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ABSTRACT

Sera from 775 persons in 10 age-groups, living in

Lagos metropolis, were titrated for Toxoplasma antibodies,

using the haemagglutination test. The overall percentage

positive was 63.2%. The highest (78.4%) was found amongst

the age group rahging from 36-40 years, whilst the lowest
(48.2%) was recorded in the age grouﬁ-ii—is years. The
risk of nonuimmune persons acquiring infection was
calculated in the different aga groups using van Der

Veen's eguation.

Venous blood samples, cord blocd, as “well as placental

tissue were also collected from a total of 452 pregnant
women, who attended some antenatal clinics in Lagos. Of
the 452 samples studied, 60.18% welre poéitite for ‘

Toxoplasma an.ibodies.  70.7% of the cord wlood specimen

collected were also’positivé.

Transmission pattern of toxoplasmosis employing
cats was studied, as faecal samples of cats collected
randomly from different areas of Lagos were analysed,
using the formol-Ether Concentration technique after

Ritchie (1948) to detect the presence of cocysts. The

. cats were also bled for serological tests. Those found

to be negative were fed acutely-1ll mouse, and the course

of development of the parasite was observed.
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The effect of Toxoplasma infection on pregnancy was

 observed using mice models, and it was found that when

-pregnant mice were experimentally infected, intraperiton-

eally within the different thirds of their gestation
period, death occurred, beginning from the 11th to the

29th day, and not earlier.

Toxoplasma gondii trbphozoites were maintained

in vitro in different‘fluid media, with pH values
ranging from 6.3 to 7.3. The length in days before
the death of the infected mice was recorded and it
was rélated to the viability and number of surviving

organisms in the suspension. A graph of survival time

aohinst preservation time (both in days) was then drawn.

The maximum length of survival at 4°c was in whole human

blood, as well as in Foetal Bovine Serum, for up to 56

days.

The molecular weight of the proteins present in

. the RH strain of Toxoplasma gondii laboratory prepared

antigen (after Voller et al., 1976) was determined by
gel filtration on Sephadex G200 chromatography column.

The absorbance of the 3 fractions derived were read at

280 nanometers, and the molecular weights were determined

by extrapolation from a standard curve of %% against the

molecular weights of 4 standard pﬁoteins. The molecular

weights ranged from 12,445 to 186,209 daltons.
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CHAPTER I

"GENERAL INTRODUCTZON

Toxoplasmosls is a result of infectién by a'protozoan

(1908) it was

parasite Toxoplasma qondll, 77 years ago,

first recognized in the rabbit by Splendore in Sao

Paulo, Brazil ahd 3lso in that same year by Nicolle
nd, Manceaux (1908) in the North African rodent -

Ctenodaﬁtylus gondii (after which it was named). In

‘of children dying of neonatal enCephalltIS,

1923, Lhe organism was observed from an eye of ‘a child

in Czechoslovakla. It was called Encepha13t0aoon, and

wolf and Cowen (1937 recognized the organism 1in brains

and drew

attention to plécental tran9m1551on for the first time.

Infection in man was first proved only 46 years

ago by wolf et al (1939) who isolated T. 90ﬁd11 from

the braln of a child (a new born baby who had suffered

fromifits, choroiditis and enCephalomyelitis. Sabin

(1949) also showed that the parasite was the cause Of

menlngoencephalltls in 2 school children. subsequent

immunologlcal and biological studies eétablished the
!

jdentity of the causative agents. Soon afterwards,

antlbody productmon was shown to occur first by a

neutrallzatlon test in rabbit skin (Sabln and Ruchman

r



1942), secondly by a complement fixatiﬁn test (by
Warren and Sabin 1942), anc Lthirdly by a cytoplasm
modifying test, commonly called the dye test by Sabin
and Feldman (1948). These distoverieaaled to intensive

1nvest1gat10ns of Toxoplasma infections in most parts

of the world, first mainly in man, and later in othpr

animals. S —— -

The discovery by wolf et al (1939) that T. gondii
is the etioleogical agent of a highly fatal disease of
infanﬁs has led to the description of an increasingly
large number of cases in recent years. While a
ma jority of &88€s have been neonatal, charactefized
by hydrocephaly, cerebral calcificatioﬁ énd choriore-

tlnltls, (Elchenwald 1959}, a few adult cases have also

been reporued C-\C\crob and Jomoé’; i‘TbU)-

Wh11e case studies are clarlfylng Lho lenlcal

plcture of toxoplasmosis, and while a number of qtudleS'

on Lhe immunologic dlagnosls of the Jnfectlon’havm been
erorLed little is known about the biology of the
para51te, or its method of spread beyond the fact that
1t occurs in a wide varlety of mammals and birds.

T. gondii is one of the commonest protozoan
‘pafésites of man and animals, and occurs worldwide,
Dé—Roever Connet et al. (1969), De-Roever Bonnet

(1972), and Feldman and Miller (1956). Most achIEFd

har e —
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human infections are usually mild, but clinical toxo-
pl%smosis may present as a lymphadenopathy or choriore~
tiﬁitis, while congenital toxoplasmosis might lead to
maiformations of the foetus, (Khordi and Matossian

i

(1978) .

Toxoplasma infecticn affects practically eﬁery
oréan of the body, inciuding the spleen, heart,gbrain,
intestinal epithelium and cher organs. The tr?pho—
zoites of T. gondii are crescentic or banana—shﬁpéd,
with one end pointed and the other rounded, andéare
4 - 8 by 2 - 4 microns. The nucleus is vesicular and
more or -less central. Locomotion is by body flexion
whereby the protozoa follows a cock-screw path,
roﬁate on their longitudinal axis or gomersault
(Manweil-and Drobeck 1953), or by gliding. jhe
parasites occur within vacuoles iq4§béig host cells.
As the parasites multiply, they form a cyst-like
struétﬁre. The trophozoites in theicysts (Brédyzoites)
differ slightly from the proliferative ones in the
terminal colonies, referred to as tachyzoites.

Qocysts arelproducedmin_theuepithelial celis of
the ileum Qf fhe cat by the union of male and female
gémetes. They pass out in thz faeces of the caﬁ, and
aré indistinguishable from those of the-"small‘race” of

Isospora bigemina (Hutchinson et al, 1970). They are

A e T
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spherical ét first, but after sporulation are 11-14
by:Q—il microng, containing two eliipsoidal sporocysts

. about 8.5 by G;microns, each cohtainiﬁg four sporozoites
abouf_j by’?amigfons and a residiumTT"Apparently, -
vegetative stages alone { and no sexual stages) are
produced in all animalslPut the cat{ Transmission is
either by ingesting sporulated oocysts, ﬁongenitally via
" the placehta, or by ingesting infected meat or animéls.
_Reproduction in the—tiséue_is-bywendodyOgenyJ (éoldman
et al, 1958); This is a process of internal budding by -
‘which two daughter cells are formed within the parent
cell angd are released as proliférative forms of the
parasite.

The final product of sexual reproduction in the

cat is the fercilized zygote Lhal Lranslulis Lu @i
éoéyst; whicﬁ is the inféctive stage, and is eventually
extrudea with faeces, in the unsporulated state. It has
been shown that if a susceptible cat ingests gporulated
oocysts, and'developes intestinal infection the animal
will pass oacysts in 21 - 24 days. (Dubey 1976).
However, if a cat is fed with an acutely ill mouse
which harbours proliferative forms or trophozoites of
T. gondii in its tissues, oocysts will appear in the
cats faeces in 9 - 11 days. Finally, ;hen a. chronically
ill mouse -with cysts in its_tissués is fed to a;cat,

i
!
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oocysts are shed in the cats faeceé after only % -5
days (Dubey, 1976). The cat may also have an e?tra—
intestinal infection i.e., proliferative oocyst; forms
in various tissues which are infective to animais
eating the cat.
’ Althodgh éhe preval;nce of toxoplasmesis 1s very

. low, occasionally, epidemics occur (Maddison, 1979).

For example, in 1969, 110 persons were diagnosed with
acute toxoplésmosis, within a three—moenths study pericd,
‘at a University in Sao Paulo, Brazil (Schﬁidt and

Roberts, 1981). Most of the patients had eaten under-
cooked meat, thereby implicating impréperly—cooked meat
as an important soﬁrce of infection. |

T b -t
e A4 L) 1

~ - a.
LR W R

- i -
[P

Breék of £oxoplasmosis wés thought to be due to eéting
inaéeQuately cooked lamb (Masur et al, 1978). Also, a
stuéy on a group of French children revealed t?at those
whogwere served undercooked beef had a significantly
higﬁer incidence of toxoplasma antibodies than others

' who;were regq}arly served adequately cooked beef for

a period of time. wWhen the experiment was repeated,
using lamb, it was found that improperly cooked lamb

gave a significantly higher incidence -~ aboug ten times

that of the control population. From the above experiment,

[ e S Y S
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Jacobs et al, (19%%) concluded that, while beef is
certainly a potential source of infecéion, pork and .
lamb are more likely to be contaminated than otber
kinds of meat.

Feral and domestic cats are also ; source ?f
infection to humans (Hutchinson et al, (1971)%

The mode of acgquired infection has now beeh
confirmed to be by ingestion of oocysts from-cafs
faesces contaminating food or drink, (Hutchinson EE'EL
{1969); For example filth, flies and cockroaches are

capable of contaminating food and even drinks that

are exposed, with oocysts of Toxoplasma f(Wallace,

1671) and earthworms may also serve to expose cocysts
that are buried by cats. Joel é& al, (1971)_ showed
that whole blood or leukocyte transfusions and organ
transplants-are—élso potential sources of infection,‘
especially if the recipient is immunodeficientkbecause
of malignant'disease or steroid therapy.

Evidences accumulated.during.recent years have
helped to explain the high prévalence of Toxoplasma.
infection in some parts of the world. 1In some communities,
moré than 60% of the population are serologically positive;

(Feidman and Miller, 1956).
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‘Congenital transmission of toxoplasmosis accounts
for relatively few of the many infectioﬁs seen in man,
even thocugh such infections-probably account for the
ma jority of acute fetgl infections. It is generally
believed that a wcman does not transmit the infection -
to her unborn chfld, unless her primary infectibn
occurs during that particular pregnancy, (Eichenwald,
1959). The report of some workers such as Kimball et

at, (1971§)suggests that habitual abortion due to

_chronic toxoplasmosis is uncommon.

Although there have been reports of éxberimental
transmission (Huldt, 1967), as well as the possibilities

of natural transmission through droplet inhalation or

A A A s b s R
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Fhe inasckinan of wvarious hody £luide
is likely that such routes would account fcr only
occasional infections.

Despite the fact that there is high prevéience of

antibody to Toxoplasma in humans throughout the world,
clinical toxopiasmosis is not very common. This is an

indication that mcst infections are asyhptcmatic.

Several factors may influence this phenomenon. For

" example:

{(a) the virulence of the strain of Toxoplasma;

(b) the susceptibility of the individual host and

— -
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of the host species;

(c) the age of the host; and

(d) the degree of acquired immunity of the host.

Schmidt and‘Roberts (1981) have shown that tathfzoites
proiiferafe in many tissues and ténd to kill ho§t cells
at a faster rate than the normal turnover of suéh cells.
Enteroepithelial cells, on the other hand, normally live
only a few days, especially at the tips-of the villi.'
‘Tﬁus, in sﬁch cases, the pathology will be milder. The

extraepithelial stages, particularly in sites such as

the retina or brain, tend to cause more serious lesions,

as epithelial cells in the retina and brain live for

longer periods.

Symptomatib infections can be classified into acute;

subacute: and chronic. Tn mnst acute infectinne tha

-intgstine'is the first site of infection. In_éulminating
‘infections, intestinal lesions can kill kiftehs in 2.or
.3 weeks,. (Schmidt and Roberts, 1981). Next, the
mesenteric lymph nodes, and the parenchyma of the liver

. are then infected. The most common symptoms of acute
toxéplasmbsis is éainful swollen lymﬁh glands in Fhe
cervical, and/inguinal regions. This symptom may be
asséciated with fever, headache, muscle pain, anaenia,

and! sometimes lung complications, (Schmidt and Roberts,

1981) .



" in this host quite often reach epidemic proportions.

=%

In subacute infections, immunity develops slowly,
and consequently the condition is prolonged and pathogenic

lesions are more extensive. Damage in the CNS is

particularly extensive unlike in other organs of the

body, because of lower immuno-competence in the Central

Nervous System tissues.

Chronic infections result when immuni€y builds up
sufficiently to depress tachyzoite proliferation. This

coincides Qiﬁh the formation of cysts, which can remain

“intact for years, without producing any obvious clinical

effect (Remington and Cavanaugh, 1965).. Repeated
infections of retinal cells by tachyzoites can destroy
the retina. The presence of cysts and ruptured cysts
in the retina and choroid can also lead to blindness.
Other forms of extensive pathafogy that can ovccur in
chronic toxoplasmosis are myocarditls, with permanent
heart damage, .and pneumonia. _

| The most serious forms of this dlsease is congenical
toxoplasmoéis. Still-births and spontaneous abortions

may result from fetal infection with Toxoplasma in

humans and other animals. Sheep is seen to be particularly

susceptible (WHO, 1969). Abortions caused by toxoplasma

discase is said to account for half of all bovine

abortions in England and New Zealand.
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Transmission via the placenta occurs in congenital
toxoplasmosis.: it is generaliy céns;dered to be an

accidental complication of an inapparent primaﬁy

infection of a pregnant female, (Feldman and Mﬁller, 1956) .
Common lesions in congenital toxoplasmosi§ are

hydrocephaly, microcephaly, cerebral calﬁificaéions,

chorioretinitis, and psychomotor disturbances, (Feldman

and Miller, 1956) and (Eichenwald, 1959). 1In children

who survive infections, there is usually cohgenital

~ damage to the brain, manifested as mental retardation

el

and epileptic seizures. —— _ ~

In a case report given in Brazil
it was found that the death of a child that suffered
from convulsions on the second day of life was due to

Toxoplasma infection. Toxoplasma was demonstrated in

the tissues -of this-neonate and_cutaneous inoculations

of the tissues into animals resulted in Toxoplasma
infections. !

' The diagnosis of toxoplasmosis is usually based on’
clinical impressions, and may be confirmed in the laboratory
culture of the organism from blood or cerebrospinal fluid,
by inoculatien of infected tissue into mice, by histologi-
caljexamination of lymph node or by se;ological tests

(Alford et al, (1973). Determination of serum concent-

rations of antibodies is another way of confirming

LYy ——
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exposure to Toxoplasma infection. Occasionally,

Toxoplasma can be isolated and identified in smears of

lymph nodes, bone marrow, spleen, brain or other material.

.The organisms are readily identified-by impression smears
or smears of fluid materials; however, in histologic

preparations of fixed tissues, they do not exhibit the

typical morphology. Body fluids or ground tissues may

be inoculated intraperitoneally into yéung laboratory

mice from a Toxoplasma~free colony, and after 7 - 10 |
days; the per}toneal fluid and smears of lung, spleen,

and liver aie examined for the proliferative forms of

thé parasite. §Serum from the inoculated animals may also
be tested for the presence of antibodies. Serological
teé{s-ﬁay ﬁe_SSEé in all cases of Sugpected toxoplasmosis,
and a variety -of good tests are now available. For
examplie:

(i)  a complement fixation test (CFT) (warren and
Russ, 1948). o

(ii)' the dye test (sabin and Feldman, 1948) .

(iii) the Iﬁdirect Haemagglutination Test (THAT)

(Jacobs and Lunde, 1957). : . E

i (iv) the Indirect Fluorescent Antibody Tést |
fIFAT) (Remington, 1969 and Kelen g£_§£,1962).

(v) the Direct_Agglutination Test (DAT) (Desmonts

and Remington, 1980).

. A ey e W T
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(vi) and most recently the ELISA test for
detection of IgM antibodies to 2;_gonaii

: (Lln et al, 1980) . |

; Serum titres for the dye tests, indirect fluorescent
antﬁquy test, and the IHA tests can be detected earlier
i.e. are more sensitive}'reacﬁ much™highér levels, and
drop much later than do.those obtained with the CFT,
(Walton et al, 1966 ; Fletcher 1965). Tests of serum:
taken at intervals of several weeks can be useful in
determining the course of infection. Also, demonstration
of the organism at necropsy or biopsy is definitive
diaénoéis. In the case of a congenita%,ihfection, it is

important to diagnose the infection at birth, since early

specific treatment may be heipful. In such a case, routine

eyamina£ion of the umbilical gopd-blood is particulafly
deblrable. |

‘ Preventian and control methods to avoid _Toxoplasmg
" infection includes freezing of meat at ~4°¢ fof even a
few hours, (Schmidt and Roberts (1981) as this apparently
kills all cysts. . To avoid a multitude of parasites,
persons who insist on eating undercooked meat should see

thaE it has beéﬁ hard~frozen. Also, efforts should be

made to keep down the number of stray cats in our environ- .

-

ment as thes° serve as reservoirs of several dlseases.

Filth flies and cockroaches should also be avoided

-
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(Walléce, 1971) as they can also tfansfer Toxoplasma
oocysts frém cats' faeces to tbe dinner table.

Simple.précauﬁions‘for those at fisk incluée not
eaﬁing undercooked meat and, if possible, avoiding
contact wiih“EEEE- faeces. Hana washing before'food,
‘esﬁecially'after gardehing should be mandatory for
those susceptible, if there is a cat in the house.

For £reatment, py;imethamine with triple sulphona-
mide has been shown to give good results in ocular
infections, but 1t may cause macrocytic anemia (Eyies

:and Coleman, 1955). Although clinical improvehent or

Cage has been obtained by the combined use of pyrimethamine
an@ sulfonamides which.act synergistically, there is
-evfdence that the parasite may not be completely
gliﬁinatea, (Frenkel and'Weber; 1960). It is pﬁopabie'
that the resistant cyst forms persist and ﬁhese;may

later initiate aﬁ active infection in that hosté

‘ ;f
Most Toxoplasma infections are self--limiting, and

treatment may not be necessary. The exéeptions%are
patients with eye disease and those whd are immdnou
compromised. A combination of sulphamerazine, ﬁyrimeﬁh;
amine and folinic acid is the most successful, (Remington
and Klein, 1976).

Other-drugs that have been tried inclﬁdé co-trimox-

azole and the macrolide antibiotic - spiramycin, which is

"used in France for treating infections in pregnancy

SR
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when folic acid inhibitors are contraindicated.
None of these drﬁgs is of proven efficacy (Feldman,
968)
Splramyc1n is an erythromyc1n—like antibiotic, and
is said to act on parasites on the maternal side, and
not known to cross the placenta; (Alford et al, 1969).

/
Its dosage and timing by and large arc arbitrary..

