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Follicular conjunctivitis caused by Chlamydia trachomatis
in an infant Saharan population: molecular and clinical
diagnosis
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Aims: To ascertain the prevalence of acute trachoma as a supposed endemic disease among infants
in the Saharan refugee camps of Tindouf (Algeria) and to evaluate the efficacy of treatment with a sin-
gle dose of azithromycin.
Methods: 527 children aged between 3 and 17 were evaluated in the camp schools in October
2001. All the children were clinically and microbiologically examined, including slit lamp checks of
anterior segment and two conjunctival swabs, one for the detection of membrane lipopolysaccharide
by quick immunoassay test Clearview Chlamydia MF and the other for the detection of specific DNA
by chlamydia plasmid specific polymerase chain reaction (PCR) assay. After examination, a single
dose of azithromycin was administered to each child. One month later samples from positive children
and 12 random negative children by the first PCR were taken to perform a new PCR assay.
Results: Chlamydia trachomatis was suspected in 2.47% of the children, papillary hypertrophy being
the most frequently seen clinical sign. Scarring changes secondary to trachoma were detected in
11.7% of the children. Only four cases (0.8%) were positive to the immunoassay test and 12 cases
(2.27%) were positive by PCR. After treatment a second PCR was performed on positive children and
they were negative of chlamydia DNA amplification. However, one child who was negative and
received the treatment was positive in the second PCR assay.
Conclusion: Acute trachoma prevalence is much lower than expected among infants in this Saharan
population. The possible reasons could be the recent improvements in hygiene and health care. Cica-
tricial trachoma is more frequent. The Clearview immunoassay test has very low sensitivity in the detec-
tion of this disease. A single dose of azithromycin is sufficient to treat chlamydial conjunctivitis.
However, a programme of improvement in hygiene and health care is necessary to prevent
re-infection.

Trachoma is one of the oldest illnesses of those known to

humankind, being the most frequent cause of blindness

that could be avoided in developing countries.1 In chronic

conjunctivitis produced by Chlamydia trachomatis (serotypes

A-C), the various reinfections end up causing scarring of the

conjunctiva, xerosis, entropion-trichiasis, permanent damage

to the cornea, and opaqueness which results in blindness.2 It is

an illness associated with poverty and lack of hygiene. It is

propagated through direct contact with the eye secretions3 or

by flies that come into contact with these secretions.4 5 The

environmental characteristics and habits that most influence

its eradication are the presence and use of toilets, the supply of

running drinking water, and the daily washing of the

children’s faces.6–9 These factors, along with the close contact

with cattle in the domestic environment, contribute to an

increase in the presence of the flies among the population and

leads to a condition known as “ocular promiscuity” favouring

eye to eye contact by the insects.3 5 8

Trachoma has been eliminated as an illness which causes

blindness in various endemic countries and regions, by means

of significant improvements in the social and economic situa-

tion of the population and by means of specific sanitary meas-

ures. However, in some of the countries where trachoma was

endemic, there are still residual pockets of trachoma and

complications, such as entropion-trichiasis, which requires

surgery of the eyelid.10

The prophylactics, in addition to the raising of awareness to

improve hygiene, are decisive in eradicating the illness. The

appearance of an antibiotic called azithromycin has brought

new hope to the treatment of this illness that is still prevalent
in many countries.11–16

The Arab Saharan Democratic Republic is a nation without
land which has lived in refugee camps for more than 25 years,
situated in the heart of the Algerian Sahara desert. Health care
in the refugee camps is maintained principally through the
expeditions sent by different non-governmental organisations
(NGOs) and official aid organisms. According to the estimates
of the World Health Organization (WHO), there must be more
than 2000 blind people in the camps and three times as many
visually impaired. The adults with palpebral scars and the
children infected by chlamydia constitute the reservoir for
future generations of blind people due to trachoma.4 5 There is
no documentary evidence about the prevalence and incidence
of trachoma in the camps, only estimates based on data of
similar populations which lead us to presume a high impact in
this society.

The clinical diagnosis of the late cicatricial stages of
trachoma is simple, because of the relative specificity of its
appearance. On the other hand the predictive value of the
signs habitually present in the extreme cases of conjunctivitis
is quite low. In this way, a low clinical-bacteriological correla-
tion for acute infections by Chlamydia trachomatis has been
reported.17–20 Therefore, in order to conclude that a follicular
conjunctivitis is produced by C trachomatis a microbiological
diagnosis is necessary. Among the existing tests to detect C
trachomatis in biological samples, the polymerase chain
reaction (PCR) is the most favoured owing to its high
sensitivity and specificity.20–27 Its main limitation lies in its
availability in economically deprived areas where simpler tests
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are necessary with lower costs to help with the diagnosis in

these countries.

