap the boitom
end of the tube sharply 7 or 8 times on the palm of the hand 1o
stun the msect (Shute ) When tt 1s tmmoblised remove it from
the test tube carefully remove a wing and transfer 1t to a pein
dish of water  Within a few numutes the mosqusto will brgin to
lay s eggs and providing 1t remamns alve Jayme wilt continue
until all its eggs are lad - Care must Be aken not to kil the mg‘s
quito 1t should only be rendered sufficieatly rmmobile 10 end i
1t 1o be handied for the purpose of removing & wing 1o prevent s
gscaping
REFERENCES
1 Swun P G (1936) Ann trop Med Parasn 30 1
2 — (1923 dam 1 op Mled Parasr 27 409

LABORATORY INFECTIONS OF ANOPHELES WITH
MALARIA
There are four abvious reasons for tnfecting mosquitoes 1m the
laboratory
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{1} For providing mfective matenal for therapy purpases

{2} For providing infective matertal for heavy infections of
sporozostes 11 the study of the pre and exo-eryshrocytie cycte of
the parastte

(3} For comparative studses of carrier species of anopheles 1n

{4) For the 50 pheles of the
mhabitants 1 an endemic area

Very httle apparatus 15 requared for mnestiganng matara
mfechons m mosquitoes (Sintont  Shitte )}

Fg 3 Type of ca,c used for separating -4 from unfed
mosquitocs and for stor ng inf cted mosquitoes

APPARATUS REQUIRED

{1} A colony of anapheles mosquitoes

%) Sustable jars for feedm,, purposes

3) Test tubes 127 mm % 127mm (S X 3m)

(4) Cages 3048 mm x 2032mm (12w x 8w} The ndes
back and front are covered with whute mosquito netting stre tched
©n 2 wooden frame with 3 false cerhing abous 12 7mm (fan)
below the true cehng to prevent the mosquitoes uding 1t the
comners The front of the cage 1s provided wath a netted sieeve to
enable the anesthensed anmat to be inserted and for the ssrodus
von of mosquitacs  We consider this size cage to be safer for the
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housing of the infected 1nsects than the one described for housing
the uninfected mosquitoes and makes 1t much easier to collect
them

The technigue for reasons (1) and (2) 1s approvimately the
same but for (3) and (4) some modifications are required and these
will therefore be described separately

For the provision of heavily infected mosquitocs the three
essentials are

{1) A swtable ammal 1in whose blood there are numerous
mature gametocytes which have previously been tested for
ripeness as described in Section 2

{2) Very heavy infections 1e several hundreds of oocysts per

t

ul
€ (3) Over 90% of a batch mfected as the result of a single feed
These conditions are only obtained when the blood film shows
200 or more exflagellating male gametocytes per ¢ mm (approu
mately 5-10 males per 100 leucacytes 1n an ammal showmn,
about 6 000 lewvocytes per c mm )

The feeding Jars

The most surtable jars we have found are made of thick glass
cylindrical with a heavy flanged mouth and measuning 889 mrr;l
(3! 1n ) 1n drameter and height (James' 2) In the bottom of eac!
Jar 15 placed a closely fitting dusc of dry filter paper to al;s;rlsany
morsture which may accumulate during the process o’_ “hmar
especually if the patient 1s sweating  Over the mouth o e;c Jan
1s tied with tape a piece of mosquito netting which h“tcst
opening in the centre a ittle larger than the diameter of tl fim Y
tube used for collecting mosquitoes  The msects are caplurcwhm
test tube and transferred through the opening mto the jat Bl
about 50 mosquitoes have been mserted into the far the ?5on
covered with another layer of netting which 1s tied 1n Po?tocs
with a second piece of tape  With some spectes of mosqnl: o
such as the comparatrvely stuggish A maculipenns Ianm N
twenty specimens are eastly collected 1 2 single lubet et
some other species such as A stephenssor A gambia ISth et
to collect more than two or three 1n a tube at a time  As nlcumcs
tube contarning the mosquetoes has to be inserted sc\}: e
mto the hole through the netting covering the top of ‘s usJed s
second piece of netting without a hole 1 the cmmbclcn tottied
plug to prevent escape until all the mosquitoes have
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then the top layer of netting 1s tied down We prefer white netting
both for our cages and for the tops of the jars Also we use an all

purpose netting which has 150 holes to 64 sq cm (square inch)

This 1s switable for dealing with relatively large mosquitoes such as
A maculipennis and also for the small spectes such as A stephenst
and A gambie We prefer test tubes for collecting mosquitoes
from the cages rather than the sucking tube used by many workers
m the field When mosquitoes are being infected for use after the

