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Conjunctivitis and keratitis account for the 
majority of cases of ocular morbidity seen by 
family doctors, general practitioners, health 
centres and local ophthalmic clinics; up to 70% 
of cases in developed countries and possibly as 
high as 90 % in developing countries, I The 
common causes of conjunctivitis and keratitis 
are bacterial, chlamydial, viral and parasitic 
infections, protein and vitamin A deficiencies, 
and allergies. The identification of causative 
microorganisms is essential for the correct 
management of ocular infections. 2 However, 
clinical diagnosis is not reliable and in many 
cases the correct diagnosis can only be achieved 
with the aid of laboratory tests.3 In the absence 
of such tests many cases of ocular infections may 
be incorrectly diagnosed. In one study in 
London, only 49% of cases from whom either 
Chlamydia trachomatis, adenovirus or herpes 
simplex virus (HSV) were isolated had been 
correctly identified by the clinician.4 

The Section of Virology of the Institute of 
Ophthalmology, has been involved in the 
development and improvement of laboratory 
diagnostic tests for chlamydial and viral ocular 
infections since its formation in 1964. This paper 
discusses the diagnostic techniques which have 
been developed for these infections since that 
time, with particular emphasis on the contri
butions made by the Institute of Ophthalmology. 

The Nature of Laboratory Tests 
Diagnostic techniques can be conveniently 
divided into four categories: 
(a) Cytological tests. In these tests, the cause of 

the disease is inferred from the types of 
inflammatory cells present on the con-

junctiva. The result can only be presumptive 
but the test is rapid and inexpensive. 

(b) Direct detection tests. In these tests 
specimens from the patient are tested 
directly either for the presence of relevant 
microorganisms or of antigens specific to 
that microorganism. The microorganisms 
detected do not need to be viable but they 
may be present only in small quantities so 
the sensitivity of the test must be high. 

(c) Culture or isolation tests. In this case the 
specimen is cultured to grow the organism. 
Small quantities can usually be detected as 
the organisms multiply during the test. It is 
important that the specimens collected 
contain sufficient epithelial cells and they 
must be transported to the laboratory in a 
manner designed to preserve the viability of 
the organisms. 

(d) Serological tests. In these tests, patients' sera 
or local secretions are tested for antibodies 
to the microorganism. The presence of 
specific antibodies indicates a patient's 
exposure to the particular infection in the 
past or present. The presence of specific 
IgM antibodies or a high titre of IgG anti
bodie, in the blood is suggestive of the 
present iniection. In some cases, the 
presence of antibodies in local secretions has 
been shown to correlate well with active 
disease. The absence of antibodies to a 
particular microorganism argues against it 
being the cause of an infection unless the 
specimen has been taken so soon after onset 
that there has been no time for antibody 
production. A definitive diagnosis can be 
obtained if a second sample is tested at least 
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two weeks after the first and seroconversion 
or a four-fold rise in antibody titre is 
detected. 

Cytological Tests 
The conjunctival cytology of ocular infections 
was described by Thygeson.5 During the acute 
phase of disease, between about one and six 
weeks after onset, the inflammatory cells present 
in bacterial infections were predominantly 
polymorphonuclear leucocytes while in viral 
infections they were mainly mononuclear. 
Chlamydial infections tended to have mixed 
polymorphonuclear and mononuclear cells 
while the presence of large numbers of 
eosinophils indicated an allergic conjunctivitis. 
These cytological patterns have been used as the 
basis for a simple, rapid, diagnostic test to 
supplement clinical findings and allow treatment 
to be started before the results of more specific 
tests are available. Cells are collected from the 
anaesthetised conjunctiva by scraping the surface 
with a metal spatula. The collected material is 
spread on a microscope slide and stained with a 
cytological stain such as Giemsa before micro
scopic examination. The results must however be 
interpreted with care as, in all infections, 
polymorphonuclear leucocytes predominate 
during the very eary stages and mononuclear 
cells predominate in chronic infections. The 
presence of polymorphonuclear leucocytes in 
scrapings has also been used as a guide for the 
likelihood of finding chlamydial inclusions in 
scrapings from trachomatous patients.6 

Conjunctival scraping is extremely traumatic. 
To remedy this, we have developed a plastic 
impression spatula to provide a relatively non
traumatic method for collecting inflammatory 
cells from non-anaesthetised eyes.7 The inflam
matory cells collected by these impression 
spatulas correlated closely to those collected by 
scraping, but the numbers of epithelial cells 
collected tended to be fewer. 