The objective of this work has been (i) to undertake an epi-

demiological study to find out the current prevalence of active

trachoma infection in the child population in the refugee

camps of the Arab Saharan Democratic Republic in Tindouf

(Algeria) by means of DNA detection of C trachomatis by PCR,

(ii) to compare the results obtained by PCR with those

obtained by Clearview immunoassay test, and (iii) to evaluate

the efficacy of treatment with a single dose of azithromycin.

MATERIALS AND METHODS
Patients and clinical evaluation
During the month of October 2001, 527 children aged between

3 and 17, living in schools or nurseries of the Saharan refugee

camps of Tindouf, were evaluated consecutively by the same

group of researchers. In order to select the schools in which

the studies were undertaken the advice of the ministries of

health and education was taken into account. They were

informed of the objective of the study and chose the

geographical area and the centres which would be representa-

tive of the Saharan population in terms of the social,

economic, and cultural characteristics of the inhabitants.

Each child underwent a biomicroscopic check with a slit

lamp and two samples (conjunctival swabs) were taken for

microbiological study. Name, age, sex, weight, and clinical

data of interest was registered, and the samples of each child

were marked with an identification number.

In the clinical check the following signs were taken into

account: hyperaemia, secretions, small follicles in low quanti-

ties, large follicles (over 0.5 mm) in quantities over five, papil-

lae, tarsal scarring (line of Arlt), scarring of limbic follicles

(Herbert’s pits), pannus, entropion, trichiasis, leucoma, and

xerosis. The simplified classification for trachoma proposed by

the WHO28 was applied, the signs were grouped according to

whether they were acute or chronic. The possible cases

considered from a clinical point of view as acute trachoma

were those in which the signs found led to them being

included in the TF (trachomatous follicular) or TI (intense)

groups of the aforesaid classification. The signs included in the

groups TS (scarring), TT (trichiasis), or CO (corneal opacity)

were considered criteria of chronic trachoma (Table 1).

After examination, a single dose of azithromycin (Zithro-

max, Pfizer), was provided for each child (20 mg/kg). One

month later, some ocular samples from those children were

taken. Because the children were scattered around the camp,

it was only possible to take samples of nine of the 12 children

whose microbiological analysis was positive. Twelve negative

children also were taken at random to perform a new PCR

assay.

Ocular samples
Conjunctival swabs of each eye were taken with a dry cotton

bud, ensuring the greatest quantity of epithelial cells were

obtained.

One of the swabs was used to detect the lipopolysaccharide

epitope of Chlamydia (LPS) by immunoassay and the other to

detect C trachomatis DNA by the PCR.

Detection of lipopolysaccharide epitope of Chlamydia
spp
The detection of the LPS was performed by a rapid

immunoassay test, Clearview Chlamydia MF (Unipath,

Bedford, UK). The cells of the swab were suspended in 1.5 ml

of sterile water by vortex. After spinning, 0.6 ml of extraction

reagent was added to the pellet and heated at 80ºC for 10–12

minutes. Five drops of extract were applied to the sample

window of the test unit.

Clearview Chlamydia MF immunoassay test is used

normally to direct qualitative detection of C trachomatis
antigen in either female endocervical swab specimens or male

urine specimens.29

Detection of Chlamydia trachomatis DNA
DNA extraction
Swabs were placed into 1.5 ml of sterile water and vortex.

After spinning, the DNA was isolated by using the InstaGene

Matrix (Bio-Rad Laboratories, Hercules, CA, USA) as specified

by the manufacturer.

DNA amplification by PCR
Extracted DNA was amplified using a RoboCycler 96 Tempera-

ture Cycle (Stratagene, La Jolla, CA, USA).

The specific primers used for chlamydial DNA amplification

were KL-1 and KL-2, derived from the sequence of the

conserved cryptic plasmid.30 The PCR was performed as

described by Mahony et al.30 Aliquots (10 µl) of each amplified

product were electrophoretically separated in a 2% agarose gel

in 1X TRIS-borate-EDTA buffer and visualised using ethidium

bromide under ultraviolet illumination.

RESULTS
The average age of the population studied was 9.74 (SE 2.81),

with ages of between 3 and 16 years old and 52% were girls.

Table 1 Simplified trachoma grading proposed by the WHO.28 The signs were grouped according to whether they
were acute or chronic

Abbreviation Denomination Clinical findings

Acute trachoma TF Trachomatous inflammation—follicular Presence of five or more follicles at least 0.5 mm in
diameter, in the upper tarsal conjunctiva

TI Trachomatous inflammation—intense The tarsal conjunctiva appears red, rough and
thickened. There are usually numerous follicles
which may be partially or totally covered by the
thickened conjunctiva

Cicatricial trachoma TS Trachomatous scarring The presence of scarring in the tarsal conjunctiva.
Scars are easily visible as white lines, bands, or
sheets in the tarsal conjunctiva

TT Trachomatous trichiasis At least one eyelash rubs on the eyeball. Evidence
of recent removal of inturned eyelashes should also
be graded as trichiasis

CO Corneal opacity The pupil margin is blurred viewed through the
opacity. Such corneal opacities cause significant
visual impairment (less than 6/18 or 0.3 vision),
and therefore visual acuity should be measured if
possible.
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The children were from nine schools which were geographi-

cally as close as possible, in such a way that all were located in

the “Daira” (settlement) of Auserd and had a maximum dis-

tance of 5 km between them.