Toxoplasma gondii antibodies were firét shown to

be present in tﬁe Nigerian human population, through a
serologlcal survey carried out by Ludlam (1965) in the
Délta Reglon~6¥“ﬁiger1a. He reported 64% of the 62

cases he studied as positive. Ogunba and Thomas (1979)
showed the prevalence in healthy blood donors to be about
20.5% in Ibadan area, whereas, 1in patients with eye
infections and with choriocarcinomé, its prevalence
1ncreabed to 44.39% and 45 9%, respectively. Olurin et

al, (1971) in another study of the disease in Ibadan

showed a high prevalence of Toxoplasma dntlbodles in

pati?nts with chorioretinitis. The zoonotic effect of

T. gbndii was also demonstrated by Okoh et al, (1981)

who did a serological survey on various animais and
indibated that clinically significant titres of Toxoplasma
antibodies were present in our Nigerian animal population.
This survey was however restricted to the Northern pant

of the country. o - -
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2& role of Toxoplasma infection in the epidehiology
of habltual abortion was also 1nvest1gated in Ibo
WOmen in the Eastern part of Nigeria by Megafu and

l

Ugbuegbulam (1981), and they concluded that there was a
higher incidence of the ‘titer in Women with a h;story
of recurrent abortions than in the control group. Also,
patients in the low income groups were shown to have a
much higher incidence of the titer than patients in the
higher income group.
Despite the fact that few people have reported on the
présehce of toxoplasmosis in the Nigeriah population,
the studies have been localised, aﬂgﬂgeftrlcted to certain
regions, therefore to get a clearer picture of the
infection pattern in Nigeria, ;t-becomes necessary to
fili in the gaps and study areas that.have not been
in;estigated.

In spite of th@nwépkMQOnewpyﬁthe eariier mentioned
authors, the unanswered questions with regardg to
toxoplasmosis in. Nigeria include the study of the infection

in Lagos, with the following objectives:= (i) To determine

the age prevalence levels of Toxoplasma

antlbodles in the general populatlon, as well

as in pregnant wcmen; and also to correlate

y
antibody presence with susceptibility to

infection.



(ii)

(iii)

{iv)

(v)

. 16~
To determire the prevalencé of !
toxoplasmosis in stray and domesticated
cats; thereby determining the sources

and modes of infection in the community,

and transmission mechanism.

To find the effect of Toxoplasma infection

in. pregnant mice; with reference to

recurrent abortions.

In-vitro culture ‘pattern of T. gondii

in fluid media.

To separate and identify (using molecular

weights) the different chromatographic

FTERe 1 ahmratary nranared
e I ahnrs Mo 14
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Toxoplasma gdﬁdii antigen, after the method

of voller et al, (1976).

-

R G S TR T



Fag

-17-

CHAPTER II

LITERATURE REVIEW

fransmission Patterns and Factors Affecting it: *

Since 1970, when T. gondiit was demonstrated %o.be an
Isosporan crganism similar to ‘the small form of Isospora |
bigemina, cats have been implicated as definitive hosts
and transmitters of this disease Dby certéin'authors
including Hutchinson, et al., (1971), Sheffield and
Me}ton (1970) and Frenkel, et gl.,(1gzgz._ However, .
epidemiclogical sﬁudieé which have.investigated the
assocliation of pogitive Toxoplasma skin test?'and
serology _with_exposure to household cats have been
quite:inconclusivé. ‘

McCulloch, gi‘3£.1“L1963)_in_a;ékin test_survey of
veterinary and medical students found a statistical
assoclation.of positivé reacters and moderate or’marked
contact with cats. They also-found a relationship
between positive skin tests and contact with swine,
horses, sheep, cattle, chickens, and turkeys. Whereas
Price} (1969) %P a study on an urban community; found
no as%ociation'with cats alone, but did find a greater
frequéncy of positive titers among individuals who

owned either a cat or dog, and amongst those who
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handled pet food and owned dirty kitchens.

pPeterson et al., (1972) also studied the age-

standardized Toxoplasma prevalence rate for 235 subjects

who had possessed a pet cat, and found it equalied 20.9%
compared to 9.3% of 78 respondents de;ylng pouse551on
Corresponding data for pet dog possession, farm living,
and meat cooking preference ylelded dlfferenceséthat
were not statistically significant. This sfudyéwas
dohe on adult health clinic patients in Seattle,
Washington.

Fisher and Reid, (1973) investigated animal contacts

among blood donors and found no significant assoclation

with possession of cats nor with duration of conuact.

Investigators such as Schnurrenberger, et al.,

- ~da AT
u "y e kb Wy
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correlate the—incidence of detectable toxoplasmosis
with animal contact, and found that antibodies were
present more fréquently-in persons who are injcontact

with animals ang animal products.

Epidemiology:

Feldman and Miller, (1956) conducted dye test
surveys amongst 10 human and 24 animal populations.
In their ‘tudy,_only titers of 1:16 (original serum
dllutlon) or ,more were considered to be p051t1v9

They were also able to show that all humans do not

g "



react in the same way to the production of antibodies

to Toxoplasma.

The subject of age prevalence;levels of Toxoplasmosis
have been studied for ages using the aifferent diagnoséic
tests available. High infection rates in &hildhood, |
which are attributed ﬁo the abundance of cats, and
playing haﬁits of young.children, were reported froﬁ
villages in North Iran b; Ghorbanil_sgugl.{_g1978) who..

. used the Indirgct Fluorescent Antibody Technique (IEAT).
The‘antibody positive rates rose from 17.3% in the second

year of life to 59.7% for a 5 = 9 years age group.

In.order to obtain information on Toxoplasma

infection risks at different ages, van der Veen and
Polak (1980) examined sera from 1661 persons in various

age groups, for Toxoplasma antibodies by the Indirect

4. 1.
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positivity was interpreted as evidence of continuous

. risks of Iinfectioh with Toxoplasma during the first ten

years of life until the age of 50 years. :
The epidéﬁiolOgy of Toxoplasmosis in Kuwailt was

determined by Behbehani and Al-Karmi, (1980), and they

ﬁ

found the incidence to be high amongst the Kuwaitis,
_and to be directly dependent on the initial condition
of tﬁe patient. In general agreement with the wcrk of
otheés; such as Mahajan, et al, (1975), there-was no

obvious difference between the proportion of females

as cohpared with males with antibodies to Ei_gondii.
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gxtreme effeckts on sero-—conversion were ébserved
by Desﬁonts, et al., (1965) in a tuberculosis department
Ofia hospital near Paris, where under cooked meat was
ser%ed to children as a normal diet constituent. Of

644§children without antibodies, at the time of admission,
ZO%Ebecame seropositive during the course of their
hoséital stay,Thist correspohds to a monthly infection
risk of 5.9% as calculated from the formula of Van Der
veen and Polak (1980). -

Mackie, EE:EL'! (1971) reported in their study
which agrees with previous réports of éurkinshaw, et al.,

(1953), Cuok and Derrick (1961), Fair (1959) and Hongo,

t al., (1964); that the incidence of toxoplasmosis was

not more frequent in the mentally retarded than in normal

.
e ama N o b 3 a [P s -
populations. The IFAT and the IHAT were wsen ko run

- this experimenﬁ. Due to the nature of the test, the
surface antigens of I;.gondii were tested in the IFAT,
while intracellular antigens. were measured in the IHAT
Siim (1968). B
% PIn‘a conference on the subject of prevention of

meﬁtal retardation through control of infectious diseases,

i

Frénkel (1966) stated that "more rapid diagnosis and more
effective chemotherapy applied to infants with generalized
toképlésmosis should make it possible to reduce the pro-

poftion of those sustaining cerebral damage and blindness,

reéﬁlting in mental deficiency".

]
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Cohgenital Toxoplasmosis:

y .
wilson et al., (1980) studied the development of

adQerse sequelae in children born with congenital

Toxoplasma infection, and concluded that those born

with subclinical infections subsequently develop
clinically evident disease. In the United States, one

in one thousand live births suffer congenital infection,

caused by toxoplasmosis, although this incidence is lower

than ,that of congénital infection with cytomegalovirus,

it is equal to or greater than that of congenital
‘ t

rubellar infection.

i

Alford, et al., (1969) did prospective studies to

determine the clinical nature of the chronic

intrauterine infections, including toxoplasmosis.

Lile o vt o bbb na d e
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Curing o
with proven congenital toxoélasmosis were detected
out of 7,500 screened. The incidénce ofvintrauterine
toxoplasmosis as defined by this approach in their
population then averaged 1 case per 750 deliveries
fo: the 23 yeaf interval studied,_ﬂzgey fquhgr.went_-

on to show that of these 10, 1 with an overt congenital

infection, "ifiveIving hydrocephaly and infected CNS fluid,

died after 4 months. Another with serious chorioretinitis

and infected Céntral Nervous System (CNS) improved after

treatment, but a follow-up showed that Intelligent
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IPyrimethamine.

“women of different ages or geographic-areas vary in

_the lowest incildence of congenital tokoplasmosis would

! =22

Qquient (1Q) was nolt well developed. Tﬂerotheﬁ 8
responded well with treatment of SQiramycin and?
|

Kimball, et al., (1971) in their studf on congenital
toxoplasmosis showed that the incideﬁce is simply an
index of the raﬁe of acquisition of the infection by

the pregnant mothers. There was no evidence that

[ I e
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the rate at which they transmit the infection to their ;
offspring. The age group showing the highest rate of
antibody acquisition differed in all the studies

mentioned above. According to B;oadbent,ugg‘gl.,(1981),

BT

. -

be expected in children born to women aged 26 — 30

yeoars (A0% of the sikudy narmilatian) and the hiaohest

ihcidence'in those born to women aged .5 - 40 (67%).

Ruoss and Bourne (1972) found their highest sero-

r

conversion rate in the 20 - 25 years age-group;and
a sﬁable low'gate in the two groups BQ - 35 and 36 -

40 ;ears. In this latter case, the pregnant population
that was studied was mﬁch younger than in the former case.
Desmonts and Couvreur (1974) dealt with the.out—
come of 180 pregnancies, (abortions excluded) complicatea

by primary maternal toxoplasmosis. Definite evidence of

congenital infection was obtained in 59 cases and
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possible evidence in 11 cases. THUS "the risk of fetal

infection was about 40%. The ratio df subclinical to

clinical infection of the child waé 2:1.

Experimental Toxoplasmosis:

.

Cowen and Wolf (19?0) experimented on congehital
Toxoplasmosis, using mice model, and attempted'using
the vaglna as a portal of entry of the para81té. The
result of thclr work thows the incidence and general

characteristics of such an infection in the female and -

* found ‘out that there was no significant difference in

4

the effectiveness of the 3 strains of Toxoplasma

emélgyed. The incidence of toxoplasmosls in pregnant

-

animals (82%) was approximately 3 times, and the

/Aol \
e N

1nchence in 'mated’ animals witioui pgegnancy

was almost twice the rate of infection in virgiﬁ mice (27%) .

Cooney, _é al.,(1958) had studied the complement
leatlon Test with peritoneal exudate antlgen, and
cqncluded that antigen prepared from the abOVe source
ﬁés gained disfavour. for use in complement fix;tion
tests, because they are more antl—COmplementary than
antlgens prepared from chorioallantoic membranes from

1nfected chick embryos, and because satlsfactory

control antigens are not available. The dlsadvantages

“include the fact that the.lower reactivity of Perltoneal

A
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Egudéte (PE) antigen as compared £o Choricallanhtoic
‘Membrane (CAM) antigen can be attfi§uted to a latcr
rise in titer, and an earlier disappearance of
r%activity to PE antigen; as this has the practical
a@vantage of permitting a rise in titer to be shown
mére frequently when PE‘antigen is used.

- Chordi, et al.,(19648) studied the spgcificity of
tﬁe indirect -haemagglutination test for Toxoplasmosis,
and the differences in test reactivities were determined
by testing 1Q2O sera by the methylene Blue Dye (MBD)
'test,'and the Indirect Haemagglutination Test (IHA).
The resuits obtained show that the agreement between
‘the two tests was increased from BO% to 93% correlation,
with the utilisation of the haemagglutinations inhibition
_reaction to separate anpigens'or the one-step feaction
to eliminate non-specific reactions;‘ They alsé found
out that the presence of soluble antigens, the production
of precipitates by heparin and clotting of fibrin, and
the quality of accessory factors that meodify or
interfere with the MBD test are factors that do not
affect thé IHA test.

Huldt (1967) carried out a study on the host-

pérasite interaction in reticulo-endothelial and
ijymphatic tissues of sero-positive—amimals,~in order ~

to elucidate‘some features of the complex defence

B
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mechanism in toxoplasmosis. Some of the main findings
sﬁow that considerable proliferation of monocytes.
both in the spleen and the peripheral blood was
dembnstrated "in all experimental groups. Likewise,
a‘significant increase in 1afge lymphocytes in imprints
from lymph nodes and in lymph was demonstrated in all
gr&ups.

éPande, et al., (1961) did a comprehensive
in;estigation on the immunochemistry of this protozoan
sﬁecies, and isolated and studied a polysaccharide

fraction, with special reference to its immunobiological

‘properties. The RH straii of T._ gondil was used and

the chemical analysis showed some unusual featurés, as
the nitrogen- content varied from 0.8% to 1.2%, and
pﬁosphorus from 0.2 — 0.4%. Studies on' its topographic
distribution nn intact cells of T. gondii indicated
that it is at leasf a paftiai surface antigen.

Huldt, et al., (1973) also studied the effect of

. 1
Toxoplasma infection in mice, during the neonatal period,

and in comparison with matched controls, growth was
significantly retarded in infected animals. Thymus-

weights were also markedly reduced, in relation to

"body weights. They also reported that parasites

were never found in thymic lymphocytes in sections

or imprints. 1In this study, Toxoplasma of low

virulence was used, and each animal was infected with

——— o ot b -
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about 3 - 5 cysts within 24 hours, after birth. 1In
mice infected as adults, a marked effect on thymus

welght and immune responses were observed. At 3 weeks

after lnfectlon, a significant reduction in thymus

- was recorded. They flnally concluded that Toxoplasma

1nfectlon affects both the anatomy and function of the

thymus. The mechanlsm of the effect is nbscure, however,

it seems that adrenal activity might be a contributing

factor. This was later proved wrong, when experiments of

adrenalectomy did not eliminate the effect.

1mmunosuppression in Toxqplasma infection has been
studied by different authors,-including Buxton et al.,
(1980), who studied the effect in mice infected with
léuping—ill virus. Buxton and his associates used the
MT strain of Toxoplasma, (an avirulént cyst-producing
strain), and inoculatidn was intrape"itoneal. The

result of thelh study showed thaL the onset of

l T o m—— e o —

v1raem1a was delayed in mice thaL received virus 7 or
14 days later, but thereafter more dually lnfected
mice were Viraemic than control mice. They however,
went on to show Lhat mice which received virus 7 days
after T. gondii had a cumulative mortality of 42.5%
compared with 37.3% in mice given virus alone. They

therefore concluded that T. gondii is capable of

producing 2 independent mechanisms, and proposed
) 4

that one might possibly be mediated though the

———
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the CF test, and 3 by the HA test.
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stimulation of interferon production by the Toxoplasma.

Tn another study in Scotland,. on the perinatal

‘aspect of the disease, Williams (1977) collected

hospital data of a prospective survey of antenatal
women attending the Royal Maternity Hospltal in Glasgow,
and used an automated complement fixation technque

(CF), as well as a dlrett Haemagglutination test (HA)

- for comparative purposes, on the survey. The comparative

7 .
results on approximately 9,500 sera, involving 4160

Qomen show that 53% of the 65 sera were detected by
both the €F test and the HA test. 9 were missed by

W

The most frequently used serological tests desoribed

for the detection of entibodies to I;-gondii include

the Indirect ‘Immunofludrescence (IIF) (Kelen et i,

.(1962), Passive Haemagglutination (Jacobs and Lunde;

1957), and the dye test (Sabin and Feldman 1948).

ﬁecently, some other workers have deviced and described
. )

new tests for the detection and measurement of

Toxoplasma antlbodlcs. . They includeIVoller et al.,

(1976), who deviced a mlcroplate enzyme labelled ant1~
globulln followed by assay of the enzyme reactlon w1th
1ts substrate. The test is easy to carry out on a

large scale and there is a positive correlation between

b m e A o e ———— . | — = -

the results and dye test and haemagglutlnatlon test titre.
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Another new method recently dev1ced is the micro—

titre Radio~immunoassay (RIA)_for Toxoglasma gondii

antibody deviced by Finlayson (1980). The RIA

des;ribed was developed in an attempt to find a test
which was specific for one Immunoglobulin (Ig class of

antibody and which could be used to handle large

numbers of samples more readily than those mentioned.

In this case, the test sera are reacted with antigen
‘ A
sensitized wells and any attached antibody is shown by

the addition of a radioisotope — labelled anfiglobulin.

."f'-'l. TR

Also, Desmonts and Remington (1980) deviced a new
method for increasing the sen51c1vity and spec1f1c1ty
of the agglutination test, and a method for suppressing
non;specific agglutination by the use of a buffer
containing 2 - mercaptoethanol (2ME). Peculiar to the
preparation of this antigen is the fact that tho RH

strain of Toxoplasma is cultivated along with mouse

TG180 sarcoma cells in the peritoneal Cévities Of mice.
This produces a Yield that is approximately 10 tlmes
more than can be obtained when the conventlonal method

of inoculating Toxoplasma alone is used. E

In another study a stable haemagglutinationiahtigen

for detectlng Toxoplasma antibodies, which will remain

stable for at least 1 year at 50% has been described

by Thorburn and Williams, (1972). -In doing this, they

used peritoneal exudate from cotton raté, as opposed

i Id
ke
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to mice (which—are usually used) and the cells were
sensitizee wite pyruvic aldehyde and suspended in
Sorenson's buffered saline pH 6.0. The haemag-
glutination tests were performed-in microtitre wells,
and stardardized against the W.H.O., reference serum.
The Dye Tests were performed accordlng to the method
used in the Public-Health Laboratory Service (PHLS)
Toxoplasma Reference Laboratory in Leeds. From this
researcii, they concluded that the correlation of

Haemagglutination and Dye Test results may rest to

some extent on the relative concentrations of the

ImmanogyiobulinTlass of Toxoplasma antibody present

in the serum.
. With all this done, there is still need to

contribute to our knowledge of Toxoplasmosis in our
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t:lllv‘.'x..a.luumc.‘s't_, co il oup w
scattered areas of study, some of which have been

‘mentioned in this text.
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CHAPTER III

PREVALENCE OF TOXOPLASMA ANTIBODIES _IN THEmOPEN POPULATION

INTRODUCTION:

Toxoplasma gondii is being studied intensively

because of its importance as a cause of human disease.
Tox0plasm051s is apparently extremely common in man,

and also in many domestlc anlmals. As Jacobs et al,

(1957) said,}"there is a sea of Toxoplasma infecticn

around us"., However, toxoplasmosis is far less common.