Direct Detection Tests 
Chlamydia trachomatis was first detected in 
Giemsa stained conjunctival smears taken from 
the eye of an orang-outang which had been 
experimentally inoculated with material taken 
from the eyes of patients suffering from 
trachoma, and were later seen in conjunctival 
smears from patients with trachoma in Java.8 

Similar inclusions were detected in babies 
suffering from ophthalmia neonatorum and from 
adults suffering from inclusion conjunctivitis or 
punctate keratoconjunctivitis. 9 Prior to the 
advent of more sensitive culture methods, this 
technique was used as a diagnostic test for ocular 
chlamydial infections. In most cases, scrapings 
were only taken from the upper tarsus, but it was 
found that examination of smears from other 
areas of the conjunctiva as well resulted in a 30% 
improvement in sensitivity for chlamydial ocular 
infections in London and a 180% improvement 
for trachoma. 10 

In recent years, more sensitive and specific 
immunochemical stains have been developed and 
direct detection methods have seen a new lease 
of life for diagnosing chlamydial eye infections. 
In a study in London, immunofluorescent 
staining was significantly more sensitive than 
Giemsa stain for detecting chlamydial inclusions 
in conjunctival and genital scrapings. 10 
Immunofluorescent stammg of conjunctival 
smears proved to be almost as sensitive as cell 
culture for the diagnosis of hyperendemic 
trachoma when specimens were collected from 
all areas of the conjunctiva. II In the same study, 
the traditional method of collecting scrapings 
from the upper tarsus alone resulted in a 
significant number of trachoma cases being 
missed. 

Immunoperoxidase staining has been used as 
an alternative to immunofluorescent staining for 
detecting chlamydial inclusions in conjunctival 
scrapings. 12 The sensitivities of the two methods 
were similar for detecting Chlamydia psittaci 
inclusions in smears from infected cats. In the 
immunoperoxidase stained smears, inclusions 
showed less contrast against the background 
compared with immunofluorescent stained 
inclusions, but the immunoperoxidase method 
had the advantage that permanent preparations 
were produced and normal light field micro
scopy could be used for the examination. 

The immunochemical methods described 
above all used polyclonal antisera and depended 
on the detection of intracellular inclusion bodies 
in conjunctival smears. The development of anti
chlamydial monoclonal antibodies13 and their 
use in immunochemical staining now allows 
chlamydial elementary bodies (EBs) to be 
identified reliably in such specimens. 14 The 
reagents for monoclonal antibody based direct 
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immunofluorescence tests are now available 
commercially. The test is extremely rapid and a 
result can be obtained in less than one hour. 
Generally, ten or more EBs are required for a 
positive result but some workers have reported 
positivity on seeing a single EB.15 Most testing 
of this method has been done using genital 
specimens, for which sensitivities ranging 
between 70% and 100% compared to cell culture 
isolation have been reported, depending on the 
source of the specimens and the minimum 
number of EBs required for positivity.15.16 Only 
a few studies have been performed using ocular 
specimens. 17.18.19 These have suggested a similar 
sensitivity to genital specimens, but the numbers 
of patients have been small and more compre
hensive studies are needed. Studies in our 
laboratories have suggested that this method is as 
sensitive as cell culture for specimens from 
patients with moderate to severe conjunctivitis 
(unpublished data). 

The speed and simplicity of the direct 
immunofluorescence test suggests that this test 
could be applied in the clinic to obtain results 
while the patient waits and so appropriate treat
ment could be started immediately. However, 
cross reactions with other bacteria have been 
reported ,20 some workers have reported 
problems with false positivity, especially when a 
low number of EBs are accepted for a positive 
result, and an experienced microscopist is 
required for reliable results.16 This makes the 
test impractical for many clinics and the need to 
send specimens to specialist laboratories cancels 
out the speed advantage compared to other 
methods. 

Immunochemical methods have also been 
developed to detect other viruses in clinical 
specimens. Both immunofluorescence and 
immunoperoxidase staining methods have been 
used to diagnose HSV in corneal scrapings.21.22 
Fluorescein labelled monoclonal antibodies to 
HSV are available commercially and these have 
been used to detect virus infected cells in smears 
from skin vesicles.23 Immunofluorescence has 
also been used to diagnose adenovirus ocular 
infections.24 

A cytospin diagnostic test for chlamydial, 
HSV and adenoviral ocular infections has been 
developed at the Institute of Ophthalmology. 1 In 
this test, a cytocentrifuge is used to deposit cells 
collected from the conjunctiva onto a micro-

scope slide. These cells are then stained with a 
mixture of antibodies conjugated with different 
fluorochromes to detect cells infected with 
chlamydiae or viruses in a single sample. This 
technique has been found to be at least as 
sensitive as cell culture isolation for all three 
infections. 

In recent years, enzyme immuno-assays have 
been developed to detect microbial antigens in 
clinical specimens. These tests use enzyme
labelled antibodies and substrate to produce a 
colour which can be read spectrophoto
metrically. They can therefore be automated and 
are better suited to testing large numbers of 
specimens than those which require microscopy. 
Reagents for the detection of chlamydiae are 
available commercially. Most testing has been 
carried out on genital specimens, for which the 
sensitivity is similar to direct immunofluore
scence,25 but preliminary results on ocular 
specimens from patients with moderate to severe 
conjunctivitis suggest that the sensitivity is 
similar to cell culture isolation26 and to direct 
immunofluorescence (unpublished observation). 
However, false positive results have been 
encountered in some specimens and extensive 
testing is therefore needed before enzyme 
immuno-assays can be reliably used for diag
nosis. They are probably best employed at 
present in laboratories which are able to confirm 
positive results by another test. 

