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Laboratory study of trachoma in Egyptian
rural schoolchildren
Cytological and serological investigation on infection by Chlamydia trachomatis*

CARL H. MORDHORST 1 & NADIA HEGAZY '

Cytological preparations from the conjunctiva of schoolchildren were examined by
Giemsa staining and by an indirect fluorescent antibody (FA) technique. In addition,
chlamydial group-specific antibodies in sera were measured with the complement fixation
(CF) test. It has consistently been shown that the FA technique is more sensitive than
Giemsa staining for the cytological demonstration of intracytoplasmic inclusions in con-
junctival cells from trachoma patients, but reports differ regarding the degree of its
superiority. The present study confirmed that the FA technique is more sensitive. Further-
more, the demonstration of intracytoplasmic inclusions by the FA technique correlated
to a high degree with the intensity of the clinical signs of trachoma. With chlamydial
(bedsonial) group antigen, the CF test yielded positive results in only a small proportion
of cases. However, in areas where the disease is hyperendemic, a standardized CF test
may show a correlation of positive results with the intensity of clinical signs. This is the
case in the present study when low CF titres are considered as positive. The CF test may
thus provide useful laboratory support for comparative studies of trachoma in large
population groups.

In a previous WHO-sponsored collaborative study
reported by Schachter et al. (1) on the laboratory
diagnosis of trachoma, a standardized complement
fixation (CF) test with a single chlamydial group
antigen was found to be highly reproducible. In the
same study, a microscopic comparison of Giemsa
staining and fluorescent antibody (FA) staining was
carried out on conjunctival smears collected from
young schoolchildren in Morocco. The CF test and
the Giemsa method were found to give positive
results in only a limited proportion of trachoma
cases, but showed good correlation with the inten-
sity of the disease. In accordance with reports by
Nichols et al. (2) and Hanna (3), the FA method
proved to be considerably more sensitive than the
Giemsa method for revealing inclusions but was a
less accurate indicator of clinical intensity. One of
the possible explanations for this may be that the
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quality of the smears collected in the study was
unsatisfactory.

In a survey carried out in 1971, a total of 740
schoolchildren in Egypt were screened for evidence
of trachoma. A clinical diagnosis of trachoma was
made in 85 of 177 children with signs of inflamed
eyes. All 177 were subjected to detailed clinical and
laboratory examinations. The present study reports
the results of cytological and serological (CF) exami-
nations, with emphasis on the correlation of labora-
tory findings with the clinical intensity of trachoma.

MATERIALS AND METHODS

Patients

Among 740 first-grade and second-grade school-
children (6-8 years old) from four villages of the
Giza district south of Cairo, 177 children presented
signs of inflamed eyes when examined by one of us
(N.H.) during November and December 1971. The
examination was carried out by oblique illumination
and a loupe. The clinical signs and diagnosis for the
177 children were recorded for the right eye only,
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according to the criteria recommended by WHO (4).
The clinical data on WHO record cards were sent
to Copenhagen but were not examined before all
the laboratory tests had been completed. Thus, one
of the investigators (C.H.M.) at no time had any
information on the clinical results when the labora-
tory tests were performed.

Cytological studies
Immediately after the clinical signs had been re-

corded, conjunctival swabs were taken from the right
eye, to be cultured for bacteria. The results of those
examinations are to be reported elswhere. Using a
Storz steel spatula, conjunctival scrapings were then
collected from the upper tarsal and lower conjunc-
tival surfaces of the right eye and spread on two
sites of a Trident " fluoro-slide " for later FA stain-
ing. Immediately afterwards, similar scrapings from
the same eye were taken for Giemsa staining. No
anaesthetic was used. The smears for FA staining
were air-dried and were fixed within 24 h incold
(4°C) acetone for 15 min. They were then rinsed in
phosphate-buffered saline (pH 7.1) and air-dried. The
smears were kept at -20°C until they were FA-
stained in Copenhagen about 2-4 months later. On
arrival in Copenhagen, the speciments were kept at
room temperature for about 12 h. The smears for
Giemsa staining were air-dried, fixed in absolute
methyl alcohol for 15 min, and kept at room tem-
perature until they were stained in Copenhagen
according to the method reported by Mordhorst (5).
For the detection of FA-stained inclusion bodies,
the indirect FA technique described by Schachter
et al. (1, 6) was used. The same lot of TRIC pooled
rabbit serum against rc/Cal 3 and Apache-2 as that
employed in the collaborative study in Morocco (1)
was used in the present study in a dilution of 1: 20.
A commercially prepared fluorescein-labelled goat
anti-rabbit globulin (Hyland Laboratory) in a work-
ing dilution of 1: 80 was used as a second layer in
this method of indirect FA staining of conjunctival
smears. The slides were mounted in 90% glycerol
in phosphate-buffered saline and examined by dark-
field fluorescence microscopy. A specimen was con-
sidered positive only when it demonstrated a brightly
fluorescent mass in the cytoplasm of a well-defined
epithelial cell. Smaller, rounder inclusions were also
counted. Only when two observers or more agreed
upon the finding was a smear considered positive.
A small number of specimens could not be included
in the results because they did not contain enough
cells for a satisfactory examination.