Most infections are inapparent, and the disease itself

appears only under special circumstances, many of which

are still ‘unknown'.

" The vrevalence of antibodies vary -widely in man in

different geographic locations. For example, according to

Jacobs et al(1957), there is relatively less infection

in California than in the East United States. 1In

)

Bfazil, Walls and Kagan (1967) found that the prevalence

of antibodies among military recruits was high, in low
plaln areas and low in the mountainous areas.

These statements were later confirmed by Feldman,
(1968), and Zardi et al.(1980), who have indicated that
téxoplasmosis is affected by climate. |

| The fole of toxoplasmosﬁs as a world-wide zoonosis

has been established, but its epidemiology on a world-
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wide basis has not yet been élucidated.

4
Several attempts to estlmate the rate of acquisition

oijoxoglasma antibodies by humans have been reported
(Feldman and Miller, 1956), but additional studies of
acquisition rates in different areas will help to
clarify some of the gquestions concerning the mode of
infection. ,

_ Seroepidemioldqic“screening~surveys have shown
thét seropositivity ranged from 2 ~ 93% world-wide,
depending upon the population surveyed. In Nigeria,

'the overall seropositivity rates have not yet -been

determined, as the few investigations carried out have

peen restricted to a segment of the country.
The first report in Nigeria on Toxoplasma anti-

bodies was On the 1nhab1tancs of the iiyer Deil

region by Ludlam (1965) who reported b4% of the 62

cases he studied as positive.

. The prevalence’of Toxoplasma antipbodies in healthy

blood “donors was found by Ogunba and Thomas (1979) to

be i20.6% in Ibadan area. They used the Latex slide
Agglutlnatlor Method and the Indirect Fluorescent

Antibody Tests. In patients with eye diseases, and

in:choriocarcinoma patients, the prevalence increased

to 44 399 and 45.9% respectively.

-1nianother study of the dlsease in Ibadan showed a

high prevalence of Toxoolasmg_antlbodles in pqtlents

with chorioretinitis.

olurin et al.,(1971)
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Despite the faﬁt that various invéstigétoré haQe
stﬁ@ied To;qg}igmosis in tropical Africa, inclgding the
Delta region and“Ibadan'areaS"owaigeria, no report has
been published on the severity of this infection in

other parts of Nigeria including Lagos.

This survey reports on the prevalence of Toxoplasma

antibodies in the Lagos metropolls in various age
groups and this is correlated with stceptibility to
infection. It also reports on the incidence of

primary infection.

'
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MATERIALS AND METHODS

Serum Specimen:

5 ml of venous blood was collected with stgrile
disposable needles and syringes from each of 775 health
clinié patients, selected at random. The patients
repo?ted to some hospitals located in 4 ma jor areas
of L?gos City. These areas are Yaba (189 pérsons),
Ikeja (197 persons), Surulere (225 persons) and Lagos
Islaﬁd (164 peﬁsons). |

%atients were chosen from amongst those who feported
for koutine check--up, and weré found fit. The biood
sample wés stored in the cold room at -4°C over-night,l
aftep.which it was centrifuged at 6,000 r.p.m. for 30
minutes to complete separation of the serum. Serum was

collected with sterile pasteur Pipettes and stored in

bijou bottles at -21°C. They were inactivated before

Use in a water bath at 56°c for 30 minu%es. :

Serological Tests:

The Wellcome haemagglutination test kit was used in
this study. It is often referred to as the Indirect or
passive Haemagglutination test for toxoplasmosis, based

on the work of Jacobs and Lunde (1957). The procedure

used in the ﬁesﬁ-i;'that suppiied by the manufacturers

(see'Appendix). Toxoplasma Haemagglutination Test

e e
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(Toxo-HAT) uses a suspension of formalin tanned, turkey
erythrocytes coated with a. sonicate of T. gondii énd-
freeze-dried. This test is readily standardized égainst
the wWHO Internaéipna} Standard, as it contéins a .
positive control énd a negative'control.sera. ‘
T@e_testg were performed in polystyrene micro%itre
plates and an Oxford Micropipetting diluter which ;as
equipped with d15po$able tips to eliminate mixing of
"the samples was used. Serial dilutions weré made,.and
the test and control sera were added. The plates were
- then covered, and allowed to rest on the desk. The
reéults were read after one hour aﬁd compéred with the
standard positive and negative control wells, which
were repeated on every microtitre plate used, to ~
elimiﬁ?te.errors that might be introduced from the
environment. The microtitre plates-Qere kept and

cross~checked after 24 hours. The tests were repeated,

and thé results agreed with each other, and were similar.

K-=Values (Infection Risk):

The K-value indicates the risk of non-immune (sero-~
negative) persons acquiring infection, and this is used
as a measure for the incidence of primary infections.

The infection risk is derived from the prevalence
of antibodies in’ﬁuccessiVe age groups, from the equation

(after Van der Veen and Polak ;980).
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where Po =

Pl =

-35-

K = (log Po -~ log Pl)
( e e )y x 100

t

J : '
the percentage of negative sera in the younger
age group.

Percentage of negative sera in the older age

group.
Base of natural logarithms.

Interval (years) between median ages of both

age groups. .
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RESULTS )

Of 775 specimen tested for:Toxbplasma antibohies,

490 (63.2%) were positlve, &t titres ranging fro& 1:16 to
4:1024 dilutions. A majority of the positiQe casés were
hetween the 1:16 and 1364.serum dilution levels; which is
refefred to as the latent phase of infeé;ion, whereas,
only one had a titer of 1:1024 dilution (acute phase).
There were a few cases of 1:256 serum dilution levels,

which had no complaints. The results—in the different -

age groups areé shown in Table I: From the table, it could be

seen that specimens were collected from persons between
the ages of 6 years and 55 years{ The lowest number
studied was (18) in the 51-55 years age group, whereas,

the highest-number'étudiedﬂwas (157) 'in the 26-30 years

®0ge aroup. ‘That'notwithstandinq.'the highest percentace

positive was seen in the 36-40 years ag: group, while the

~lowest percentage positive was recorded in the 11-15

years age group.(Figure I. - 4\
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(in Years)

TABLE X: SHOWING THE PREVALENCE OF INFECTION WITH
T. GONDII IN LAGOS IN DIFFERENT AGE
GROUPS, USING THE INDIRECT HAEMAGGLUTINATION
TEST. o |

Age (Range) No. in Percentage No. " Percentage

Group of Study Positive Positive
‘ Population

6 = 10 55 7.096 28 50.9
11 - 15 87 11.225 42 . 48.2
16 ~ 20 91 11,741 49 53.8
21 - 25 140 18.06 90 64.2
26 - 30 157 20.258 -+ 102 T 649
31 - 35 88  11.354 65 73.8
36 = 40 51 6.580 40  78.4
43 = 45 otv §.451 36 iz
46 - 50 38 4.903 _ 26 68.4
51 - 55 18 2.322 12 66.6
)
TOTAL 775 100 490 63.2

e
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FIGURE I1:
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Figure I showé the profile of the infection rafe

in the different age groups with the minimum of 48.2% in
the 11-15 years age group, and the maximum of 78.4% in
the 36-40 years age group. Tﬁese results show thaf the
infection rate increases with age, after an initial
drop, at age 11<15 till it reached a peak, at 41-45 years
and starts to drop again after 45 years of age. NoO age
group within this study population 1is comﬁletely free

of the antibody for Toxoplasma gondii.

0f the 4 different areas of study shown in Table II,
‘the highest percentége was recovered in the Suru;ere
area (69.8%), while the lowest was 56.8% in the Ikeja
areé. From the total number positive, we find that the
gfeatgst numbei is seen in the 26-30 Qears age group;
whereas the lowest is seen in the 51-55 years age gréup.
In Surulere area, the peak lies in the 26-30 years age |
group,‘whereas in Yaba, it falls in the 21—25 years ége
group. Both the Ikeja and Lagos Island patterns are
similar to the Surulere pattern, thereby leaving the

vaba area out on its own.
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PREVALERNCE IN THZ DIFFERENT

]

TABLE IT :
STUDY AREAS, SHOUN IN THE DIFFERENT AGE-GROUPS.

Age Groups Numbﬁf Positive
(in Years) | Surulere | Yaba | Ikeja |Lagos Island | Total
6 - 10 10 7 5 6 ' 28
11 - 15 16 12 5 9 42
16 - 20 .18 12 9 10 49
21 - 25 24 30 16 20 90
26 - 30 31 19 29 23 102
31 - 35 22 17 16 10 65
36 - 40 12 7 15 6 40
41 ~ 45 12 7 8 9 36
46 ~ 50 7 6 g 5 26
51 - 55 - 5 2 1 4 12
Total 157 119 | 172 102 490
Positive ,
Total in 025 | 189 | 197 | . 164 775
Group
Percentage 69.77 62.96] 56.85 62.195 6332
Positive )
Percentage
of the
Study 29.32 0a.31) 25.41 | 21.16 100
Population




- the 11~15 years age group; from 49.1% to

—d 2

'

'

&able III and Figure II show the calculated
infec£ion risk (K-values), after Vvan ber Véen and Polak
(19803. The relatlonship betweenfthe recorded K-values
and the percentage negative seré in each pair of age
groups, using their median as average age is direétly'
proportional to,eacﬂiother. This is shown if the results
are considered,in'pairSa=“~Betweeﬁ.the'fihst_péir.of
readings, it is seen that there is a rise in the
percentage negative from the 6-10 years age group;to

$1.72% over
5 years interval; and the K-values also ;ﬁow a rise
from =1.04 to 2.28 respectively. This patterh holds
throughout the whole Table; and depicts the number of

sero-negative people left in each.age grcup that can be

sero-converted.
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TABLE III: _ ____

-

SHOWING THE CALCULATED INFECTION RISK (K-VALUES)

(after van Der Veen and M. F. Polak, 1980).

K=-VALUES

~-43-

Percentage | Interval (Years)
?ge Group Negative Between Median K—~Values
n Years)| ¢
: _ era Ages
6:- 10 .
_ . 2.62 5 years -1.04
11. - 15 :
_ : 5.55 5 years 2.28
16 - 20 .
10.45 5 years : 5.13
21 25 . ' .
0.7 5 years 0.4
26:= 30
. 8.9 5 years 5.88
31 35 . ;
5.1 5 years - *4.35
2 4C
-7.0 5 years ~-5.75
41 45 '
-3.57 5 years ~2.4
46 50
-2.73 5 years -1.060
51 55 :
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DISCUSSION:

The overall seropositivity which is 63.2% in Lagos
metropolis is much higher than reports fgoﬁ other parts

of Nigeria, with the exception of 95.4% pfévalenqe‘reported

by Olurin et al. (1971) in Ibadan.

The trend in Nigeria is seen to compare closely with
that éf other Countries as shown in the work by Feldman
(1968) in Europe, Zardi_et al.(1980) in Somalia, and walton

;EE ali(1966) in Central America and Guatemala. They showed

‘that the percentage infection is higher in a more humid

atmosphere. In Nigeria, the Niger Delta region where

Ludlam (1965) recorded 64% of the 62 cases he studied as

positive is obviously much more humid than Lagos State,

and the latter much more humid, when compared to the

L« Y .
Ibadan area where Oaunba and Thoma s (1979) recnrded 20.R%

and 45.9% in patients with eye infections and choriocarci-

noma patients.

i

The results of the Indirect Haemagglutination tests
3

show that there is a definite source of infection and

re-infection in our environment; hence the display of sero-

-positivity in each age group. The method of this reinfection

has not yet been established in this environment, and

this leaves room for further research. The most important
mode of infection which comes to mind, and which is yet

to be inveStigéted, but thought to be a risk of re;

infectivity is through ingestion of oocysts from

{
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fresh vegetables (in salads), eucn as lettuce
and spinach, since the incidence of stray cats in Lagos is very
hidn and these roam around our farms and gardens
at night. The established mode of infection so far
reoorted is through the ingestion of under-—cooked
infected meat. | ' '

The  low infectivity recorded in the 6-10 years age

group might be due to loss of the antibodies acquired

prenatally. The progressive increase in the prevalence

of the antlbody after the 6-10 years drop may therefore
be as a consequence of acquired infection, which reaches

peak at the 36-40 years age grcup. The low infectivity

recorded for the older group may e1ther, be due to the

higher standard of personal hygiene (since reinfection

occurs orally), or it may be that the infections in those

Jinitially infected are going into latency, and thus,

leading to "a drop in the infection rate.

The pattern of the K-values calculated can be
interpreted to mean that, from childhood'up to, the age
of 30 years, there is a very high infection risk, which-
means that in each age group, the sero-negative people
stand a high chance of sero—conversion. This is due to
the-fact that the percentage negative in the younger age
group is usually always more than in the older age group
(wi;h few exceptions). After the age of 30 years,
thézrate of sero—conversion is less, and the number of

ii

sero—negative people left in each age group becomes
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3
fewér, as they éass into an older age group, hence the
negative K-values. This trend 1is particglarly seen 1in
the 36-40 to 41-45 years age‘group. The results obtained
so far agree with the fact that age is a ;ontributory
faétor to the subclinical infections of ggfggiggmg in man.
Other factors inc;uce virulence of the strain, as well ‘as
the;SUSceptibilitY of the iﬁdividual host (Smydth (ed.)
1981). |

: Con51der1ng suspected cases reported in Lagos

Unlver51ty Teaching Hospltal (LUTH) wltnln the last 11
mon;hs between June 1984 to April 1985, a falrly high
peréentage of positive cases (53.42%) have been recorded.
One:case presented with a congenital bilateral cataract,

whlle a number of others presented with eye compllcatlon

mLerc wals alss o wvory cignifitcantl

in a 36 years oid female who reported to the hospital.
Unfortunately, there was no ' follow up,; even
in such a'delicaée case. Most of the infants who had

positive titres of between 1:64 and 1:256 presented with

cases of congenital jaundice, for which they were being

treéted.
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CHAPTER 1V

PESVALENCE OF TOXOPLASMA ANTIBODIES IN PREGNANT WOMEN

TINTRODUCTION:

Transplacental transmission from the mother to her

dffspring is_perhaps the commonest cause of

toxoplasmosis.
'

?ongenital toxoplasmosis wés first suspected by Wolf
and Cowen (1937);in New York City, where they recognized
the organism in‘brains of children dying of neonatal
encpphailtls‘éga_arew attention to placental transmission.
Although'many of the fundamental biological features of:
toxoplasmosis are todayiLell known, the pfactical problem
of prevention of 1its most serious consequence disabling
congenital disease remains unsolved. rhe'reasons vary in
different communities, as Remington and Desmonts (1976)
repo}ted, but a;e concerned with detection of the chief
mode of spread, assessment of incidenée, delineation of

vulnerable ante-natal women in latently infected populatlon,

and assessment of the risks of therapeutlcs._

Flndlng the solution to these problems have led to

i

the‘study, of the prevalence ; of Toxoplasma

antiﬁodies in pregnant women in the Lagos.metropolis, and " !

to cbrrelate the éntibody levels with the pregnancy outcome.
Megafu and Ugtmegbulam (1981) suggested that some

cases of recurrent abortions in Nigerian (Ibo) women
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- the differential dlagn051s of nearly all types of obscure

normal on clinical and routine ancxllary examlnatlon

is close tb'go%.

may be due to infection of toxoplasmosis. However,
Southern (1972) and Kimball et al, (1971) in their
different studies, in different countries, did not

find any aetiological relationship between toxoplasmosis

CamagE- L

infection and recurrent abortion.

The difficulty in identifying infected neonates due

I4 .
to variation in its clinical manifestations have been

L ey EYTE TERW W B 0,

demonst;ated repeatedly by Eichenwald, et al., (1952),

Feldman (1953) and Sabin (1959); and this led Eichenwald
(1959) to state that "congenital toxoplasmosis is a
disease,With an extraordinarily wide range of manifest-

ations, so wide in fact, that it must be considered in

- aem s

illnesses occurring during early 1nfancy" And as was

stressed. by Couvreur (1971), even if a new born appears

. the rlsk of actual, though Sub-clinical, toxoplasmosis
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MATERIALS AND METHODS

ﬁhen first seen, the patients were'inyarious stages of
oregnancy. 2 = 5 ml of blood was collected from pregnant
women most of them at their first visit to the antenatal
Cllnlc which falls mainly Wlthln the first 4 months of
pregnancy. The blood was collected from the ante-
cubltal vein w1th sterile needles and stored in sterile -
dlsposable bottles, which were brought into the laboratory
in'ice. Each patient from whom blood was collected was
}nterviéwed, and a questionnaire (see Appendli was
Complieted on her behalf with regards to age, state of
pregnancy, former mlscarrlage or abortion, presence or

contact with cats or dogs in their home environment, as

-well as prev1ous farmlno exnorisnze.  The expected date

of delivery was noted, and reports 0f backaches and
persistent headaches were also noted. The questionnaires
wete completed éné_EE; case notes of the patlents studied
to obtaln past information on their history of child
bearing, especially with Special regards to those

infections that correlate closely to toxoplasmosis.

The blood Samples were kept in the cold room at 4°c

‘overnlght and centrifuged the following day at a speed

of 6,000 r. p.m. The clear serum was removed with.a

sterile Pasteur pipette and 1nact1vated in-a water

bath for 30 minutes at 56%%. Inactivation was to
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destréy complement, where it was present. The inactivated

sera wee then used to run the haemagglutination test

usingéthe method of Jacobs and Lunde (19;7). The tests
were done in duplicates. The second blood sahple was
collected from each of the patients just before delivery.
Prodﬁcts of Conception (POC) were provided from only 34
women and these were used in attempts to isolate

T, goﬂaii. These POC included cord blood from patients

'during delivery as well as samples of placental tissues.

Cord Blood:

Cord blood specimen were collected from 34 patients
in the labour ward after delivery and put into sterile

bottles and kept in the fridge till they were brought

.into the .labcratory for separation of the gera The
sera were also inactivated beforé tﬁey were used to run
.the Indirect Haemagglutination Test as previéusly

mentioned. All the sera were stored at -21% till they

were used.

Placental Tissue Specimen:

This was also collected from the same 34 patients
ol ’
duringidelivery. These tissue specimenswere cut into two

half-square inch pieces, and each was put in a separate

bottle; One bottle contained a preservative and

fixative, i.e. 10% formol saline; whereas the other
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contained just antibiotic saline. The former was for

histological sectioning, while the latter was for
trituration and feeding to mice.

The placental tissue put in 10% formol saline was
fixed-aﬁd processea histologically and stained with

Haematoxylin and Eosin. They were then mounted

»bermaneptly on microscope élides with Canada Balsam.
The full procédure is included in the appendix.