~ %

Fig 24 Jars used for feeding mosquitoes on humans

completion of the sporogonic cycle (sporozoites in the salivary
glands) every care must be taken not to injure them at any stage
and especally at the time of infecting them I the sucking tube
i used many of the mosquitoes are damaged and many lose one
or more legs and also the win,s are often damaged

To mfect a batch of mosquitoes from a human gametocyte
carner we proceed as follows

The pattent lies on fus back and 1s made comfortable so that
he will remain quite still  The leg 1s bared from the thih to the
knee and 4 jars as described above are pressed firmly agarnst the
skin - The person resp for feeding the q should
alsa make humsell comfortable so that he can press the jars
acamst the skin and remain quite steady for at least 20 minutes
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15 best not to provide water for egg taymg because they drown
very eastly However great cace must be taken to ensute a
constant high humdity (70-80%,) otherwise there witl inevitably
be a high death rate

I mote than ane species of parasite or more than one strarm
of parasite 15 beng mamntamed the rdeal 15 to have 2 separate
room for cach This we v ould suggest 35 essential where more
than one stratn of the same species 1s maintatned especrally if
there are no morphological ch to diffe between
the parasites of strawns ether i the oocvsts 1a the mosquito or
i the parasites n the peripherat blood of the vertebrate host
1t 15 a good plan to paint the woodwork of the cages with a
distinctive colour for each species of parasite

The techrique of infecting large batches of mosquitoes from
monkeys birds and other anmimals 1s the same as that already
described except that wstead of collectng the mosquitoes mto
Jars and feeding them by hand the antmal 1s cither anasthetised
ar otherwise immaobiised so that it cannot move about inside the
cage

When g the p 3 to nfection
between several local species of Anopheles all should be fed on
the same patsent at the same time  Tius may be difficuit and call
for much patence because it necessttates the availability of large
numbers of Anopheles at the ime when gametovytes are present
m the peripheral blood As the normal death rate among
mosquito colones 15 usually hugh not less than 50 mosquitoes
of each species should be fed Normally 50-70% will survuve for
abaut 7-8 days which means that 20-30 are avathable for dis
section on or about the seventh day (Shute and Maryon”) Inmeny
expertments of thus kind which we have conducted it has been
found that the seventh day is about optimum for dissection
At this stage of growth with reduced hight oocysts are readily
detected with the 16mm (310) Jens and No ‘6 eyeprree 1
20-30 mosquitoes of each species are dissected a fauly accurate
companson of suscepibility to infection of species is arsved at

One of the most sinking and perhaps surpasug findings i
ths laboratory has been the inconsistency between gametocyts
density and mosquito wnfectrvity - For example on many occasions
we have found that mosquitoes have become nfected whc;(\
gametocytes have been difficult to find n thin or even thnd
films and indeed on some accasions when none has been four
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even after 2 prolonged searck  This has caused us to consider
the problem from the epidemwlogical angle and 1o consider
how much importance can be attached to gametocyte surveys o
the field During surveys an sndmdual blood fim 15 exammed
for one supposes 2-3 minutes ¥ a workes spends 4 hourts at
ks microscope he wilf exarne 80-100 films  From these he
may find one or more gametocytes m 5-10, of the population
Thes would supgest that about 10 m every 100 individaals are
mfectne and from our expereme this could be inaccurate It
stems to us that gametotyte surveys based on blood im
2xamimations would not give such accurate information as sample
feedsnys of a carnier species  1f 1 surveys of (us hind about SO
mosquitoes were fed an 2 percenta_e of the population according
to age groups and lhe surviving msects dissected on about the
seseath dey 2 far more aceurate picture of the percentage of the
population who are at a pnen time capable of infecting
Thosqusoes would be rrved at
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SECTION 4
PRACTICAL HINTS

When prepaning blood films for teaching purposes no depar
ture from the usual routine 1s necessary but because the specimens
will be required to last for an indefinite period precautions must
be taken to delay fading

Adjust the distilled water so that 1t 1s neutral or yvery slightly
alkaline after 1t has been exposed to the atmosphere of the
laboratory for 15-20 minutes

If possible films should be stained on the day they are taken but
1n any case not later than 48 hours afterwards

Unmounted films probably keep shightly better than those
which are mounted in & neutral mountant but if used repeatedly
d filmy soon get hed or d: d

Never use Canada balsam for mounting films stamed with
Leishman or Giemsa stain

Euparal vert 1s excellent and specimens mounted in this medum
often fade very little after 20 years or more