Serological test
Blood specimens were drawn from 170 of the

177 children examined. Serum was separated within
24 h of collection and kept at -20°C until tested.
On arrival in Copenhagen, the serum specimens were
kept at room temperature for about 12 h. The
CF test was performed as described by Mordhorst &
Dawson (7), using an ether-soluble, acetone-preci-
pitated, phospholipid-type group antigen prepared
from the E/DK/SS-1/ON strain of C. trachomatis.
The antibody titre was expressed as the reciprocal
of the serum dilution. A serum titre of 5 or greater
was considered as a positive reaction. Three sera
with anticomplement activity were excluded.

RESULTS

Clinical examination
A presumptive diagnosis of eye inflammation was

made in 177 of 740 children. Fig. 1 gives the distri-
bution of clinical diagnoses. A clinical diagnosis of
trachoma (stages II-IV) was made in 48% of the
177 children, the diagnoses of trachoma stages II
and III being evenly distributed. Only 3 children fell
into the stage IV category. Among the remainder,
a final distinction between trachoma stage I and
other potential causes of eye inflammation was not
possible, and this is indicated by N.D. (diagnosis
not determined) in the figure. The rate of positive
Giemsa staining among the 177 children was 7%,
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Fig. 1. Distribution of diagnoses in four primary schools.
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Table 1. Comparison of inclusion-positive specimens
from individual children

FA staining
Total

positive negative

Giemsa positive 1 1 1 1 2
staining negative 65 100 165

Total 76 101 177

compared with 43 % by FA staining. In all but one
of the children with a positive Giemsa-stained speci-
men, positiveFA staining was also observed (Table 1).
The results with both methods correlated well with
various gradings of active disease, as may be seen
from Fig. 2-3, where both the upper and the lower
conjunctival examination has been counted for each
subject. A high correlation with the intensity of the
disease was seen by FA staining, with an inclusion-
positivity rate in the range of 80-85% in the cases
with the most active disease, as judged by a single
clinical sign (presence of follicles on the upper con-
junctival surface). It may be added that a similarly
high rate of FA positivity (85 Y.) was found among
39 children with maximal papillary hyperplasia (P3).
Whether measuring the maximum intensity of dis-
ease in terms of follicles or papillary hyperplasia,
the FA method was consistently about four times
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Fig. 3. Inclusion-positivity rates for upper and lower
conjunctivae, according to the degree of follicular
involvement.

as sensitive as Giemsa staining was. We also tried
to see if there was any difference in the inclusion-
positivity rate between specimens collected from the
lower and upper conjunctivae. It was found that the
former regularly tended to be more positive than
the latter with Giemsa staining, whereas the speci-
mens from the upper conjunctiva were more often
inclusion-positive by the FA method than those from
the lower conjunctiva.
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Fig. 2. Inclusion-positivity rates for upper and lower
conjunctivae, according to clinical diagnosis.

Serological results
The CF test with a chlamydial group antigen,

performed on 167 sera from the 177 children exam-
ined, showed a positivity rate of 25% when all
titres of 5 or higher were counted as positive
(Table 2). Titres of 20 or higher were found pre-
dominantly in children with a diagnosis of tra-
choma (stages Il-IV). As was the case for cytological
examinations, positive CF titres were found to cor-
relate well with the degree of activity of the disease
(Fig. 4, 5). Such a correlation, however, could be
observed only when titres of 5 were considered
to be positive. In that case, more than half of the
children with the maximum degree of active disease
gave positive results with the CF test.

DISCUSSION

In the present study, both the Giemsa and the
FA staining methods showed a consistent correlation
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Table 2. Range of CF titres in sera from 167 children

CF titre
No. of patients Total

0 <5a 5 10 20 40 >80

Trachoma diagnosed
(Stages Il-IV) 79 43 12 8 4 7 2 5

Trachoma not diagnosed 88 52 19 8 4 2 1

Partial binding of complement in a serum dilution of 1: 5.

t$4 41 39 3
Not Trachoma Trachoma Trachoma

determined 11 Ill IV
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Fig. 4. Positivity rates of complement fixation (CF)
antibody titres, according to clinical diagnosis.
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Fig. 5. Positivity rates of complement fixation (CF)
antibody titres, according to degree of follicular
involvement.

with the degree of activity of the disease. This eorre-
lation existed with clinical signs such as the presence
of follicles or papillary hyperplasia of the upper
tarsal conjunctival surface. FA staining, being 4-7
times as sensitive as Giemsa staining, also showed a
far higher correlation with the degree of active
trachoma. The relatively low positivity rate obtained
with the Giemsa method may be connected with
the fact that the Giemsa-stained specimens were
collected after those submitted for FA straining.
If the conjunctival specimens had been collected
on cotton-tipped swabs instead of a steel spatula,
Giemsa staining might conceivably have given a
higher positivity rate, as less epithelial material
would have been collected previously for the FA
staining.