The placental tissues stored in antibiotic saliné
were placed iﬁ a petri dish, and cut into small pieces.
Then it was teased out into very tiny bits using fine
forceps and mixed with ground laboratory chow and fed
to mice, without any other food. The mice were observed
for changes in their fur for up to 20 days. Positivity
was confirﬁed by death of the mouse;-and presence.of
viable éfophozoites in its peritoneum. |

The data from the questionnaire was compiled and
relatedgfb the results got from the haemagglutinatién
titratién. The percentage of the results were then:
calculated.

Titers are reported as reciprocals of the iast

dilution which was positive.
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RESULTS

;The haemagglutination titration performed on 452
venous blood samples gave 272 or 60.18% pésiti&e cases.
The results obtained are shown on Table IV.' 24 of the
cord‘blood spesimen collected were positive and gave
70.6%, while one of. the placental tissue collected,
proceﬁsed histologically and stained with Haematoxylin
and Eosin showed cysts or groups of parasites
(bradyzoites) when examined microscopically (Plate I).
The other half of the placental tissue which was
triturated and fed to mice did not contain any infective
stages of the parasite as the mice did not show ény‘sign

of positive Toxoplasma infection.

"Table V and-Figure IXIshow the reéults of the 2-
fold dilﬁtion titers which reveals'that.only one patiénc
had a 1:1024 titer, in the'26—301years age gfoup.-_This
27 years-old lady had a'spontaneoﬁs abortion at S:monéhs
pregnancy, and lost the foetus. It was not.poséible to
follow up on her case, as she failed to show up at the
health centre after she was discharged initially. From
the Table, it is. also pbssible to see thai, onlthe whole,
only 20 patients, that is 7.35% of all the positive cases,
and 4.4% of al)_examined cases had a titer of 1:256 and
above, thus, indicating active inféctionjk(where-there

is a rise in titer).
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TABLE IV: PREVALZNCE CF TOXOPLASMA ANTTBODIES AND

INFECTION RISK (K-Valucs-) IN ANTENATAL
PATIENTS
. fﬂ Number in Number Percentage |Percentageyj,,
"l}ge Group Group Positive (Positive Negative K-Values A
-— —— r— s o 1
16 - 20 140 78 55. 74, 44.29
S ) 1.4
21 - 25 164 96 58.53 41.47 |
- 1.2
26 - 30 08 60 61.22 38.78
' T - _ 9.2
31 - 35 24 18 75,48 24.52
- : ' ' 88.9
36 - 40 16 16 100 0
40 + € 0 - - -
rUnkriow‘h : a4 4 100 .0 ' )
Total 152 272 60.176 | 39.824777{3.570
app. | :
. 60.18% | 39.82 3.6
a
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Placantal Tissue showing Toxoplazoma prrasiiy

from a.pregnant_woman ./ith a 1:256 titre before

end at wirch x 400

v
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TARBLE V

SHOWING
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TITRE ATTAINED IN 2-FOLD DILUTION

ENDIRECT HALMACCLUTITNATION TES QN Skih O

SOME PRFEGNANT VIOMENW IN LAGOS METROPOLIS

§ge Group. Egggiive‘ Titre

1:16 |1:32 64 (428 256 [1:512 |).1024
16 ~120 78 36 | 10 -j12 | 16 | 1 1 -
21 - 25 © 96" 42 31 |18 2 2 1 -
26 - 30 60 19 17 9 3 11 - 1 -
31 ~ 35 18 o | 2.] 2 4 - 1 -
56 - 40' 16 6 4 4 - 1 1 -
40 + d - - - - - - -
Unkiown 4- 3 - - 1 - - -

i i | { | !

Tétai 272 117 | 64 |45 |36 15 4 | 15
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No. of seroposlitive persons in each age group.
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Analysis of the questionnaires that were completed
(Table VI) show that 64.71% of the positive haemaggluti-
nation cases have had frequent contact with cats.and dogs
in the recent past. Also, of the positive cases, 25% of
the patients have had previous (up to 3 years back)
farminé experience. 16.9% had lost one or more children,
whlle 11.03% have undergone spontaneous abortion before
the present pregnancy. None of the offsprings of the -
séropositive mothers was born with any observable
congenltal effect before they were discharged from the
hospital. ' .

on calculating the K-values or infection risk
amongst these women, it was found that the lowest of
1.2% was in the age group 21-25 to 26-30 years (Table IV)

whlle the h*ghest conver51on rate was in the 31-35 to.

36-40 years age group. Also, a SlgﬂlflCunt drop of

0.2% was noticed from the first to the second age groups.

——— -



FABLE_ yIz. SHOMING A SUMMAKY OF THE QUESTIONNAIRES

COMPLETED BY THE SUBJECTS . IN TIHE EXPERIMERT

‘ Total Percentace ’
Subject Matter Number Percentage; of the
Positive Positive Study
in Group ‘Population
Contact with cats/dogs 176 64.71 39
Previous/present
farming experience | 68 25 15
‘ . l .
Infant Mortality rate 46 I 16.9 16.1
Abortion (Spontancous) 15 11.03 3.3
Jaist or Back-ache 118 43.38 2¢
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DISCUSSION

Identifying those pregnant women who seroconvért

during pregnancy, and treating them before thelir expectant

date of delivery to prevent intrauterine infections is

~most apﬁropriate in this environment, since congenital

toxoplasmosis may 1eéd‘to malformations in the unborn
child, if the infection is not prevented.

_One method of preventing congenital transfer of
togoplaSszis (by tééting for infection in-utero) 1is
screening of all antenatal patients. This procedﬁre
is highly recommended in our énvironment; as the number
of malformed congenitally infected children that are
seen around in the country, may be reduced.

A possible hypothesis may be found in the work of
fFair (1958a) and Perkins (1961) who proposed that the

ma jority of cases of adult retinochorciditis due to

T. gondii are congenital in origin. If this hypothesis

is correct, T. gondii infection is transmitted to fetuses

that show iyo clinical symptoms during infancy. These

' infected infants form the pool of individuals who may

develop retinochoroditis with onset of reinfection in

later life.
‘This hypothesis agrees with the results in this
stﬁdyras, despite the seropositive mothers and sero-

positive cord blood samples; none of the neonates were

‘born with any observable congenltal malformation.
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This though, does rot exclude the fact that the infection
has béén congenitally transferred. ‘
Alford et al., (1969) found more asymptomatié than
symptomatic congenital toxoplasmosis, thus demonstrating
that ;such a relatively large pool of cdngenitally‘
infected patients do indeed exist. This can be related
to those examined texpectant‘ mothers who do
nbt show any symptoms of the infection, even after been
seroconverted during the period of their pregnancy and
attaining a 1:256 titre at the period of delivery. 1In
such cases, there is the likelihood thaf_the infection
woﬁld already have_been transferred to the offspring,
who is born without any clinical symptoms.

The incidence of Toxoplasma antibodies in antenatal

patients-in this study in T.Aaons 38 AN.ARYL AnAd ia hinher

than in London, wi..ere Broadbent, et al, (1981) recorded

23.3% positive cases.

£ al.,(1965) showed that

In paris, Desmonts,
0.8% of persons acquire toxoplasmosis during pregnancy
and that.40% of the patients transmit it to their
offspfing.

Table IV s%pws the age distribution and the
occurrence of antibody positive titres in prenatal

women studied in Lagos. The incidence of those with

antibody increased with age from 16 -~ 40 years of age.

—y

LI T



—-51=

This followed the same trend with an apparent reduction.
after 40 years of age as in the stuﬁy by Broadbent {1981).
An explanation for the reduction after 40 years may be
due to the fact that by that age, most womeﬁ have given
up child bearing, and Ehus, the numbér studied in the
over 40 years age dgroup is always small, when comparéd
£o the younger age groups; By this age, meropause begins
to set in for several women, and fewer females are
available for-gtudy.
Considering the annual conversion rate, there was
a drop in the 21 - 25 years age group, which later
increased at a very fast rate till it reached 88.9% in
the 36 - 40 ye;rs age group. This shows that the number
of seronEgatiﬁe peoble left in each age group are at the
‘highest risk of infection as we go up the aage ladder.
and therefore, the risk of infection is greatest in the
36 - 40 years age ‘group, as opposed to }.2% in the 21 -~
25 years age group. ‘ s
In the work by Kimball et al, (19?1), it was

confirmed that 65% of the patients lacking the protection

.of Toxoplasma antibodies were at risk. They also
suggested that habitual abortion due to chronic
toxoplasmosis is uncommon.

iﬁ this environment, the result bbtained_froﬁ the

test agrees with the work of Kimball et al., (1971) in

cora |

O

RN NP Gt gy Ly e

T % ATV

. nelw



o .o,

Europe as it is very obvious that most of the women with
_titres below 1°256, who neither seroconvert during the
period of their pregnancy (i.e. over the study periéd)
nor showed an increase in titre, havechronic To¥0p1asma
1hfection, and this, in real fact, did not lead to any
form of aborticn. They.had normal bables at b;rth, and
both mother and baby were discharged after a-short whilé.

In this study it is showﬁ that the presence of

Poxoplasma antibody has. no significant relationship

with farming of gardening in our gnvironment. as only
“about 25% of the seropositive women engage in these. ..
Here gseropositivity was associated only with presence of
antibody in the cord blcod at birth, and also ownership
or close contact with cats and.dogs. .

: fn spite of what appesred to be a rapid acquisition
of io#oplasmosis, during the opstetricé years, only 7
patients showed definlte serologic evidence of having
vaﬁiréd toxoplasmosis &@ring the study pefiod, with
a rise in titre from 1:16 to a maximum of 1: 256 in cne
65 the patients. -

The risk of toxoplasmosis in the child-beafing
population in Paris is high, being 0.35% per month
{Desmonts and Couvreﬁr, 11968). Thus the chances of
infection in this group are approximately 5% for a

pregnancy of 9 months.
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The average infection risk 1in women of child-
bearing age in our environment was calculated td be
1.325% per annum. Despite that, no significant
difference occurred either in frequency Qf total abnormal

outcomes or of abortions 1in rélation to antibody level.
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CHAPTER V

PREVAL.ENCE OF TOXOPLASMA ANTIBODIES AND OOCYSTS

IN STRAY CATS IN DIFFERENT AREAS OF LAGOS

Resarch on transmission of Toxoplasmosis employing
cats was initiated by Hutchinson et al (1971), and they
provided conclusive evidence that'g;_gondii is in fact
a coccidian undergolng schizoqonic cycles and gametogony
in the intestinal epithelial cells of the cat.

The trophozoite is a proliferative stage of Toxoplasma

which seems td‘be capable of infecting, and multiplying

~within nucleated cells. Cells parasitized subsequently

rupture and the trophozoltes escape to continue their

jntracellular multiplication elsewhere.

According to Hutchinson et al (1971), early workers

were forced to attempt to explain the transmission and the-

1ife cycle of Toxoplasma in terms of the two stages known

to exist, which were the pseudocysts and the tissue cysts.
However, for reasons reviewed by Hutchilnson et al. (19€9),

it became apparent that unknown stages of Toxoplasma

existed. These were the faecal cysts or oocysts found in
cats faeces as later confirmed by observations of Sheffleld

and Melton (1970), as well as a host of other researchers.
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Other - workers who have also implicated cats as
definitive hosts and transmitters of this diseaée
include HMutchinson et al, (1971), Frenkel, EE.Ei"(197O)
as well as Miller, et al.,(1972). i L

On the other hand, some workers who have tried to

associate Toxoplasma infection with exposure to house-

hold cats have been quite inconclusive. These workers

include HcCulloth,‘EE al., (1963), who not only found

| positive Toxoplasma tests in a statistical association
with ‘marked contact witﬁ cats, but also found same with
contact with sheep, swine, horses and éattle. Price
(1969) in a study with an urban community found no such‘
association with cats alone. Vaage and Midfuedt (1977)
in & skin test survey of Norwegian naval recruits found
ffcr:n::: in the frequerty of pusiiive iesis

between those who had cats in their‘homes and those

" who did not.

This conflicting epidemiological evidence 'suggests
that if cats are the definitive hosts, some factors must
stfongly influence the transmission of this disease to
humans. This conflicting evidence prompted Ehis.study
to see if transmission of T. gondii Lo man in our
environment is associéted with the presence of éats

in our homes or surroundings or otherwise.
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Matefials and Methods:- ‘ ) o

(a)

(b)

Collection of Cats:

Stray cats were randomly collected from the 4

"different study areas of Lagos metropolis and

these were brought into the Animal House and

caged individually. These areas are Surulere,

yaba, Ikeja and Lagos Island. The faeces of all

cats were examined prior to use in-‘any of the

experiments. The faecal samples were collected

‘and analysed using the Formol-Ether Concentraticn

. I
method after Ritchie (1948} to detect the presence

of any cocyst in the specimens.

t{solation and Separation of Qucysis:

Cat faeces was collected in stool cartons'and
brought into the laboratory. About 3 gms of the
faeces were mixed wikth 10cc of physioiogica; saline

(0.85% NaCi). The suspension was- then strained

through-2-layers of surgical gauze, and then

~ poured into a 10cc centrifuge tube. The

suspension was centrifuged at 1800 revolutions

-per minute—(rpm) for 3 minutes, and the super-—

" patant poured off. Physiological saline was

then added to the sediment at the bottom of the

— et e W
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centrifuge tube up to 10cc, and this was properly

stirred. The suspension was then centrifuged,

the supernate decanted, and the particulate matter

resuspended repeatedly until the supernate was clear.

After an additional decantatibn, the sediment was
mixed with 7cc of - _ 10% formalin. This was
to reduce the distortion of protozoan cyéts, and |
for fixation. The mixture was allowed to stand
for 5 minutes after which 3cc of ether was added
and the suspension was vigorously shaken for about
2 minutes. The mixture was centrifuged again at
1800.r.p.m. for 3 minutes, and the supernatant

was poured off. A thin film of thessediment was

then placed on a slide with a drop of iodine stain.

The preparation was mounted with a cover slip and

examined under the microscope. The suspected

cysts were measured for confirmation.

Bleeding of the Cats for Serology:

The cats were_weighed and their weights were

recorded. They were fed for 7 days before they

were bled and checked for Toxoplasma seropositivity.

: ‘ ’
Blood was collected from the thigh vein into sterile

bottles; after the cats were anaesthesized by
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intrape:itoneal injection of pentobarbitone sodium
(60mg per ml) using sterile needles. fhe amount
of anaesthesia used depended on Eﬂg—aéight_bf each
cat. About 0.5 ml was given per kilqgram body
weight. The cats were then left fér about 30
minutes for the énaesthesié to take effect,
before the bleeding was done. The hair covering
the inner region of the thigh was scrapped off,
and a tourniquet was tied around the upper regicn
of the knee. A sterile 21 needle aﬁd syringe
was used to draw blood from the ;emoral vein after
the area had been swabbed with methylated: splrlt
only 0.5 ml to 1 ml of b100d was removed from
eaéh cat.’ Tbe;cats were then returnad Fo thair
labelled cages. after they had regained
consciousness.-—-
- The blood was left to clot. and the serum .
was separated and inactivated. The serum was
then used to run the Indirect Haemagglutination
Fest, after Jacobs and Lunde (1957). Titres of

1:16 and above were considered as positive.

Infection of Cats:

The cats found to be seronegative to Toxoplasma

serology test were fed acutely-ill Toxoplasma-

infected mice, after being starved for a period of

e
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24 hours. (These are mice infected intraperitoneally
4-5 days previous with 0.2 ml of i:l9 dilution of
pure peritoneal fluid). | '

These cats were thien kept in their labelled
cages in the animal house, and they were checked
upon daily. They were fed adequate food and water;

and beginning from the 9th day, after infection;

“their faeces were collected and examined for the

presence of oocysts.

The Formalin-Ether Sedimentation techniquc

{previousliy mentioned) was used, and the deposit
‘was stored in sterile bijou bottles. Pasteur

pipettes were used to put a drop of the sediment

on slides for observation microscopically. All

3
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Photomicrographs were taken of the parasites. .

Where cysts suspected to be those of Toxoplasma

were observed, ldentification was done USing the
outline after Siim, (1968) and Levine (1973 ).

The cysts observed were measured, using

a calibrated ‘micrometer eye piece. -

Infection of Mice:

"After 14 days storage at room temperature,

aliquots from each of the separation were washed

‘several times and

b
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fed tg ;'aggup of 4 clean mice in each cage. -
4 mice were set aside =s controls.. This procedure
was followed for all faeces separated. In doing
this, aliquots from the remaining deposit were
washed several times with sterile physiological
saline, and ﬁéhtrifuged after each wash. The |
supernatant was then discarded,_while more saline
was added. After 3 thorough wasﬁings, the deposit

was mixed with ground laboratory chow in petri

dishes and was fed to young mice (4-6 weeks old),

whlcb had been starved overnight. 1It'was ensured
that every bit of the food was eaten. off the petri
dish before more food was given to the mice. The
control group were fed only normal l;boratory
chow mixed with sterile sallne. All the other
cages were uséd‘for'each of the cat féeces that
was_treated. o
Positivity of the infection was'deienmined by
death of the mice, and confirmation of infection
was by direct microscopic identification of

Toxoplasma trophozoites from the peritdneal fluid

of the mice. Positive or negative results were
then related to the presence or absence of oocysts

in the cat. The remaining deposit was mixed with

2cc formol-saline and stored in bijou bottles;
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(f) Killing of Cats:

After the 20th day on which the cats were
infected,}they were killed with chloroform, and
immediately their intestine, as well as their liver,
lungs, spleen, brain and heart were removed. They
were fixed in formol saline for histological

processing. Portions approximately 1 cm cube were’

.-

removed and fixed for a minimum of 24'hours, before
.the processing contipued. The sections were stained
with Haematoxylin and Eosin and mounted on slides
using Canada Balsam. These sections were_examined
microscopically, and the areas showing the parasites
in tissue were photographed,

The method of processiﬁg the tissue is fully:statgd o 5

in the appendix.

éESULTS:
| The Eats collected and used in this study were from
the same areas from which human blood samples were collected
.for the previous serological tests; ‘23 cats were studied on
the whole. This number excludes those cats that died
unexpectedly from one form of infection or the other,
befofe the end of the experimen?ationlperiod.:

On initial e#émination of their faeceé, using the

formol-ether sedimentation method; no ococysts were observed; .
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thus indicating the absence of active Toxoplasma
infectibn in the cats.