If films are not mounted the immersion otl should be thoroughly
dissolved with neutral xylene before wiping the film To put
xylene on the oil and then to wipe the film before the ail ts
thoroughly dissolved quickly ruins the film

Xylene 1s strongly acid ly when it 1s old or
when the bottle 1s only half full for long perrods

Only No 1 coverslips should be used for mounting films which
are subsequently to be examined with an ion lens

Films when 1ld be ¥ ark and if
possible 11 2 dry 12 d‘es 3 calerum
n

chlonde) and
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Thick films unstamed for a week or more should be soaked
in normal saline before being stained especially in the tropics
The length of time a film should be soaked in sale depends on
sts age and thickness The aim should be to continue soaking
the film i salive until most but not all of the hemoglobm 1s
removed The film should then be stamed while wet Very
thick films even thou,h they may have been taken only a few
hours previously should be soaked before staming

All stains and especially the R d
Leishman and Giemsa should be prepared in the laboratory and
not purchased 1n solution

Stock soluttons of Giemsa and Leishman stain should be kept
away from strong hight It 15 a good plan to cover the vessels
contaming the prepared statns with brown paper held 1n position
with rubber bands

Because heat also plays a part i stan deterioration stock
solutions should be kept at temperatures below 16 C

For diluting Giemsa measure by mullilitre and not by drops
This prevents confusion concerning the number of drops to a
mithlitre

Thick and thin films will stain perfectly up to at least 3 years 1f
kept 1n a desiccator which 1s stored m a domestic refrigerator

Thick and thin films which are to be stored 1n a desiccator for
subsequent stainng should be prepared from freshly drawn blood
and on o account shoul ! these films be fixed prior to storing Films
prepared from defibrinated or citrated blood do not stain well
even after a few days Films from hepanmsed blood stam
satisfactonily several weeks after they are prepared

A more even thick film 1s obtained 1f the blood 1s distributed
on the shde to form a square instead of a circle and the staming
15 more umform

When thick and thin films are made on the same slde great
care must be taken to prevent any alcohol from touching the thick
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film 1 this happens the latter will not dehemoglobinse The
thick film should be made about 12 7mm (4 1n ) from one end of
the shide  the thin film should be spread i the oppostte direction
a gap of about 12 7 mm (4 1) berng left between the two

It frequently happens 1n the tropics that absolute alcohol 15
tampered with by irresponstble employees It s therefore advis
able o test the alcohol before use when prepanng fixatnes etc
The best method 1s to use ahygrometer where this s not available
a good indicator 15 copper sulphate Industrialspint 74 OP s
99 per cent alcohol and 1s much cheaper than ethyl alcohol

The relatrvely new method of producing rineral free water by
passing it through a detonser has much to recommend 1t Once
the apparatus 15 avarlable the cost of maintaimng mmerat free
water ts cheaper than productng distled water and what s more
important 1t 1s the equal of treble distilled water This detonised
water 15 evcellent for rearng mosquito Jarve by the method
described i this boo for reaning A stephens: 111 also excellent
for diluting alcohol and ali water sohvent stams

If dotiled water 15 borled 1n 2 soft glass flask 1t becomes
strongly alkaline Always test the pH of distilled water which
has been borled before using 1t for dilunng Romanowsky stams

Ifthe distilled water1s too alkaline never add acid for adjusting
Instead add distilled water which has become acid through
exposure to CO

Perfect then films cannot be made wath thick shdes or even with
thin ones which have chipped edges Always heep a few extia
thim glass slides with clean bevelled edges for preparing thin films

Instead of coating a paraffin block with a low meltng point
wax 1o ensure a ibbon rarse the temperature of the room where
the sevtions are to be cut When sections separate from each
other as they leave the knufe it 15 often due tothetemperature of the
room betng t0o low  Although this can be corrected by coatng
the paraffin block with a low melting point wax thishas the gls
advantage of causing the sections to become widely spaced when
they are heated for flattening on the shde
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Mosquitaes which are to be killed and fixed for sectioning
should not be fed on sugar solutions for at least 3 days before
killing them  When the dwverticulum 15 distended with flud 1t
presses aganst the mid gut and causes distortion

When only a thin film 15 avasable for exarmination and para
sites are not found easily with the 2mm (3% 1 } o1l immersion
tens change to 2 375 mm fluonte lens  Although magnification
15 thereby reduced by nearly one half the smallest P falciparum
ing can be seen quite clearly  The 3 75 lens 15 also useful when
searching for scanty gametocytes  With the modern high grade
binocufar microscopes a 3 75 lens 1s adequate for all routine blood
film examunations of both thick and thin fitms and 1s 2 great time
saver  Alternatively a 4mm (}in) drv lens with a No 6 or
No 10 eyepicce can be used It 1s necessary however to cover
the specimen with a film of ol and apply a No 1 covershp