Clinical features
The clinical sign that appeared with most frequency among

the 527 children studied was the presence of papillae (92%),

followed by the follicles smaller than 0.5 mm, line of Arlt, leu-

coma, pannus, and follicles larger than 0.5 mm and in quanti-

ties over five. Figure 1 shows the percentage of all the param-

eters studied and their prevalence in the child population.

According to the classification of Table 1, acute trachoma

was present in only 2.47% of the children examined. However,

cicatricial trachoma appeared with greater frequency than

acute trachoma. There were 47 children showing line of Arlt,

25 children with pannus, and none with Herbert pits;

therefore, the percentage of cicatricial trachoma was 11.7%.

Test for the detection of LPS
Only four samples were positive using the Clearview test, their

corresponding clinical signs are shown in Table 2. Only two of

these four showed the same results by PCR. Therefore, the

specificity and sensitivity of this test is very low for this kind

of samples, 50% and 16.67%, respectively.

Results obtained by amplification of DNA
Of the 527 samples taken in the first sampling, 12 were posi-

tive by amplification of DNA of C trachomatis. Of these 12 sam-

ples, only two were also positive with the Clearview test. Table

2 shows the clinical features of the samples detected by PCR

During the second sampling, 1 month after administrating

azithromycin to the population, 21 samples were taken, nine

from children who had been positive with the first PCR test

and 12 samples from children who had been negative. All the

children who had been positive were negative by the PCR in

the second analysis. However, one of the 12 children who had

been negative in the first analysis was positive 1 month later.

DISCUSSION
In the present work, an active trachoma epidemiological study

of child population from a trachoma endemic area in Algeria

was performed by PCR, according to the method of Mahony.30

Our results indicate that the incidence of acute trachoma in

the child population in this area is much lower than expected.

In studies carried out previously in other endemic areas, it has

been observed that the child population is the preferred target

of the recurring severe infections by Chlamydia trachomatis,
their secretions constituting an important reservoir of the

parasite in these areas.3 This low incidence may be due to the

social and cultural changes that have recently occurred in the

population. The impact of the environmental conditions on

the distribution of trachoma as an epidemic has been

documented on many occasions.6–8 31 Of all the factors

analysed, the distance from water and the presence of cattle in

the domestic environment seem to have a strong association

with the incidence of the infection.3 7 Recent changes in the

lifestyle of the adult and child community that inhabit the

refugee camps may explain the low prevalence obtained.

These changes include the recent incorporation of all children

from the age of 3 into schools and the fact that the domestic

Figure 1 Frequency of appearance
of the different clinical signs in the
child population.

Table 2 Samples positives by PCR or by Clearview immunoassay test and their
corresponding clinical signs

Sample number Positive by PCR
Positive by
immunoassay

Signs of acute
trachoma

Signs of cicatricial
trachoma

CH1 + SF
CH27 + + Pannus
CH28 + SF
CH39 + BF Line of Arlt
CH66 +
CH74 + SF Pannus
CH125 + BF
CH240 +
CH310 + + SF
CH365 +
CH368 + SF
CH373 + SF
CH374 +
CH385 +

SF = small follicles; BF= follicles longer than 0.5 mm.
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animals (goats and camels) have been moved towards the
outside areas of the “Dairas” (settlements).

The WHO has recommended a simplified classification of
trachoma in which the main clinical signs are detailed.28 In
this classification the clinical signs that lead to suspicion of
follicular conjunctivitis caused by C trachomatis, are the
presence of follicles of the appropriate size and the enlarge-
ment of the tarsal conjunctiva. In the Saharan population
studied the existence of papillae was practically universal
(92%); however, this sign was as frequent as unspecific.
Together with this, the presence of grains of sand causing
chronic irritation of the ocular surface was almost constant.
Mild follicular hypertrophy was also very frequent (36%). The
presence of irritating factors due to the environmental condi-
tions such as the desert sand and dust, led us to discard these
unspecific signs as suspicious of infection by trachoma in the
acute phase.