The average weight of the cats was 1.é4kg. The
smallest weighed 0.84 kg., while the largest weighed
2.01 kg. It was not possible to tell the ages of the
cats, as most of them were stray cats.

on bleeding andjperformiﬁg the Indirect Haemag-
glutination test, after Jacobs and Lunde (1957), 4 cats
(numbers 9, 15, 19 and 23) showed seropositivity.' Zec

Table VIU. Two of these 4 cats (Numbers 15 and 19)

" were from the Surulere area while one was from Yaba,

(Nol 9) and the fourth (No. 23) was from the Lagos
Island area. None of the 6 cats from Ikeja afea showed
any seropositivity. The.éxact_titres of the result of
these cats blood ranoed from 1:16 to_j:ﬂ28:

After infecﬁ;on, 9 of the 23 cats died before the
9th day, and faecal samples were collected from the

remaining 14 cats. Cat (number 4) and Cat (number’16)

showed cysts that were taken to be oocysts of Toxoplasma,

following the characterization after 5iim (1968)
and Levine (1973 ). . /
The cysts had the characteristic nature of

Toxoplasma oocyéts, each containing 2 sporocyst, and

each sporocyst, containing 4 sporozoites. These were

measured and were 12u by 10.6u in diameter.
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TABLE I I: SHOWING DATA ON CATS COLLECTED FROM THE

4 DIFFERENT STUDY AREAS

-73=

Cat - W?ight~-2§cégiggal Result of | Area of
(Number) “kg) |, ToXO- Collection
. OXOIHA sem; - : .

MO Infection
positivity
1. 0.84 |Negative ~ ‘Tkeja
2. 1.2 L Died
3. 1.93 " - (6)
4. 1.11 " Positive
5. 0.92 " -
6. 1.16 m Died
7. 1.7 Negative Yaba
8. 1.42 " Died
9. 0.88 Positive
’ 1:16 (5)
10. 0.91 Negative =
112. 1.22 " Died
12. 1.47 Negative Died Surulere
13. 0.99 4 T oo
14. 1.33 & Died
15. 0.91 Positive
1:128 - (8)
16. 0.84. Negative Positive
17. 1.27 " Died
18. 1.61 o Died
19. 2.01 | Positive ~
1:32
20. 1.7 Negaltive - Lagos-
' Island
21. 1.39 " Died (4)
22. 0.98 " -
23. 0.87 Positive B
1:32
Total jAverage :
1.246 4 2 2§”
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After the cats were killed, the histologically

processed tissue showed.cysts in the intestinal
!

" epithelial cell layers, as well as in the liver. These

are shown in pPlates II1 and ITI.
Mice infected with'washed cats faecal sediments .

showed signs of positivé Toxoplasma infection in 2

cages. These cages were those infected with sediments

from cats number 4 and number 16.
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PLATE IT11 Seactlon through Iinfected cat
intestinal tissue. showing

Toxoplasma parasites.
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 DISCUSSION

The association of cats and toxoplasmosis, with the
acquisition ¢f positive antibody 1litre, as empléyed by Hut-
chinson 2512l‘1971)is not directly related to.all cases

of Toxoplasma infection in the Lagos environment.

Of the 23 ‘cats studied from different areas of

Lagos, only 4 had seroconverted, when examined. This

gives a percentage of 17.391%(approximately.17.4%.) This
is relatively low, considering the_high_ percent of
persons (der'GO%) with seropésitive anﬁibody titre

in the Lagos métropolis, as previously discussed. Of
the 4 cats that were brought into the laboratory with

seropositive titre, one each was from Yaba and Lagos

_Island area, while 2 were from the Surulere area. Cat

number 1%, which gave the highest titre of_1:128 was ,

frqm'the'Surulere area,_while-thé cat, number 9 gave the

lowest - titre of 1:16. These cats are stray cats,

and are therefore expected to carry a very high

infection risk, but the result of tHis experiﬁent has

prdved this 9therwise, with ;egards to Toxoplasmosis.

The sexes of the cats were not_téken into consideration;

so, both male_aﬁd female cats were used in the experiment.
The iﬁfected tissues which were prepared histologi-

cally and examined microscopicaily showed some stages of

developmeﬁt of ﬁhe coccidian pérasite. 'These slides

were sections of the intestine of the c¢at as well as

4
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sections féom its liver. A photomicrOgréph of the latter
is included in the text as Plate I1II,From the secﬁion,
through fhe intestine, the infection appears to be con-
centrated in the cells of the tips of the villi.

~The epidemiological data obtained from this
experiment on cats, when comparéd to that obtained on
’

the study of the open population, does not show any

positive correlatign between cats and man. The correlation

.of these results are uncertain. In the light of fhis

) qonflicting data, several questiohs must be asked,'

¥

concerning the role of cats in this disease, or our’

present methods of looking at this association. The

-extreme possibilities may be that cats are not the

definitive host,.in this environment. Other animals

may harbour the oocyst. On the other hand, a much more

. intensive survey of house to house cats as well as

occupants may be necessary to give a definite
epidemiological pattern.

So far, it is concluded that the result in this érea

_of'étudy (Lagos), agrees with that of McCulloch et glf,

(1963). Also Price (1969) found no such direct
association with cats alone, as reported in literature.
This therefore opens a new area of study with

regards to the transmission of Toxoplasma amongst

humans in our environment.
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" Ancther point. to note lies in the fact that the
ages of the cats were not known. It might have been
possiblé to get a positive correlation using younger cats,

which are more likely to pass oocysts in their stool,

before the infectioﬁ_becomes latent.
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CHAPTER VI

EFFECT OF TOXOPLASMA INFECTION ON_ PREGNANCY, USING

MICE MODELS.

Introduction:

Since the original description of congenital

toxoplasmosis by Wolf et al., (1939), chorioretinitis,

hydrocephaly, and intracranial calcification have been

accepted among clinicians as the "classical triad" of
symptoms of iétrauterine toxoplasmosis K (Eichenwald,
1959). Unless these findings appear in neonates,
congenital toxoplasmosis is usually not considered as a
cause of disease in spite of the fact that variability
in clinicql manifestations have beeén demonstratea

repeatedly (Feldman 1953 ’ Hedenstrpm. 1957 , and

miller et al 1967).

' Toxoplasma infections in pregnant women haVe been

said to initiate premature labour, even though disease

" in the infected fetus is minimal.  Whether thls process

can occur earlier in pregnancy is an important

consideration,'regarding the ability of Toxoplasma to

produce abortion in women who appear to be normal

(Alford, et al., 1973).
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. Beverley (1969) reported that infections with

virulent strains, early in pregnanéy (but after 28 days)
. will cause fetal death and abortion or miscarriage.
.Maternal infections in the first month are unlikely to be

transmitted across the. zone of intense proteolytic
‘digestion, which 1is takiﬁg-place in the endumetbium;
If infection occurs later, the foetus cén be still-born, or
- born “sevcre}y deformed. l |

Toxoplasma gondil has been isolated from the products

of conception, and women have.aborted, following conversion
from seronegativity to seropositivity during pregnancy
(Beverley (1969). However, :‘ < the:controve;sy

that reinfection of the fetus results.in subsequent
pregnancies, and sﬁbsequent abortions, led to the

) ?erformancg. nf this aynerimeant +o verifyv if the situation
is as reported in man; uéing mice models.
Johes_gg_gl(1966)showed‘that acute infection during
pregnancy will frequently lead to spontaneous abortion,

whereas Kimball et al., (1971) and Southern (1972) did

not fihd any aetiological relationship. ;

In Nigeria, Megafu and Udbuegbulam {1981) | ) did-some
work in the East, and concluded that the causes bf |
habigual abortions are multifactorial, and incluée factors -

such as chromosome abnormalities, hormone (progesterone)

deficiency incompetent internal cervix os, etc. In-their

study, they found that patients with recurrent akbortions

have.a higher titer of Toxcplasma antibodies, than
.{ -

in the general population.
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Materialé and Methods:

The gestation-' periéd for the randomly bred Swiss
‘wﬁite mice (albino mice) available in ‘the animal'house,
and which was used for this experiment is 2i dayé. Cne
hundred 4 weeks old mice (50 male and 50 female) weighing
between 20 and 25 gms were allowed to mate overnight, and
preénancy was checked by khe.appearance of spermé on the
.vagina, using’% light microscope to examine a smear.
The female micé were then picked out, and grouped in tens.
The pregﬁant mice at different thirds of pregnancy
were infected under aseptic conditions with 0.1 ml

(diluted 1:1000) peritoneal exudéte, containing an

estimated amount of Toxoplasma trOphoioites, and these
. s !

were observed throughout the gestational period. The

mice were kept in separate cages, and a fourth cage of

uninfected pregnant mice, was kept as cocntrol. They were

~all given enough food and water all through the periodof study.

Each mouse was infected with 7-8 parasites .in 0.1mi of fluid.

Mice infected 3-5 days previous were sacrificed,
and the peritoneal fluid was collected and diluted with
sterile saline in a 4:100 ratio. This was adequate for |
the couﬁts, using a Neuber-Levy counting chamber.' The
counts were repeated 3 t;mes over, to avoid any mistakes,
and fhé average of the 3 readings waé taken as final.
This was fuftﬁer_diluted to give a 1:1000 dilution

value, s0 that each 0.1 ml contained approximately

4-6 parasites.
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Each group of 10 mice was divided into two?groups
of 5 each. For the first third period of pregnancy, 5
mice were infected intraperitoneally on day 1, a;d another
5 on day 4. For the second third period day 8 éﬁd day 11
weré chosen respectively; whereas, day 15 and day 18 were
chosen for the third period. Each mouse in each of the
5 groups was marked, and numbered 1 - 5, for identificafion
purposes. The mice were observed dailg, and the fetus
and/or suckling mice were collected—and checked-as socon-
as they were expelled dead or alive by the female mouse.
The period and date they were expelled were recorded, and
their‘ageﬁwerc determinéd. They were then opened up, and
their paritoneﬁm fiushed out onto a petri dish with a
few drops of sterile saline (depending on the size,about
0.5 mls to 1 ml of sterile séline was used). 1 to 2 drops

of the peritoneal washing was put onto a clean slide and

this was observed under the compound microscope, for the

presence of Toxoplasma trophozolites. The fluid in the
_.petri-dish was -also observed using a dissecting microscope.
Alsc, some of }he:female adult micé that remained alive were
monitored for a further 5 days before they were

sac;ificed aﬁd checked for infection. Apart from

their peritoneal washings; theirrspleen, ;iver, lungs,
intestine, as well as their brains were removed for

histological processing, and stained with Haematoxylin
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and Eosin. These organs were removed, and immediately

dropped into a sterile bottle containing 10% formol
/

saline, for preservation as well as fixation.

After the 27th day, the female mice left alive

. / N -

were put back into cages with male mice for mating,
and these were then observed further. All inocul-

ations with parasites were done intraperitoneally.

Results:

The day of confirmation of mating is hereby referred
to as Day 0, in this experiment. “Each mouse was
inoculated with 4-6 parasites only in 0.1 ml of saline.

Of the 50 female mice allowed to mate, only 11 did not

. show any evidence of mating, as the smear made from their
- vagina did not show presence of any sperms, and no enlarge-
- ment of the abdomen was observed later. Of the other 39

_ieft,.3 died immediately after inoculation, thus leaving

36 used in the experiment.
Of the 5 mice infected on day 1, Ohly‘the Ath did

not pick up the infection. 3 others expelled their

incompletely formed fetus between day_9_and day_17,

“and lived on, while mouse No. 2 died on the 10ih day,

after infection. Peritoneal washings of the expelled
fetus, as well as that of mouse 2 (removed after it was
opened up}, produced infection in clean mice into which

it was inoculated (see Table VIII). .

-




TABLE VIII:

THE EFFECT OF TOXOPLASMA INFECTION

ON PREGNANCY, USING MICE_MODELS.

-85

Cage Day of .
. Infection Mice Numbe; _
Number
: (after 1 5 3 4 5
mating) _

A 1 FE17| D 10| FE 9 | N I FE 12
B 4 FE14 | FE10| FED11} FED1S | N I
e o FE13{ FED | D 15 | D15 D15

: ' D 17 17 .
. : . FED | FED FED N T
D L NI 20 | 20
rE Frzd | FEST ] PN L EN L
E 1? P16 | FN I| D 27 | ND . ND
B ND ND’ ND ND WD
F 18 FN I |FN I| FN I | D29 D22

KEY TO TABLE:

ND
FNI
NI

FE

Fetus Expelled (aborted)

Died

Normal Delivery'

Fetus not infected

Adult not infected.
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Of those infected on the 4th day after.matipg, mouse
No. 5 did.not show any sign of the infecﬁion, ano had 4
suckllng mice at the end of the gestation period. When
2 of these were opened up, washings from thelr peritoneal
cavitios inoculated into clean mice did not cause any
infection in éhese mice, thereby proving the infection
as negative. On the other hand,.mice 1 and 2 expelled
incompletely formed fetus on days 14 and 10 oespectivoly,
whlle mice 3 and 4 aborted and died on day 11 and 15,
after expelling 4 and 2 fetuses respectively. Peritoneal
washings from these all caused infection in clean
mice when inoculated into them.

Of those infected on day 8, Mouse 1 expelled its

fetus on day 13 and died on day 17, whereas Mouse 2

Lt

abOLLed v day 17, and Jied on the same day. oW

-
LR )

2
-

{}

dled on day 1J, w;thout abortion ‘Mire 4 ano 5

"also died on day 15 without any abortion, i.e. 7 rdays

" after infection. Peritoneal washings. of parent'mlce 3,.

4 and 5 produced infection in clean mice, when inoculated.
on day 11, which is the last within the 2nd third

period Mice 1 and 5 did not pick up the infection,

whereas Mice.z; 3 and 4 expelled their fetus, and died

on doysi9 ano 20 respoctively. Their aborted fetuses

_howe?er, prddUCed:infection in clean mice; afte; .

peritoneal washings were inoculated into same.
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On the 15th day after pregnancy, i.e. in the

last third of the gestational period, orily mouse number

1 expelled its fetus and died the following day, after

infection. The fetus liQed for 6 hours before it died.

When examined, the fetus did .not show any sign of .
infection. All the others in the group had normal
delivery on days 20 to 21, with their fetus not
infected, and néf producing infection in other

clean mice. Mouse number 3 died later on day 27.

All the mice infected on Day 18 did not pick up the

infecﬁion. Mice 1, 2, and 3 had fétus that were not
infected, while Mice 4 and 5 diéd on days 29 and 22
respectively, after normal delivery.

All the mice infected in the 7th cage, i.e. the

" control group, had their ‘su¢kling mice at 20 and 21

.. days, and had between 4 and 6 suckling mice each.

None of these produced infection when their- peritoneal

L

washings were inoculated into clean mice.
: s
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Discussion:

Of the 50 female mice chosén foe—ugg»in the- experiment,

only 36 became pregnant. They were then divided into
their respective groups and the 7th group was the control
group of uninfected pregnant mice. All the 6 mice in the
control group gave pirth to normal suckling mice oh the
20th and 2ist days of gestatlon.uwMost of the mice that
died in the experimental group did not show prior signs
of infection chafacteristic of ?gkoplasma infection,

such as sluggishness and ruffled coats; No case of
convulsion was noticed either; not even in éaées, where
peritoneal washings gave ;1se to infection when inoculated

into. clean laboratory mice. Death occurred in adult mice

35 41 ko day 29, and not earliier. The

- L owmmmrn
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‘first mouse that died was Mouse Number 3 in cage B.

This d;ed 7 days after 1nfectlon, and peritoneal waghlngs'

were infective to ﬁlean mice. This shows that the

infection is very easily and quickly transferred from

mother to fetus 1if primary infection occurs within

the iaﬂar ﬁalf of the first third period of pregnancy.
'All the animals that died, even without exhibiting

sién$ of diseése, within the fifst and second third

periéd of pregnancy were found to be infected. This,

though, was not the case in cages E and F, which bontained

mice: infeckted within the last third period of pregnancye.
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None of these animals transferred the—infection'to-their
S

offspring, not even in caseswhere the adult mice died

of Toxoplasma infection.

~ The occurrence of external signs .did not in itself
afford a reliable indication of the true incidence of
infection in this éXperiment, in-as-much as post-mortem

examlnatlon of ten revealed the presence of Toxoplasma in

the peritoneal washings of apparently normal animals.

On taking a look at the table of results (TablevIII).
it is seen that of ﬁhe 30 experimental mice infected,
17 or 56. 67n expelled their fetus at one stage of their
development or another, whereas only 7(23.3%) of the lot
had normal delivery. . About 20% also reproduced fetuses
'that were not 1nfected, as their pcrltoneal washings
did not cause 1nfectlon 1n clean mice, into which they were
inoculated. All 6 mice used as control had 4-6 normal
suckling mice each. When they were allowed to mate a
second time, they had normal sucklings ;n the éist day:
as previously recorded. Further infection was not
shown to have taken p;éce.

Consideriﬁg the results in the different thirds
of pregnancy, it (s see that within the first third

period 70% of all the mice aborted between days 9 and

17 after infection; whereas within the second third

3
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4

only 50% of thé mice expelled their fetus, and 3 of
theczz were‘almost at term on days 19 and 20. The above
result contradicts the work of Desmonts and Couvreur
(1974) in France who found that 61% of babies born of

infected mothers escape infection and, about 26%,

although infected,remain healthy.
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CHAPTER VII

IN VITRO STUDIES OF TOXOPLASMA GONDII IN DIFFERENT
FLUID MEDIA.

Introduction:

: Toxoblasmosiﬁ, like malaria and syphilis, is an
infection in which an individual may harbour the
offending organism in his 5lood SEFEEE'auriﬁg”
asymptomatic périods_(Feldman and Miller (1956). 1In

addition, some patients are virtually asymptomatic,

even though isolation of Tox0plésma gondii from their

lymph nodes indicates recent acquisition and dis-

semination of the infection,(Jones et al}, 1966) .

In many hosts. it is well tnoun thot toncolosmosis

is_accompanied "y the development of both circulating

antibodies and delayed sensitivity.

Studies on the transmission of T. gdndii,have in general

been concerned withthe proliferative form of the

) parasife. Eichenwald (1959) succeeded in producing

infection in newborn mice through the milk of acutely
infected mothefs, the proliferative forms may have

survived in the stomach because of the low content

of digestive enzymes in the newborn. However, milk

of acutely infected mothers have not always produced -
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infection as Cowen and Wolf (1960) reported. 'Since a
number of authors, including Roth et al., (19?1) and

Raisanen (1978) have reported transmission of :Toxoplasma

and acquisition by humans, through blood tranéfusions,’
it is important to devote attention to the ability of

the Toxoplasma trophozoites to survive in various fluid

conditionsu“‘Thé'present report shows the results of
tests on the survival of trophozoites when stored and
subjected to different temperatures and different

ranges of pH in different fluid media.

It is hoped that a favourable result .in this
experiment will ease the 1aboufious main£¢ﬁanée of
T. gondii parasite in the laboratory. The result may
aiso help to eliminéte transfer of the infection
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storage can be changed. -
At present, the blood for transfusion is kept at
4OC for two. weeks, and if not used in 21 days), is

disqualified from use.

Materials and Methods:

/ ' .
The RH strain of Toxoplasma gondil was used 1in

" this experiment.