In the Morocco study Schachter et al. (1) also
observed a higher rate of positivity with the FA
technique than with Giemsa staining, although there
was a relatively poor correlation with the degree of
clinical activity. A possible explanation for this
observation may be the generally poor quality of
the material that was collected for cytological stud-
ies-which hampered the microscopic reading con-
siderably. In contrast, the specimens collected in the
present survey were of high quality on the whole,
as shown by both Giemsa and FA staining, although,
with the latter, some specimens had a hazy appear-
ance on microscopy-a finding generally recognized
only in smears with a larger amount of secretions.
However, the haziness did not seriously impair the
microscopic reading of the smears.

In the Morocco study (1) the specimens collected
from the upper conjunctiva tended to be more posi-
tive when stained by the Giemsa method than did
those from the lower conjunctiva, whereas the latter
were more often positive when stained by the FA
method than those from the upper conjunctiva were.
These observations could not be confirmed is the
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Egyptian study, where the opposite correlation was
seen. The significance of these discrepancies is not
clear.
The rate of positive CF reactors (25%) found in

Egypt was identical to that observed among school-
children in an area of Morocco where trachoma is
hyperendemic (1). It is a general observation that
most trachoma patients who react positively to the
CF tet show only a low CF titre. This was also
seen in the Egyptian schoolchildren. Whereas the
specificity of low CF titres for the diagnosis of chla-
mydial infections has generally been questioned, the
present study shows the importance of including
the low CF reactions as positive in studies of popu-
latioa in areas where trachoma is hyperendemic.

Thus, only when the positive reactions at serum di-
lutions of 1: 5 were included could a consistent corre-
lation with the degree of activity of disease be seen.
The usefulness of the CF test for comparative studies
of large population groups was further substantiated
by the correlation of cytological and serological
findings. The recent laboratory advances in the iso-
lation of C. trachonatis in cell culture, reported by
Gordon et al. (8) and the micro-immunofluorescent
test with this agent used by Wang & Grayston (9, 10)
for antibody determination in human sera and tears
have not yet been applied in large-scale surveys of
trachoma, but may well be of value in estimating
the degree of endemicity of trachoma in a given
population or area.
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RtSUMV-
tTWDE DE LABORATOIRE DU TRACHOME CHEZ DES ECOLIERS tGYPTIENS DE MILIEU RURAL:

RECHERCHES CYTOLOGIQUES ET SEROLOGIQUES SUR L'INFECTION PAR CHLAMYDIA TRACHOMATIS

Au cours d'une enquete men6e en novembre-d6cembre
1971 dans quatre villages du district de Giza, en Egypte,
on a d6cel6 des signes cliniques d'infection oculaire chez
177 ecoliers sur 740 examin6s. Les enfants atteints ont
fait l'objet d'examens complementaires cliniques, cytolo-
giques et serologiques. Chez 85 d'entre eux, on a pose
le diagnostic de trachome aux stades II a IV: trois enfants
seulement ont 6te reconnus atteints de trachome inactif
(stade IV) tandis que parmi les 82 autres les stades II
et III 6taient observ6s avec une fr6quence 6gale.
Une etude comparative de la m6thode de coloration

par le Giemsa et d'une technique d'immunofluorescence
(IF) indirecte pour l'examen cytologique des frottis

conjonctivaux a fait ressortir une sensibilit6 tres supe-
rieure de 1'IF. On a releve une tres bonne eorr6lation
entre les resultats fournis par cette technique et l'intensite
des signes cliniques du trachome.
La specificite des faibles titres d'anticorps ixant le

compl6ment (FC) obtenus avec un antigene Chlamydia
de groupe a 6te mise en doute. Dans la presente etude,
il est apparu que si I'on tient compte des serums faible-
ment positifs la correlation entre les r6sultats de 1'epreuve
FC et l'intensit6 des signes cliniques du trachome est
tres satisfaisante. On en conclut que cette epreuve peut
etre utilement employee pour les etudes comparatives
du trachome dans des groupes de population importants.
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