Taking into account the rest of the signs of trachoma, large
follicles in quantities over 5, the prevalence of clinical
trachoma in the acute phase was 2.47%. A priori, this
prevalence could correspond to the 2.27% obtained using the
PCR; however, if we analyse the samples that were positive by
the PCR we can see that they do not correspond to those that
were diagnosed on the basis of the clinical signs. This consoli-
dates the fact that the correlation between the clinical and the
microbiological diagnosis is very poor. The low efficacy of the
clinical suspicion of acute trachoma (presence of follicular
conjunctivitis) as a diagnostic instrument has been brought to
light in other studies in which the clinical-microbiological
correlation whether by culture, immunoassay, PCR, etc, was
very low.17–20

Using the Clearview immunoassay test the percentage of
individuals who had C trachomatis is 0.08%. This test has not
been previously used in conjunctival samples, only in urethral
and exocervical samples, in which it has a sensitivity of 67.7–
93% and a specificity of 95.5–99.8% respectively.29 32 We have
used this immunoassay test because it is quick and easy to
carry out in the place where the sample is taken. In addition,
on detecting the genus specific lipopolysaccharide of mem-
brane of chlamydia, a priori, it should also be capable of
detecting both groups of serotypes (A-C to D-K).33 The low rate
of positives in comparison with the PCR test, may be due to
the lower sensitivity of the test in samples with a low quantity
of cells, as occurs in the urethral samples in which the sensi-
tivity drops to 67.7%.32 However, it does not have levels as low
as obtained in this study when compared to the PCR test.
Another cause that could explain the low correlation between
the two tests could be that a sample was taken from each eye
for each test and that in the moment of taking the sample the
conjunctivitis was unilateral; nevertheless, this is an unusual
situation. This circumstance, or the appearance of a false posi-
tive for no apparent reason, could explain the fact that there
are two samples that were positive by the Clearview test and
negative by PCR. These two samples underwent another PCR
test based on the amplification of a zone of the chromosome,
specifically the gene omp-1.34 Several DNA regions can be used
as a target for amplification, including the cryptic plasmid,30

major outer membrane protein (MOPS),34 or rRNA genes.23 In
this work we have used the plasmid based PCR, because it is
more sensitive than the bacteria chromosome based PCR to
detect C trachomatis.21 35 However, in endocervical samples
some strains have been detected that did not show this
plasmid.36 37 Although no strain with these characteristics has
been detected to date in conjunctival samples, a second PCR
was carried out to amplify the MOMP gene present in the
bacterial chromosome in the two samples that were negative
by PCR and positive by Clearview. Both of them were negative,
supporting the theory of a low specificity of the Clearview test,
a cross reaction between a major glycolipid antigen of
chlamydia and the innermost core of the lipopolysaccharide of
enteric bacteria38 or unilateral acute trachoma in the moment
of taking the sample.

Using PCR we have obtained 12 positive samples corre-

sponding to 2.27% of the population studied. In these samples,

not all showed symptoms of acute trachoma, nor were all

those with symptoms of acute trachoma positive with the

PCR. This leads us to the conclusion that the clinical diagnosis

is useful as a guide but is not sufficient to be able to declare

whether a patient is infected by C trachomatis or not.

The percentage of cicatricial trachoma by clinical picture

was double that of acute trachoma. As expected, this percent-

age increases in children as their age increases because

reinfection is a necessary factor in order to produce cicatricial

trachoma (Table 2). The recent adoption of environmental

measures which, in our opinion, has caused a decrease in

acute infections has not prevented the presence of these in

older children and adolescents (Fig 2).

The WHO has chosen trachoma as a priority objective in its

global project “Vision 2020.” In this project, international

efforts to eliminate trachoma as a potentially blinding disease

will be based on the strategy named project GET (Global

Elimination of Trachoma) elaborated by the WHO—a combi-

nation of operations known as “SAFE,”6 11 which includes Sur-

gical procedures, Antibiotical treatment, Facial cleaning, and

Environmental changes. We have already seen how an

improvement in the environmental conditions has reduced

trachoma in this Saharan population. If we observe the results

obtained in the samples taken 1 month after the treatment

with azithromycin we can see that the treatment is indeed

effective as none of the children who had C trachomatis
detected in the first PCR had it detected in the second. But the

fact that one of the children who was negative by the first PCR,

received the treatment, and 1 month later was positive,

contributes even more to support the idea that environmental

changes are necessary in addition to the administration of

antibiotics to avoid reinfection, and in this way eradicate tra-

choma from these countries.

Given the results obtained, and contrary to what could be

expected, the prevalence of the acute trachomatous

infection—in the school age population of this poor area with

a hot, dry climate—is relatively low at 2.27%; the low figures

obtained, together with the higher figures for cicatricial

trachoma, can be explained by taking into account recent cul-

tural and environmental hygiene changes, such as universal

schooling and the distancing of the cattle form the domestic

environment. In addition to the administration in mass of

doses of oral azithromycin, social and cultural changes are

necessary in order to improve the hygienic conditions if the

rate of transmission is to be reduced.
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