Toxoplasma gondii trophozoites were obtained from

the peritoneal exudate of mice previously infected 5-7

days. A drop of the fluid is observed wet under the
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‘microscope to ensure the viability of ,the parasites.

Counts were made of the parasites per unit volume,

'using the Neubaeur-Levy Counting technique.

Preparation of Fluid Media:
The different fluid media used were prepared and

their pH measured with a pH meter. These included

1. Whole Human Blood pH 7.4
2. Fetal Bovine Serum pH 7
3. Horse Serum : pH 7.6
4; Rinééf's Solution pH 6.3
5. Distilled Water pH 7
"6.  Normal Saline | pH 7

These different fluids were collected and prepared sterile,

T A
ey e

and 15 mls cf each was measured. and mik inta cterd
Uﬁiversal Bottles.

Approximétely 10,000 trophozoites from undiluted
_peritoneal fluid was put into each tube, and Ehé dates
were recorded and temperature taken. A set of tubes was
;kepé in the fridge at 4OC, another in the hot rQom at
369C, and the 3rd én the laboratory desk top até28?€.
Afger every 5 days interval, 0.2 ml was removed from
each tube and used to infect a clean mouse intraperi-

tonéally, under aseptic conditions.

-
-
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To prove that it was the Toxoplasma trophozoites in
the suspension that was killing the animals, control

experiment was set up, in which just the clean fluid

-—

medium was stored side by sidewith the Toxoplasma suspension,

and this was also injected into the peritoneum of other
clean_micevused as control_ahimals. |

Presence of the living organisms were indicated
by death of the mice inoculated with the suspension,
/

‘and by demonstration of T. gondii in the periteneal

fluid of the dead animals. ,

T— . "

Results:
Of the 3 different temperatures used, 4°c was found
~ to be most adequate, as the organisms survived longest

at this temperature.

=T BETRIERY - PR

Toxoplasmosis was transmitted by the blood of.

intraperitoneally infected mice throughout the 56 days

]

of the experiment. After intraperitoneal infection of

o I IR 1 e

mice with the suspensions stored for 1 day, the mice

K

"lived for 5-7 dayé (approximately 6 days). { Table IX.) . I

This is the approximate period for which mice infected

with fréshly harvested Toxoplasma from peritoneal

exudate survives, Wwhereas mice in the control group

- stayed alive for over 30 days.




TABLE IX:

- e =

———

SURVIVAL PERIQOD QF 'INFECTED MICE { DAYS)

Survival Time in Days of Mice Length of
Infected with T.. gondii Storage
' Trophozoites - . Period of
Distilled | Normal | Whole| Fetal Ringer's | Horse Sﬁ52825%92
. water Saline | Human} Bovine | Solution| Serum 2 ) *
Blood | Serum ays
6 6 6 5 6 5
6 6 5 5 5 10
. 8 5 6 5 5 15
- 5 7 . 6 7. 20
- 6 8 6 7 25
- 8 8 7 8 30
- 8 9 7 9 35
- 9 8 9 7 9 40
- S 8 10 - 5 45
- 11 11 10 - - 50
- 12 12 10 - - 55
- - - - - - 60
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SURVIVAL TIME OF MICE (DAYS)

=35b-

FIGURE 1IV:

‘ ' /
SURVIVAL PERIOD OF MICE INFECTED INTRAPERITO-
' NEALLY WITH T, GONDII STORED IN DIFFERENT
FLUID MEDIA FOR DIFFERENT TIME, INTERVALS.
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After storage for 30 days, the @1ce lived. for up to
7-9 days (average of 8 days}), and after 55 days, it
iived'for up to 12 days in whole human blood; and for
only 16 days in fetal bévine serum. (éee Figure 1V).
The survival time of the mice became gradually
longer with storage period: By the 56th day, the
survival period was 12-13 days. The control group
~remained for Qvef.BO days, showing no in{ection.
when the maximum length of survival period is
-_comparéa with-tagdgﬁ of the solutions used, it is
seen that (with the exception of Distilled Water)

maximum survival rate was obtained around pH 710.4,

which is about heutrél; whereas, about Lo.6 gave a

- much reduced survival period. {Table X.) The reason for

'Athfs is still to be.inbestigaﬁed biochemically. Normai
saline, which was used as a contrecl proéedure with pH 7
réave fesults very simi;ar to that of whole human blood;
whereds, distilled water gave a completely differént
set of-results. The biocchemical contents of the
‘different fluid media might show which contains the
more useful components, needed for survival and mos£

important viability.
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showing pH, and maximum length of

survival of the trephozeoites in the

different fluid media at 4°C (in days).

Maximum Length of

Fluid Medium pPH survival at 4°C (in
days)

whole Human Blood 7.4 56

Fetal Bovine Serum 7 56

Horse Serum 7.6 45
CRinges s Sululicn G.3 L ac

Normal Saline 7 57

pistilled H,0 7 15
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DISCUSSION: o

The gradual increase in length of survival of the
“infected mice, with increase in the preservation

period of Toxoplasma trophozoites-can be attributed to

two main reasons and these are, that the virulence of
the troph0301teu decrease in vitro with storage, as
opposed to in vivg, thereby allowing the mice to live

' longer than the average 6 days. On the other hand, the
- humber 6f  the pardsites in the suspensionwere decreasing
" gradually, as theywere dying off; thereby, allowing the
mice to live longer. The rate at which these 2 factors
are operating is left to be determined, as immunological
factors would be mediated in the infected mice, with
the lergtn Of the iﬁrectlon. Lt is also possible,

 that ib vitro storage in'fluid reduces the virulence

of the:parasite. fhiq lattér'pheﬁomenon is however,

not notlced in tlssue culture reports of studles on

Toxoplasma gOndll by authors including. Ogunba (1977)
"and Abbas (1967 ). -
'Miller‘gg‘gl[r“(1969}"showéd that in the early,

stages of Toxoplasma infection, parasitaemia is common,

even in people who are clinically asymptomatic, and
this can last for up to 14 menths, before immunity

sets in completely. The degree of parasitaemia which

[
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deveiops has been shown by Huldt (1963) to be similér
in both clinical and asymptomatic toxopléémosis.
Obviously, the number of circulating parasites is not
an aécurate indicator of the severity of this disease.

- "“Hgldt' (1963) d1¢o 'Eh‘o'wed' £hdt in the beginning
of the infection, pérasitaemia remains strongly evident,
only until the circulating antibodies start forming.
Thereafter,the infection is intracgllula/r. The degree

of intracellular parasitaemia decreases gradually after

the cell-associated immunity has developed.

| iy 87 arp
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CHAPTER VIIT

GEL FILTRATION PATTERN OF TOXOPLASMA GONDII _ _
LABORATORY PREPARED ANTIGEN

INTRODUCTION:

protozoa are made up of a Karyotic cell type

consisting of a cytoplasmicﬁmassj_a_1imiting plasma

membrane; one or more nuclel, and other organelles.

Toxoplasma gondii is an intracellular protozoan

papasite, and it is ‘the etiological-agent of the world
wide human and animal toxoplasmosis. This‘orgahism
evokes -both humoral and.cell—mediated'ihmuhological
responses in 1its hos£= The nature of ént;gén, towards .
which'éhese-f;sponSeé are directed remain elusive. |
Lunde and Jacobs_(1959)_did some work on
Toxoglaéma, and suggested thaﬁ the éntigen is a

protein with thermolabile properties. Although lots

of authors have written on the detection of antibodies

" by serologic means, in patients infected with T. gondii

yet little is known concerning the antidenic composition
of the parasite and the antigen employéd in the sero-
diagnostié tests. The origin of the antigen (parasite
or host) responsible for these bands have not been

ascertained neither have they been analysed.
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- Chordi et al. (1964})studied the antigenic
analysis of 4 antigen preparations of T. gondii as
determined by the agar—double—diffusioh method? in
tdbes by Ouchterlony agar plafe methods and by?immuno-

electrophoresis and found that the Toxoplasma

Complement Fixation antigen demonstrated-9 components
as.égainst 1 line of precipitation found by other

. workers . using the same antigeﬁ with immune
rabbit serum with a dye test titer of 1:50,000.
Chordi et al.,(1964l) in their work_also found that .

. human sera with T.gondii haemagglutination titers of
less than 1:800 did not produce parasitic banas‘in
the Ouchterlony reactions. "It is appérent that these
séra did not have sufficient antibody to develop
preci#itin lines, but -had sufficient amount to show
titers in a reaction as éehsi£ive as the haemaggluti-
nation‘test. The large discrepancy in their resulﬁ
iszbelieved to be due to different quality of» immune
sera tested and the differences in the technique of
immunoelectrophoresis which have not been completely
standardizeq: These variations are exéected to occur
 amongst individual animals or species used to produce
the antisera.

- pande et al.,(1961) did a comprehensive -

investigation on the immunochemistry of this protozoan
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species, and isolated and studied a polysaccharidei
fractivn, w1th special reference to its 1mmunoblolog1cal
properties. The RH strain of T. gondil was used and

the chemical analysis showed some unusual features,

"as the nitrogen content varled from 0.8% to 1 2%, and

phosphorus from 0.2 - 0.4%. Studies on its topographlc
diséribution on intact cells of T. gondii indicated
that it is at least a partial surface antigen.

Little is known about. the biochemical determinants

of virulence and antigenicity in protozoa. So far, just

" few reports of immunochemical studies on T. gondii

have beeh documented. Hook and Faber (1957) have
shown that cytoplasm-modifying and compléﬁent—fixing
antibodies were related to the protein,.but not carbo-
hydrate fractions, obtained from soﬁicalLy fragmented
cells. Lunde and Jacobs (1939) concluded that the

Toxoplasma haemagglutlnatlon test antlgen was a protein

contalned in the crude lysate of washed para51tes, but

no attempts were made to isolate and identify the

soluble antigens in’'a relatively pure state.

This study thus attempts to identify the soluble

proteins in the laboratory prepared Toxoplasma gondii

antigen, after the method by Voller.gg al., (1976); and

to identify them, using molecular standards to determine

their molecular weights, and also to find out if they oL

will function separately as whole antigen in the

haemagglutination test.

[T ST R,

R TR ¥ RIS AT R S T

e Y b

B o 253

T : TR, . G % theraad SJIRF )



~103~

MATERIALS AND METHQDS

(a) Preparation of Toxoplasma gondii Antigen:

The antigen used in this experiment was prepared

from the RH strain of Toxoplasma gondii, derived from

- the péritonealeiuid of previously infected mice, using

the method of Voller et al. (1976).

Toxoplasma gondii trophozoites obtained from the

peritoneal exudate of previously infected mice was

checked under a light microscope to be-suré there were

ne contaminations by either blood cells or other host cells.
It was also ensured that the parasites were no longer

within the host cells.. Positive samples from 20 mice

‘were pooled, frozen at -20°C and thawed,.alternativelyg

several times, till it was ready for use. The thawed

sample was sonicated (or disidtegrated) at 4°C for 2

i

minutes at 4 bursts of 5 seconds each, in the Labsonic
1510 ultrasonic Oscillator, with an intervening,ﬁesting

periéd of 30 seconds between each burst.

'Throughout the disintegration process, a constant

temperature of 4°c was maintained by keeping the
sonication tube embedded in ice chips; so that the

heat produceéd by the machine would not destroy the

‘protein nature of the sample. The cell debris was

later sedimented by centrifugation &t 10,000 f.p.m.

for 30 minutes in the cold room. The supernatant,
4
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which constitutes the 'antigen' was decanted and

stored at —20°C, until required.

(b) Protein assay:

.The protein content of the antigen was routfnely
'assayed by the Bluret met@od, using Bovine Serum albﬁmin
as standard, to cover the range in mg/ml. viith this, a
calibration curve of extinction at 540 nanometers |
against protein concentrétion is drawn, “and by extra-
polation, the‘sample proteinrcontent of the antigen was
determined (See pPage 105).

The basic or Biuret reagent-(commqnly:called Royal
Blue)} is prepared from Cu 504.5H20 ( Copper sulphate),

and sodium potassium tartrate (Nak C406.4H20) to which

5

I T T W /oot mbmmmteem Tadd da acmd T ae—
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diétilled Qater.

The Biuret assay involves mixing different
" concentrations of the. Royal Blue and glass distiiled
water, plus the basic protein, which is 5 ml of é 1mg/ml
: conéegtratioq_pj_@asic albumin. The mixture, coﬁtaining
‘different dilutions of the basic protein is mixed |
.thoroughly and incubated at 37°% for 20 minutes in a
water bath. The absorbance is then determined at
540nm Qsing the Unicam $SpP~1800 ultraviolet spectro-

photometer- (PYE UNICAM).
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FIGURE IVB:

STANDARD CURVE FOR PROTEINS, USING THE
BIURET ASSAY
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A graph of- extinction at 540nm agalnst ‘albumin
'concentratlon was prepared, and thls was the standzrd
curve- from- which the amount of protein in 1 ml of the

antigen was extrapolated (See Page 105, Figure Iv8).

(c¢) Packing of the Column, and its Equilibration:

Sephadex G.200 (Pharmacia, Fine Chewicals) was
tﬁe gellof choice, and this was selected due to the
Lact that conpounds with the widest range of molecular
wélghts can be fractionated on this gel. Sephadex
G:200 will cover a molecular weight range of 5,000~
600 000 daltons.

A column of 90cm Dby 1. 5¢m was packed with
séphadex G.200. The bed volume of the gel is 30-40 )

: mLfg. 'nat means tnat 1 gm of tie gel will sweli Lo
36—40 mls. Thué, 2 gms of the dry powdered gel.was
weighed and suépended in excess buffer (0.05m Tris -
HCl pH 7.5). A few drops of 0.01m sodium azide (NaNB)
an antimicfobial agent were added. -This was left over-=
hight, and allowed to swell. The resulting suspension

was deaerated in a water bath at 37°C for about 1 hour

to'get rid of any trapped air bubbles. The column was

then packed gradually, to avoid breaking of the delicate

beads of the gel. The overhead pressure was measured,

‘and kept at a maximum of 15 cm. A peristaltic pump
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(Model Desaga STA Multipurpose pefistaltic pump 131900}

- was attached to the buffer supply end, and this was to

produce a constant overhead pressure on to the column.
The NaN3 added to the buffer and gel was to prevent the

growth of micro-organisms that could Aamper with the

flow rate of the column ksee Piéture I. on Page 108).

(d) Determination of the void Volume (Vo):

- After equilibration of the column by passing a

e e T

large volume of the buffer (0.0f M Tris-HCl pH 7.5)

. through the column, the flow-rate of the column was

determined, till it became constant at i6 mls per hour.

~ To determine the Void Volume, blue dextran a high

molecular weight protein (M.wt. = 1,000,000) was

r

oA Ahearhad 4 eatbs
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the gel; This dye was then eluted with the buffer

(0.05 M Tris HCl; pH 7.5), until the final traces of

the dye were collected, and the total volume which

had eluted3the dye from the column was recorded. This

was the Void volume or Vo for the column. The Vo is
the elution volume of molecules which are only
distributed in the mobile phase, because they are

larger than the largest pores in the gel.
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PICTURE I: '

The Gel Filtration set up used to separate
T. gondll antlgen using Sephadex G200. Notice
the peustaltlc punp as well as the automatlc

Fraction Collector, incorporated in the system.
. / o
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(e) Fractionation of the Sample:

S ml of the sample (the antigén) was appliéd onto
the column, allowed to be absofbed, gnd eluted @ith
the buffer. 4 ml fra;tions were coilected into?test
tubes, using the LKB automatic fraction collectdr,
model Number 7600. |

The fractions were then analysed for protein at

. an Optical Density of 280nm, using the Unicam SP-1800-

Ulgraviolet Spectrophotbmeter. The readings. are shown
in Table XI. The elution profile, -zt ~the—graph of

'OD at 280 nm against Fraction Number was drawn(Figure Vi
The 3 major peaks observed were .marked ou£ and designated
FI, FII and FIII. Tubes under these major peaks were

pooled together and freeze-dried using the Edwards,

154 mbn 17 mcie v P A s
R - L] M one b bl S g &

fecie-diici. FMudel Wo EFU3 at

a vbltage of 220-240V.

(f) Determination of the Elution Volumes (Va) of

]

Standard Proteins:

The standards used were proteins.with known

molecular weights, and:those'qhosen included.

1. catalase M.wt. 60,000
2. Pepsin M.wt. 35,000
"3. Myoglobin M.wt. 17,000

4, Cytochrome C m.wt. 13,000

\
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" PRACTIONATION OF THE SAMPLE ON .SEPHADIEX G-2__O_g
Tube Cptical [ Tube | “Opfical] Tube optical | |
Number Density [Number Den<ity | Number| Density
— __} Readings Readings -1 Readings -
1. 0.1 26. 2175 | 51. | .o088
2. .08 |27 .18 52. .068
3. .06 28. 184 - | s3. .058
4. N 29. .225 54, .06
5. .092 30. .285 | 55, - .048
6. .08 31. .295 56. .066
7.: .022 32. .21 57. .082
8.. .06 33. ;14 58. .082
9. ! .qi 34. .115 59. - .06
10. .02 35. 0.1 60. .078
11, .03 36. . 064 61. .07
12, .66 | 37. .064 .| 62. .06
| 13, 086 U P N L ON L VR BV I
14. ~0.41 | 39. .07 6a;. | .oa2__ .
s, .13 40, .058 65. _'.04
16. .16 ai. i | .05 66. b  .046
17. .29 42, .044 67. .056
18. .352 | 43, .05 68. . f_.gse |
19,0 .205 | 44. 048 | ‘e9. | i.042 |
120, .152 | 45. . 056 70. | ¢ .036
21. .14 46 . 054 7. :.634
22. 145 | 47. .052 72. | -.038
23. .118 | as. .05 73. | : .042 -
Y 19. | .oe2 74. .032
525; .225 50. .082 75. : .03
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FIGURE V:
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i
ELUTION PROFILE OF THE ANTIGENIC SAMPLE OF T. GONOI AT 3 200NM,
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Preparation of the standards included measurihg.
1 mg/ml. of each of these proteins in an e@uivalent S:
ml of buffer (Tris-HCl. buffer pH 7.5). After the
standafds wvere prepared,.S ml féémueaEh_was;épplied—
onto the column, left to be absorbed, and ea;h was
eluted with the buffer. 4 ml fractions were collected.
The fraction collection of any particular sténdard was
stopped when the absorbance or optical density readings
remained almost constant- in-the ensuringTS—io tubes.
The optical density readings for the standards are shéwn
in Tables XII to XV. Buffer was used to wa%h the
column, before another standard was applied. From

the Optical Density (0OD) readings the elution volume

(Ve) was determined. The Ve is the total volume of

eluent collected till the highest point of the peak
. Y - .

is attained. The graph of Ve for all the standards

is shown on Figure VI.