Stomachs and sections of mosquitoes showing oocysts stained
with hematoxyhn and movnted m 2 neviral medwm wsually do
not fade perceptibly aver several years If fading has occurred
however valuable specimens can be restored by the following
techmque

(I} To remove the covershp soak the shde n xylol 1f
the specimen was mounted 1n Canada balsam or in Euparal
essence 1f 1t was mounted 1 Euparal This usually takes several
days

(2) Absolute alcohol (two changes) at half hourly ntervals

(3) One per cent HCLan 70 alcohol and leave unul all the
stan 18 removed (usually 1-2 hours)

(4) Running water for at least one hour to remove all traces
of HCl
(5} Stam for about 10 seconds with Mayers fiemalum
(Pantin )

(6) Blue i alkaline water

(7) Upgrade 1n alcohols to absolute (74 OP  Industnal
Spinit) a few minutes i each

{8) Carbol xylol in 30 phenol 1 <ylol (30 minutes)

9) Two or three changes n «ylof to remove all traces of
phenot

(10) Mount i a neutral medium
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If difficulty 1s experienced 1n starting a Jaboratory colony of a
spectes of mosquito whose habits are unknown the first
essentral 1s to ascertain whether copulation occurs 1 the labora
tory Remove one or two females from the cage after they have
been 1n contact with the males for a few days and dissect out the
spermotheca  For ths di use the white back d of the
dissecting microscope because then the dark brown spermotheca
will show up clearly Drssect the spermotheca in salme transfer
the specimen to the mucroscope and apply a coverslip under
pressure sufficrent to rupture the sac Examne with the 4mm
(§1n ) lens If positeve the sperms will be seen swarmemg from the
ruptured sac  Even in an unruptured spermotheca the sperms can
often be scen and there 1s usually a rotaty antr-clockwise movement
of the sperms within the sac

Ta observe the process of egg hatchung Lft an egg from the
surface of the water with a trrangular prece of filter paper selecting
one that has been laid about 36 hours Transfer it to a cavity
shde contarning 10/ formahn and apply a coverslp Ina few
munutes the lacva will emerge and the formabin wall kil it It can
then be mounted as 2 fluid spectmen or the formalin can be
pipetted off and a different mountant used

When injecting ammals with Nembutal wipe the needle o
prevent the drug leaking  This will prevent sores developme al
the seat of mjection

The potnts of dissecting needles soon become damaged unless
special care 1s taken to protect them  even sticking them 0 a
cork can be harmful Keep the needles blades downwards 1 a
test tube which has a cotton wool plug at the bottom and a stopper
at the top If ordinary steel needles are used they should be
washed m hot water at the end of the day s work fo remove alt
traces of salt and then thoroughly dried to prevent rust formmg

Siide dryer slab  When large numbers of slides are to be
stained i bulk they can be set up to dry i the following \m{
A wooden slab preferably of teak 1{ méxde to the following
measurements will carry haif a gross of shdes

240mm X 240mm X 18mm (®y, m X 9fgn X }m)m
The stab 1s divided into e lines of grooves each 24m ap



PrAcTICAL HINTS 79

The grooves are 2m wide and 3mm deep By having the
grooves twice the thickness of the shide it 1s ensured that the shde
will rest at a shightly slanting angle  If the slides are placed m the
grooves with the blood film underneath they will remam dust
free while drying If the lines are too close to each other orif the
grooves are too wide the shdes when at rest will touch each
other and so prevent them drying  Plastic maternal prepared to

Pig 25 Shide dryer slab o hold half a gross of st des

the above measurements would probubly be as satisfactory as
teak and of course would be much lighter

Hardeming and brittleness of tissue can be avosded if after the
ussue has been 1n alkeohol for ot more than 2 hours it 15 then
transferred to methyl benzoate for 24 hours or longer  Transfer
to benzene two changes 1 hour m each and then inte paraffin
n the vsuat way

Many substitutes for cedar a1l immersion lenses are being used
cutensnely these days Amisolis satisfactory and has the advantaze
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that it 1s not sticky or greasy 1t does not harden on the shde and
a drop of Amsol disappears from the siide m about 20 mnutes
In the humid tropics immersion o1ls quickly take up water vapour
Also the morst breath of the microscopist can cause water vapour
to reach the film and make exanunation tedious and difficult
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