]

{(g) Determination of the Elution Volumes (ve) for
 FI, FII, and FIIL:

| The freeze-dried sample was dissolved in buffer
60.05 M Trié—HCl pH 7.5) and 5 ml portion was épplied
dnto the column, and elution was carried out under the
séme conditions as for the standard protein. : The
Eiution profile‘for each fracfion was then cdmputed

" on the same graph, and the elution volume (Vé) deter—

B e raianshad



“PABLE XIT3 Optical Density Readings for Fractilons
' Catalase eluted from the Column.

of

1 . Optical Optical
' Tube Density Tube Density
‘Number Readings | Nuwber | Readings
1. .036 - 26. .385
2. .05 27.. .3
3, .D34 28. .21
vy .028 29. .15
5., .038 30. .155
6. , +C38 31. .185
7. .06 32. .235
8. 142 33, | -.285
9. .26 34, ©,295
10. .225 35, .395
11. .132 36. .39
| 12. 142 37. .35
13, A2 3g. .31
14. ma 29 26
15. .126 40. .24
. 16. .154 41, 2
17. .18 42. .21
18. .22 43. .22
!
19. 275 a4. . 146
20. 7 .32 45, .134
21. .385 46. .13
” 22, .445 47. .08
23, .51 48. .046
24. 52 49, .034
25. .49 50. .032

Ve = 96 cﬁ
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TABLE XII.: Optical Density Readingsfor Tractions of

Pepsin eluted from the Column.

Optical OpEical
Tube Density Tube Density
Number Readings| Number Readings
1. .066 26. .26
2. .06 27, .4
3, . 068 “28. | .165 §
4, . 068 29. .15 f
© - 5.7 .o82 30. -1 ;
6. .01 31. 12 .
. | !
7. .09 32, 0.1 - i
. t
8. .09 33, .102
. 9. .08 | 34. - 126
107 .098 35. .104
11. .09 36. . 118
12. .016 37, .09
13. .09 Y- .092
A"
14k o -C’BE 39. n.LB
15. .074 40. .16
16. .09 41. .12
17. .088 | 42. | -.154 -
18, .086 43. .225
!
19, - .108 44, -1 .152
20. .08 45 .11 » .
21. .082 46. .116 |
22. 0076 ' 47- .1
23, - .072 48. .11
\ ' 24. .154 49. | .009
25. .27 50. .092
3

Ve = 108cm
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TABLE XIV:

bptical PDensity Readings for Fractions

of Myoglobin eluted from the Column.

Optical

‘ Optlcal

Tube pensity Tube Density

Number Readings| Number| Readings
1. .02 26. .086
2. 028 27. .11
3. ..002 28. .12
4. .002 29. 124
5. .02 30. . 146
6. 024 34, .18

) ¢
7. .026 32. .175
8. .026 33. . 145
g, .012 34, .124
10. .008 35. . 108
11. .008 36. 074
12. .008 37 .076 -
13. .008 38. L0074
14. .016 39, .071
10 .01 AC. .DE%
160 - .016' “‘410 .034
17. .020 42, .052
18+ ——|- 026 43, .04
19.° .022 a4. . 044
20. 032 45, . 041
21. .022 46. .038
22. 041 47. .038
Y
23. 043 48. .037
24, .056 49. - ,034
25. 074 .50. .024.
ve = 12Scm3

=145-
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TABLE XV: Optiéal Density Readings for Fractions of '

Cytochrome C eluted from the Column.

Optical Optical
- Tube Density Tube .Density
- Numbex | Readings Number | Readings
(Nanometes) : -| (Nanometers)
1. | .04 26. .054
2. .034 27. .056
3. T Lo026 28. | .08
4. .038 . 29. .061
5. .04 © _ 't 30. - .063
6. .032 31. .055
7. .03 32. .068
8. .028 - 33, .072
9. .028 34, .06
10. .028 35. .05
11. .026 36. 055
12. .032 37. 051
13. .03 38. .04
14. .28 20, naz
15. .03 | ao0. .04
16. - .032 41. .048
17, .02 42. 042
18. .014 43, ..041
. : - 19. .014 a4, .03
20. . .018 45. .032
21. .02 46. .028
22. .03 a17. .026
. ’ 4
23. .04 48. .026 .
24. . .042 a9, .03
25. 052 50. .024

o -y g, .

D

.

Ve = 132 cm3



FIGURE VI:

ABSORBANCE AT 280nm

/

ELUTION PAOFILE OF THE PROTEIN STANDANDS: PEPSIN, CYTCCHMROME €, MYDGLOBIN, -

AND CATALASE,

—~\leB~

T FRACTION NUIABLR

L S e ERTATRINY T Ay ey




~117-

mined for each fraction. The readings are shown in

Tables XVI to XIX. The spectrophotometer used was

initially standardized and zerced with the respective

buffer {See Picture II on Page 122).
g .

(h) Determination of the Molecular Weights of

FI, FII, and FIII:

After all Ve had been determined, a calibration
curve was computed plotting a graph of %% against the
log of the molecular weights of the standard proteins,

and by extrapolation, the molecular weights of FI, FII

.and FIII, were determined (Figure VII).

" These different fractions‘were‘used.ﬁo run the
Indirect Haemagglutination Test (IHA), using titers
of 1:128, 1:256 and 1: 512 sefopcsitive-human sera
and the fesults observed are discussed. -

Also, agar—gei diffﬁsioh technique, in which
agarose was poured on a glass slide and holes Bored
to hold the antigen, surroﬁnded by the positfve sera

was carried out, and the observations are recorded.
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1 Optical

Optical

Nunber || DETSLVY | Winber | DEDSYEY
T4, | .026 2. .058
2. .022 27. .062
3. 0.0 28. . .056
4. .01 29. .042
5. 0 30. .04
J - .044 31. .042
7. 0 32. .042
8. 0 33. .034
9, .014 34. .032
) 10. | .004 35. .036
11. .04 36. .036
. 12. .036 7. .032
13. 034 38. .03
1. S JDaa 20 022
15. 046 40. .036
16. .049 a1. .032
17, .05 42. .022
_ 18. .072 43. .026
% 19. .096+ a4, .024
: 20. .083 45. .022
21. .072 46. .014 .
22, .066 a7. .04
23. .054 '48. .004
24, .05 49. .002
25. .05 50. .002

Ve = '75cm3
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TABLE XVI: Optical Density Readings for FI (FRACTION I)

*
F
4
i



TABLE XVII: Optical Density Readings for F2 (FRACTION II)

oplkical

Tube Optigal Tube Density
Number Dens%ty Number .
Readings Readings
1. .078 26. .126*
2.7 .114 27.. .106
3. .066 | 28. .09
4. .062 29. .08
5. .04 30. .74
6. © .04 31, .054
7. .056 32. .036
] 8. 064 | 33. .03
9. .094 34. .026
10. .09 35. .054
11. .088 36. .068
12. .066 37. .05
13. .066 38. ..03
14 066 39. .014
15. .054 40. .032
16. .058 41. .046
17. . 064 L 42. .042
18. .026 a3, .03
19. .052 44. .03
20. .052 45, . 046
21. .05 46. .02
22. .06 a7, | .052
23. .096 48. 014
24. .119 49. ' .036
25. .124 50. .034
‘lOAfcm3

Ve

N
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TABLE XVIIi: Optical Density Readings for F3 (FRACTION III)
wbe | OPEICRY [nupe | PREICRD |
i _ |-Numbex _| Readings | Number | Readings
1. .012 26. .14
2. .035 27. .114.
3. .018 28. .16
4. .018 29. .18
5. .011 30. .18
6. .026 31. .25
7. . 039 32, .31
8. .032 33. .33*
9. 012 7 34. .25
10. .014 35. .128
11. .015 36. .106.
} 12, - - - 012 37. .14
13, ,012 38. . 185
'} 14. .014 39, .151 -
- 15, .088 40.° .19
16. .078 a1. .19
17, .12 42. . 175
18. .1 43. .172
19. .12 44. .2
20. .13 45, .16
21. .132 46. .14
22. .125 a7. <114
23. .124 48. .12
24, .12 49. 12
] 2s. .12 50. .104 -
- 3

ve = 133.12cm
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TABLE XIX: Showing the Elution Volume (Ve),

Ve/vo and Log of the Molecular
weights of all the Fractions as

well as the Standards, Fractionated

on Sephadex G200 Column.

, Vo, = 70cm> Szigiziar Egggai Mol. Ve/%o

Ve Cyte = 132;m3 13,000 4.11 1.89

Ve Myo = 125en> | 17,000 4.23 $1.785

| ] Ve Pep = 108cm> | 35,000 | 4.54 1.54
_.Ve cat = 96 cn3 | 60,000 48| 137

Ve F, = 75 cn® |186,209 5.27 1.07

) Ve F, = 104 cm® | 41,687 4.62 1.49
Ve Fy = .133.12 12,445 4.095 1.90

campan
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PICTURE II:

-2 =

The Unicam SP 1800 Ultraviolet Spectro-
photometer (PYE UNICAM) used for
measuring the amount of Protein

(absorbance) in the fractions.
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RBSQLTS:

The antigen prepared after the ﬁethod-of Voller
et al., (19706) was a colourless fluia, ﬁhat was stored
at —ZOOC, till it was fractionated.

" The protein content of the antigen, assayed by the
Biuret method and read at an 0D of 540nm was 3.6 mg/ml.,
and:this was diluted 4 times'with distilled water before
it Qas fractionated. The standard curve is shownon
éégé 105. The other_protein contents were determined,

‘using'the Deuterium lamp,-of the spectrophotometer at
230nm. |

- ' ;The flow-rate of the column was determined to be
16ml per hour, and 4 ml fractions were collécted. The

Void Volume.(Vol,—using Blue Dextran 2000 - (Molecular

- welight 1,000,000) was determined as 7Ocm3.

. Fractionation of the sample resulted in 3 definité
lpeaké, and thesefWgre designated FI, FII and FIII, for
iﬁhe 1st, the 2nd and the 3rd peaks respectively}(Fig. V).
The Optical Density Reédin@s for these 3 peaks are shown on
TableQXVI-XVDIFhE tubes around the different peaks were
pooledgand concentrated by freeze-drying. 'They were then

applied onto the column again, one at a time, to

-determine their elution volume (Ve). The Ve for the

différént fractions as well as the standards are shown

on Table XIX. .
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_:The Calibration curve (Figure VII) was drawn with
Ve

the Vo of the standard proteins, agéinst the log of their

_moiecblar weights, and by extrapolatior the log of the
molecﬁlar weigﬁts of the 3 fracticns from the antigen
were read off. The molécular weight éf FI. was found to
be about 186, 209 daltons. FII was 41, 687 daltons,.
while FIII was 12,445 daléons (Table XIX);

These fractions were used to run the Indirect
_ Haemagglutinatién test séparately, using human positive
sera of titre-1: 128, 1:256, and 1:512 obtained from’
the hospital laboratory, but none of these functioned
separately as a complete antigen, against . human
positive sera. | .

| Other tesﬁs carried out, using the agar-gel

. diffﬁéion.technique did not produce any Doéitive results,

' as 'no precipitation lines were observed.

—————— . e m——
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DISCUSSION:

The protein content of the antigen which was derived
was 3.6 mg/ml, and since this was further diluted, before

it was fractionated on the chromatography column, it

becémgs appafégguthag—tﬁe p;étein ébncentration in the
fractions is relatively low, to exhibit any positive
réaétioh in the Haemaggiutinatian test (HAT), in which
whole organi;mseare used when the standard kits are

‘commercially prepared, to sensitize the red blood cells

used; after the method of Jacobs and Lunde (1957). Thus,
none of the 3 fractions, FI, FII ar FIII could detect

haemagglutination antibodies either agains: their homologous

or heterologous antisera.

éractically, it has been reported by Alikhan and
_Mnnfﬁéitch (1070) and Lunda and Diamand (1969), that in
the ﬁaSe of mono xenic and axeﬁic amoebic antigens,_the
- optimal proﬁeiﬁ”éoncentrations'of about 40.0 and 77.0ug/ml
areffequired for the sensitization of erythrocytes to be
empl@yed for IHA test. ’
o iThis variability in antibody responses may be due
to the fact that these serological tests detect different
typeé of antibodies (Maddison et al., (1965). Therefore,
the.failure 6f the fréctions FI, FII, and FIII to
demonstrate any antibodies may be due to-its low molecular

weight or the protein concentration  employed in these

tests.

. i -
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The main observation made in the present study
indicates that none of the 3 fractions is a major
component of the Toxoplasmic antigen, which is immuno-
logically active, and exerts a response similar to that
elicited by the whole antigen. It is/;irtually 100
pe%cent.of the Toxoplasmic antigen protein that is
fuéctionally active.

This result agrees with that obtained by Fujita

nggl;(1970), in their study on Toxoplasma sero-
?eaCtions.with.antibody fragments. They found that the
affinity of monovalent antibody.is lower than that of
the original bivalent ohe. This comparison they showed
by reacting their whole antigen with the dye test (DT),
the Complement Fixation test (CFT), and the Haemaggluti-
natipn‘test (HAT), and it elicited positive reactioﬁs in
every- one-of these testé; whereas, their 5s fragment or
| bivé;ent antibody fragment elicited pa;itive reactions
in HAT,.and negative reactions in CFT and DT. , The 3.5s
fragment or monovaleht antibody fragment failed to
elicit positive reactions in any of these tests. Thelr

inference, as weil as that reported in this paper is

compatible with the observation of Greenbury et al.

(1965); that antibody bound bivalently to an erythrocyte

exhibité considerably higher affinity than monc

valehtly bound antibody.

PE—
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CHAPTER IX

GENERAL DISCUSSION:

'fhe aims of the series of'ihvestigations reported

in this thesis are:

(i) - to determine the age prevalence levels of
Toxoglasmé éntibodies in the general population,
as well as in pregnant women, ié Lagos Metropolis,

“and to correlate Toxoglasma-SQropositivity witﬁ

susceptibility to the infection.

(ii) to investigate the prevalence of Toxdplasmosis

in ca%g_iH-Lagos, and thereby determine the

_ .. . as well as transmission mechanisms.

7+ (1ii)  to study the effect of experimental Toxoplasma

infection in pregnancy, with reference to

recurrent: abortions, using mice models.

3}

(iv) : to develop a less tedious and less expensive

r e i—rﬁgthaﬁ foﬁéintenance.of T. gondii (RH strain)
in tﬁe laboratory, by investigatiﬁg in vitro
susceptibility of the trqpﬁozoites in different

fluid media and,

(v) . to separate by gel filtration technique, the

different components resulting from laboratory

' sources and modes of infection in the environment,

1 ey p————
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preparéd Toxoplasma gondii—antigen' after the

method of Voller et al., (1976) and to test

the antigenicity of each fraction separately.

The experiments reported in Chapter III show the
ovérall seropositivity which is 63.2% in Lagos metropolis
to Ee much higher than previous reports from other parts
of Nigeria, with the exception of 95.%% prevalence

t al. (1971). The results obtained

rfecorded by Olurin
in these studies in Nigeria is 'véry similar to those
reported by Walton et al. (1966) in théir study in
Central America and Guatemala. From the data collected

on the prevalence of Toxoplasma antibodies in Nigeria

so far, we find that theresults agree with the fact

that ‘this infection varies with a variation in climate.

_The ‘age prevalence levels-of Toxoplasma antibodies

in Lagos show the highest percentage positive in the
36-~40 Years ageigroup, in the general survey; whilst

the lowest was in the 11-15 years age group. This

"OVeg;il rate-;f'63,2%obta1ned using the Indirect
Haema@glhtinatibh test shows tha£ there is a definite
sou;cemof r?égigftion in the environment; thus
sugéesting a constant transmission cycle, through
whigh the populace gets infectea, by conﬁamination

of food or drink. This acquired infection develops

witﬁ age, from about 8 years, on the average, to about
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38 years, the median age in the group with the highest-
seropositive percentage in the tests. The K—values or
infection risk (i.e. the risk of.sero-eegative people
acquiring the infection) show that from childhood, up
to the age of 30 years, there is a very high lnfectlon
risk, which means that there is a very hlgh chance of
sero-conversion within each of these age groups.

' The prevalence of the infection in pregnant

- women follows virtually the same trend of sero-

p051t1v1ty und sero-conversion as portrayed in the

general population. Here, seropositivity rate was

60.18% in 452 pregnant women observed. The few cord
blood specimen analysed by the Indirect Haemagglutinaﬁion

test gave over 70% positive cases, and placental tissue

Lt e D mrm i e =V mm e b oA 1Imv Ll et
DHUW.LI“._:‘ A W Qb Al [Py w) P A P | o

highest percentage positive was seen in the 31-35 years

_-age grouphw hereas_ the greatest number studied was in

the [21-25 years age group. This particular age group

consisted of ﬁost of the women in their child-bearing

"age, and this group of women fall into a younger age
‘group here in Nigeria, as opposed to other countries

.where it falls within the 26-30 years age group. The

K-values or infection risk, in this case is low in this
age group, as the number of non- pregnant women are very
few, when compared with those pregnant. _Questionnaires

t

completed by these wemen, with relevance to their
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activities and background behaviour showed that most
have had freqﬁent contact with cats and dogs. Only 11.03%
have undergone any form of spontaneous abortion, while
the infant mortality rate was determined to be 16.9%
amongst the positive cases. From ali indications, and
w1th particular reference to the result of this servey
here in Lagos, 1t is important to 1dent1fy and treat
pregnant women who sero—convert durlng pregnancy, or
wholhave a very high titre at the period of early
gestatlan, to avoid abortion. Thls agrees with the
.results of Kimball et al. (1971) and Southern (1972),

as no direct relationship was seen bctween presence and

acquisition of Toxoplasma antibodies, and recurrent

abortion. Most of the women in this study (up to 60%)

[ S B U L2 1
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hadia miscarriage. - ‘
Alford et al. (i969),found more asymptomatie than

symetomatic congenital toxoplasmosis, tﬁds deTonstrating

tha; such relatively large pool of congenitally infected

- . persons do exist. This can.directly be related to the

situationlin our environment, as most of the people who

showed serop051t1v1uy to toxop1d5m051s were asymptomatic

to thls or any other infection. The incidence of women

with antibodies to Toxoplasma increases with age from

16 years to 40 years of age. This follows the same

—t
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tfeéd, with an apparent reduction after 40 years as
reported by Brbadben£ et al (1981).

. Thus, routine antenatal ﬁare is highly recommended
1n our environment, with relevance to testing for
1nfectlon in-utero, by performing serologlcal tests for
A the detectlon of touxoplasmosis on all pregnant women
whotreport for antcnatal care in the clinics. This will
help reduce the amount of 1n51gn1f1cant infections such

as FetanCh0r01dltls which may not .be manifested in the
newly born child, but become eﬁﬁablisbed in later life.
i The prevalence .of toxoplasmosis in cats in Lagos
involved collecting stray cats from the QlEthy'areas,
where humans were tested for;seropositivity. on
initiai examinatioﬁ of the cats' faeces, no oocysts
WELE vbaslvEa Lioim Gny oL Wiael, walIil ; ot

tests on these cats‘showed that 4 were seropositive

to the Indirect Haemagglutlnatlon test. Since these

cats were not producing cocysts, at the beriog of
collection, it showed that Ehey did not have active
1nfectlon despite the serobositivity. Thus, it is
concluded that the association of cats and toxoplasmosis,
with the acquisition of positive antibody titer, as
employed by Hutchinson et al (1971) is not directly related
tq all cases of Toxoplasma infection in the Lagos

—

environment. Only 17% of the cats examlned were

se:dpositive. This is relatively low, con51der1ng the

T
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gbo?e 60% obtained in humans in the samf enviponment.
The relationship here shows that though some cafs
produce oocysts, after infection, there are other

ma jor sourceé of transmitting and trangferring.these
!oocysts to man in Lagos,since this survey has shown
thaé about 83% of stray cats are not producing oocysts.
The resuits of the tranémission.pattern here in Lagos
does not agree with studies “reported by McCulloch 2£ _£.
(1953), who found positive association with cats and

Toxoplasma tests, but agrees with reports by Price (1969),

who found no such association with cats alone. The survey
on pregnant women, where a high percentage of the sero-

p051t1ve mothers showed recent association with cats and

dogs, in their environment, does not correlate with

thie reenlt on transmiceion and anly chows that thare

are 6ther.ihférmédiate sources of infection to man in
this environment, as opposed tb the cats. .HoweVer,
experience wiﬁh the cat ﬁopulation is not enough, and

a wider variety of domesticated animals as well as house
pests such as cockroaches and rats (which abound here

in the troplcs) must be taken into consideration, for
preéise identiflcation of the means of transmission of
thig infectibﬁ directiy to man.

i

i In the study to show the effect of Toxoplasma

infection on pregnancy, using mice models, the results

—— e
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-154-

obtained were similar to those reported by Beverley

(1969), that infection, early-in pregﬁancy, (but after

28 days) in humans, will cause fetal death and abortion.

Here, the flrst 28 days is within the first half of the
firgt trimester of pregnancy, whereas, the first 4 days
on?nfection with regards to the mouse also covers.

the first half of the first third of the gestational
per#od. This.study shows that the infection is trans-
fefréd fastgst to the fetus, if it takes place in the

latter half of the first trimester of pregnancy, as

‘this effect is seen in the results recorded. Also,
“infection was transferred within the 2nd trimester of

the _gestational_period. 'Of the mice infected experi-

mentally, 56.67% expelled their fetus at one stage of
The rest died, tOgether w1th their fetug, while the
others did not pick up the infection. These included
the remaining 20% not accounted for. On alloying the
mice to maté a second time over, they did not show
ré#urrent abortion, but had normal suckling mice at
thé appropriate period.

In vitro maintenance of the RH strain of

Toxoplasma‘gondll in fluid medium survived best at 4 C,

therefore, all reports were made on growth at this

particular témperature. Toxoplasma trophozoites were

stlll viable, after belng malntalned 1n whole human

blood, and fetal bovine serum for up to 56 days.

L
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The gradual increase in the length of survival of the
mice (in days)'into which these organisms were
inocﬁlated, intraperitoneally gives rise to the fact
that‘one of two mechanisms were takiné place; That is,
either the viability—bf"the'organisms.are decreasing‘
or the number of living organisms have decreased in‘
the ﬁedium, as they have died off slowly. The rate

at which these 2 factors are Operatiné'is-left to be
determined, as immunclogical factors would be mediated
in the infected mice, with the length of the infection.

Since Toxoplasma trophozoites can live.for so

long in wheole human blood and fetal bovine serum,
we can use this method for maintenance of the parasite,
after cell counts are done daily, and the virulence of

. o . ' . . - . . " . \ « . L] e e
e UL kﬁﬂll&blll L‘:bhcu- O VI I V] - N R Lilo L WALl MY Ll

' obatacles out of the way, it will be cheaper and less

tedlous to malntaln Toxoplasma para51tes in the

labo;atory, instead of the 4-6 days 1ntraper1t0neal

transfer from mice to mice, which is the accepted mode

-of maintenance.

‘The result of the work on Toxoplasma done by

Jacobs and Lunde (1957) led them to suggest that the

Toxoplasma antigen is a protein with thermolabile

properties, and although lots of authors have written
on the detection of antibodies by serologic means, in

patients infected with T. gondii, yet little is known

- —t
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concerning the antigenic composition of the parasite
and ‘the antigen employed in the serodiagnostic tests.
? In this study, the proteins present in the antigen

produced from the parasite after the.method of Voller

et a3l.(1976) was identified, using Molecular Weight

Standards, to determine the molecular weights of the

fractions derlved from the separatlon of the antigen

by gel filtration method. Sephadex G200 was the gel

used, as this covers a very wide range’of molecular

welghts. Column chromatography analysis of the anfigen

éave 3 Fractions and these were labelled FI, FII and
FIII. The elution volumes of edch fraction, determined

——

from their elution profile was used to determine Vo
. s

and this was used to extrapolate the molecular weights
of these fractions from the‘staﬁdard elution profile.
The results of molecular weights derived in this study
are qulte reliable, as Andrews (1965) had proved the
correlation between‘elutlon volume and molecular welght
of proteins, investigated by gel filtra£ion method on
Sephadex G200“polumn,tat ﬁH.f.S.' The fact that none
of these fracgions performed singly as an antigen in
the Indirect Haemagglutination test shows that

they are all components of the dntlgen, and cannot
perform the antigenic activity, when broken down.

This can be supported by the work of Chordi et al (19645‘

L A e Y i B W -
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who also found that human sera with T. gondil Haemag- “

glutination titers of less than 1:800 did not produce | B

v, .

-,...
g a8

parasitic bands in the Ouchterlony reactions. It is

apparent that these sera, like in this report, did not
have sufficient amount of antibody to develop preci-
pitates. It does follow that none of these fractions
is a main component of the antigen which is immuno-

loégically active and exerts no response similar to

e

that elicited by the whole antigen. This aspect of

the work requires further evaluation and precise

‘investigation.. ____

In conclusion, the age prevalence levels of

Toxoplasma anhtibodies in the general Laqgos population

as well as.in pregnant women have been determined.

.AiSO,TCXODldsmd seropositivity s Leen coricialed wild
"su5ceptibility to ihfection; The sources and modes bf
infection in tﬁe Laéos environment, as far as transmission | :
' . i
mechanisms are concerned have been shown to be otherwise, i

than by cats. There appears to be certain intermediate agents, -

which are yet toc be determined. Toxoplésmg_infection . -
in relation to recurrent abortions have been shown to | |
~have no adverse effect on mice, used as the model in

this study.‘ Expulsion of the fetus, was however shown
t6 occur, if inféction took plaée mainly in the first,

and partly in the 2nd third of . the gestational period.

" - o b TSt CBra e d—— .
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Toxoplasma trophozoites have been shown to survive in
whole human hlood, as well 23 in fetal bovine serum
foé up to 56 days at 4°c, and still cause infection if
jinoculated into clean mice intraperitoneally. The

Toxbplasma antigen prepared after the method of

Voflér et al (1976) has been shown to consist of 3

maih protein fractions with molecula:(weights 186,209
daltons, 41,687 daltons and 12,445 daltons respectively.
None of these .can however function as the whole antigen

iteelf in the Indirect Haemaggrutination test with

human seropositive serum.

—— e e ———
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APPENDIX ' ;

"Quantitative Estimation 'of Toxoplasma gondii

trophozoites using the Neubaer - Levy counting chamber.

- To estimate -the-Tumber of parasites per cubic milimeter
of'beritoneal fluid, using the improved Neubaer's counting
chamber, it was enSurea that the peritoneal fluid used

contained individual trophozoites that were already

b e e W L o e e bt FarT—————— -

~released from the host cells in which they multiplied.
. I'4

A 1:100 dilution of peritoneal fiuid was very adequate

for the counts. All 4 squares were counted 3 times

over and the average was used in the calculation.

calculation:
‘Depth = 0.1mm o .
o 1 (for eadh 1:10 dilution, we
"Area = wamwme : multiply by 100) o
S.ovol. = 0.1 X 759 T 75 " 7007 A600mM"
1 x Dil factor x Average of 64 squares

< 4000 (in. number of parasites)
: 1 1000 _ 3134 = 3134 ,
f.e. 2000 * 710 G5 = 78-3°

Number of parasites per mm3_of peritoneal fluid =

- - — o ——

78 + 10 trophozoites. Using a 1:20 dilution factor,
which is usually used for transfer and maintenance
of the parasites in the laboratorl, fhe number of
parasites per mm3 of peritoneal fluid is equivalent .

to 157 + 20 parasites.
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Bleeding of Cats

The cats were caged, and labelled. They wefe anaesthe-

sized‘by intraperitoneal injection of pentobarbitone sodium.
They were left for 30 minutes, for the anaesthesia to take
effect. The quaﬁtity of anaesthesia given was related to
the weight of the cat. 30-40g per body weight of the
anaesthesia Qa;"uééq on the cats.

.A'216 needle and a 2ml syringe were used to draw blood.
The hair covering the inner layer of thé'thigh was scrapped
off, and a tournique was tied around the upper region of
the knee, before.blood was drawn from the femoral vein.
Only 2mls of blood was removed from each cat.. The blood

was separated and the serum was used to run the Indirect

Haemagglutination test.

Calculation of K-values or Infectior Risk using

van Der Veen's equation:

.(Loge ?o - Log, Pl) x 100
Age Interwal (t)

5(t) )
where No = 44.29, N, = 41.47 E
= 1.6463 x 2.3026 - 1.6177 x 2.3026
= 3.79 -« 3.72
=(J‘-:5-Ollxaoo

= 0.014 x 100

1

=
L)
S

K = 1*4‘
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s

QUESTIONNAIRE: TOXOPLASMA GOMDII RESEARCH

NGME: et cssonssannsscsacnscacsassseesaHOSpital NOtes.seoeanennn

Age:..--.--c.....-..c-o--

4

SEX:o.o.i..---.--o..--c..

OCCUpatiOn2-...--...-......o.-o.----’--

Address:

Marital

P T E R I AR R R A IR R R A B B I B A R L B S L L L

StatUS:o.-..o'l.O---.-.-..-.‘...-.-l.-‘o.o--o.-.-.o.-

(a) Full past obstetrics historyieccecesacecaescrcnncacenn

NO .
No.

of spontaneocus abortionNsi....scicreccesereecneens

of Still-births:..C...l......'.l.l.."'....-'.....'.

(b) Past Medical history:.-..--..-o-o--------:.-.----6--..-

Any history of cervical Lymphadenopathy?...c.ceccccsecccnnss

Soil Contact: (a) Gardening:....se....{b} Fapmihg..:........

presence of Household Pets: (a) DOgs sesesso.{b) Cats......

Type of

Specimen: (a) Cord BlOOd:senscsonanan .. {b} Venous

blood:e.ssaaseasal{c) Products of Conceptioh:..........

Premature or NOrmal birthie.e.iceceecsssssesvenacsosscssona

Present

Complaint:o..'-..-...-.-..--.-..-.oo-.o----o----.o-

Clinical findings or remarkSi...ecesessavesorsocssacncocaes

-

15. sielings:

i) Nalne: - 5 " " & &8 &« » b & @ & & & F a8 * e 8 & & 8 9 & ¢ " s e ba .6 " o 0 % ¥
ii) SeX:.....-.......c...-.-.....-.......-.o..--o---o----
iii) Age. > & B 4 2 4 a '.l > 2 @ & o B S S AN S e e s e RS ‘I.’..- " e @ & & 8 0 % Pa

iv) Any Congenital Anomalies?

(a)
(c)

JaundicCe: e vesesssees.{b) Hydrops Fetaliste.oeeen

Choriofetinitis:........(d) Hydrocephaly.:seceossess

V) Clinical findiﬂgs:....-..-.---..-....--.-;.....-....o

vi). Type of Specimen:

: (a)
- {c)

Venous Blood:...o.......(b) Cord Blood:..eeeenesse

'F'ae_ces:-.....-.--..‘--..-

e~ .

A ATV - oy
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Histological Preparation of Tissue Sections

.To examine the tissues that were collected from
pregnant women as wcll as cats and mice, they had to be
prepared and sectioned, thin enough to- transmit light.
.To process such tissue sections, the following procedure

[4

had to be followed.

Tissues {(e.g. placental tissue, cat liver, lungs, heart,

:spleenr as well-as—those of mice inclusive) of about 5 mm in
;hickness were fixed in 10% formal saline for at least 24
hours, to presefve the cells as life-like as possible.
The tissues were then dehydrated through a gradéd series of . -
alcohol, begiﬁning from'TO%, through tolloo% ethanol, to
remove all traces of water, and prevent the distortion of
the tissue. After dehydration, they wére¢:leared in
cﬁlor@form to remove all traces of the alcohol, then they
.wax:infiltrated with molten paraffin wax in the oven, at
GOQC;;ZOC higher than the melting point of the wax (58°C).
The t;ssues were given 3 changes in thé molten paraffin
--wax, then blocking was done, from which sections were cut.
Sectioning was done on a microkome at 10 microns, and
they were floated out on a water bath énd mounted on slides.
They wé:e left on an oven to dry and were deparaffinized
in xylene, hydrated.through 100%, 90% and 70% alcoﬁol,
'passed through water, and then stained with Haematoxylin
and édsin. They were then again dehydrated through 70%

to 90% to 100% ethanol, and cleared in xylene, before they

I'4

e

L7 13, A SRR
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wefe mounted with Canada Balsam and coversiips were applied
ove} to preveht them from dust particles. When they were-
dry, they were observed under the microscope, before
photomicrographs were taken of the parasites in the

different tissues sectioned.

+ E—————
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Preparation of Tris-HCl Buffer pH 7.5

(Tris = (Hydroxymethyl) Amino Methane)

-161-

HCL Molecular weight of Tris = 121.1

‘For 0.1ml Tris

. 0.1 ml _ Mass

1.1 T Meles = mLE
0.1 xm

Moles = 3511

LI ] F‘i = Oll X 121-1 = 12-119/1

.. For 0.05m, we measurc 6.055g/litre

For 0Q.4m HCl

- - 86mLk -—— 1000ml 1m

O.1m

i}

8.6ml. - 1000ml

. 4.30 - 1000ml = 0.05m.

Therefore to prepare 0.05m Tris-HC1 pH 7.5 6.055g of

Yl n‘ln P . e = L L I )
P PLE S n\— j S AL R e I b

A 1 2L
b, A whe o A

PR R I T B I
- WL L TR WV Ep S W O}

water. Then 4.3mls of Conc. Hydrochlofic acid (HC1l) was

-added to 1 litre of distilled water.

For Tris - HCl pH 7.5,se added 100ml of the prepared

0.05m HC1l to 500ml Tris solution, and then made Up to

" 4 litre with distilled water in a round

The resulting mixture, gave 2 solution
it was checked with a pH m64 Research pH

This buffer was then used to elute

bottomed flask.
of pH 7.5, when
meter.

the proteins

from the antigen fractionated on Sephadex G200 column,
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pPreparation of Biuret Reagent for protein Assay

Materials:

(1) Protein standard (5mg albumin/ml). :This was
i prepared fresb.

(2)  Biuret reagents:
: Copper sulphate (Cus0,.5H,0)
| Sodium potassium tartrgte (Nakc406.4H20)
_"Sodium hydroxide NaOH 10% (7v)

* Potassium iodide.

. Preparation of Biuret reagent (Royal Blue)

(a) 1.5g CuS0,.5H,0 was mixed with 6.00g NakC,0..4H,0, and
stirred with a.glass bar in a 1000ml volumetric flask.

(b) S500ml glass distilled water was then added to the

flask and the solids.

(c). While the gontehts of the flasks were stirred vigorously,

le

AT e s M x [ T T T | O T,
SUGHIL O Luje iavil oy ¥V wad auuod v Ll Wiea Ll e,

(d) Then the stirrer was removed and the volume was made

up to 1 litre with glass distilled water.

(e) .The contents were thoroughly mixed and transferred to

3

a plastic bottle. This mixture termed 'Royal Blue'

_can be stored indefinitely. However, if a black

precipitate is observed, the solution is dissolved

and a fresh one prepared;

BSA (Bovine Serum Albumin)

Bsa | 0.0 0.1 ] 0.2 [ 0.3 | 0.4 | 0.5|0.6|0.7}0.8 0.1
gdw 1.0 |0o.9 | 0.8 | 0.7 | 0.6 | 0.5} 0.4] 0.3]0.2| 0.0
4.0 | 4.0[ 4.0

Biuret | 4.0 |4.0 | 4.0 | 4.0} 4.0 | 4.0]| 4.0

Reagent

a——— ket

NP e

i Y
g

STk,

e Tplle o g it

M e



Biuret Assay:
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The required quantity of the Biuret reagent (4 mls)

was added to the stated quantity of prdtein solution

diluted with distilled water,

and both were mixed

thofoughly, and incubated in the water bath at 37%¢ for

20 mlnutes.

This was aliowed to cool, and the extinction

was read at 540nm, using the Unicam Sp1800 ultraviolet

spectrophotometer (PYE UNICAM).

The readlngs were taken,

after the spectrophotometer was standardized, and zerced

with the Tris-HCl buffer pH 7.5 in the cuvettes of both

the referance beam and the sample beam.

A graph of

absofbance af 540nm was then drawn against protein

concentration (in mg)

The graph is shown on Page 105 of kthe Text.

Result of Biuret Assay for >tandard curve

PROTLLN TUBE “VOLUME ABSORBANCE AT 540 nm
CONC.- NUMBER OF BSA

(mg/ml) 1 2 3
0.00 1 0.00 = | Blank :
0.5mg/ml 2 0.1 0.024 .038 .023
1mg/ml 3 0.2 .048 .044 . 048
Smg/ml Sample | 0.5 .08 .082 . .082
2 (g) . .09 .088 .088
-3 6 . .134 . 136 .132
4 7 . .178 .178 .178
Smg/ml 8 1 0.25 .23 1 .22

T e

z
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Sodium Azide NaN3 (antimicreobial agent)

{1}

NaNg = 23 + (44 x 3) = 23 4 42

Mi = 65

659/1itre = 1m .

0,01m = 0.65gm/dm>

0.65gm in 1 litre of Distilled H,0 =
4ml of 0.071m NaN, was added to 1 litré

to keep out mic:obiai g:owth.

65,

0.01m NaN3

of Ehe buffer

N ar
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