1mmuno-assays for the diagnosis of adenovirus 
and HSV infection have been developed27.28 but 
have yet to be applied satisfactorily to ocular 
specimens. 

Isolation Tests 
Chlamydia trachoma tis was first isolated in 1957 
by T'ang and colleagues who inoculated con
junctival material from a patient with trachoma 
into the yolk sacs of 6 to 8 day embryonate 
eggs.29 This was later confirmed by Collier and 
Sowa.30 In 1959 Jones and colleagues reported 
the isolation in eggs of chlamydiae from the eyes 
of a baby with ophthalmia neonatorum and from 
the cervix of the mother of a baby with 
ophthalmia neonatorum at Moorfields Eye 
HospitaJ.31 This culture method was 
subsequently used as a diagnostic test but several 
blind passages were often needed to obtain an 
isolation. The long time needed to obtain results, 
the high costs, and the risk of cross infection of 
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eggs32 limited the usefulness of this method for 
diagnostic purposes. 

Early attempts to establish C. trachomatis 

infections in cell cultures were generally less 
sensitive than eggs and could often only be 
achieved after the isolate had been passaged 
several times through eggs.33 The first practical 
cell culture diagnostic technique for chlamydial 
infections was achieved by the centrifuge 
assisted inoculation of irradiated McCoy 
cells.34.35 This technique was shown to be three 
to four times more sensitive than yolk sac 
isolation for primary isolation of chlamydiae. 36 
The technique initially required up to three 
passages to establish a diagnosis but this was 
later simplified to require only one passage by 
using a higher temperature during centrifugation 
(3S-38°C), a higher centrifugal force (2,700g), 
improved transportation to the laboratory in 
liquid nitrogen, and the inclusion of 3 % fetal 
bovine serum in the transport medium.37.38 The 
sensitivity was further improved by using con
junctival swabbing to collect infected material 
from the conjunctiva instead of scraping as had 
been used previously.39 Using these techniques, 
an isolation rate as high as 79 % was achieved 
from ocular specimens. 38 Increasing the 
centrifugal forces to IS,OOOg significantly 
increased the number of inclusions and also the 
rate of positivity for clinical specimens with a 
low titre of infectivity. 40 

The routine use of irradiated McCoy cells for 
diagnosis depended on the ready availability of a 
convenient source of ionising irradiation. To 
overcome this shortcoming, various other 
methods for treating cell cultures to increase 

Table I Types of cells and treatmenlS used for the 
diagnostic isolation of Chlamydia trachomatis 

Cell type 

McCoy 
HeLa 229 
McCoy 
McCoy 
BHK-2189 

McCoy 
McCoy 
McCoy 
Green monkey kidney 

(BGM) 
McCoy 

Treatment 

Irradiation34.35 
diethy lami noethy l-dextran85.86 
5-iodo-2' -deoxyuridine87 
cytochalasin B88 

cycloheximide90 
cortisol91 

emetine92 

cycloheximide93 

Mitomycin-C42 

their susceptibility to chlamydial infection have 
been developed (Table I). These methods have 
made chlamydial isolation practical for labora
tories that do not have a radiation source. Studies 
which have compared the sensitivities of these 
various methods have failed to show a major 
advantage of one method compared to the 
others.41 In our laboratory we have recently 
developed a method of pre-treating McCoy cells 
with mitomycin-C to produce large cells similar 
in appearance and sensitivity to irradiated 
McCoy cells.42 The inclusions produced are 
larger and easier to detect than those produced in 
cycloheximide treated McCoy cells. The 
mitomycin-C treated cell mono layers remained 
stable and could be used for up to six days after 
preparation, making it possible to prepare cells 
once each week to use for the rest of the week. 

Various staining methods have been used to 
visualise chlamydial inclusions in infected cell 
cultures. 41 Both Giemsa and iodine staining 
have been commonly used to detect C. 

trachomatis inclusions in infected cell cultures. 
Iodine stains the glycogen matrix of the C. 

trachomatis inclusion, but this is only detectable 
in mature inclusions. Giemsa stains the 
chlamydial elementary and reticulate bodies in 
the inclusion and, when examined by dark field 
microscopy, mature inclusions "autofluoresce" a 
bright yellow-green colour. However, C. psittaci 

inclusions do not "autofluoresce" when stained 
by this method, and do not stain with iodine as 
they lack glycogen. To overcome this problem, 
we have developed a rapid stain using methyl 
green and neutral red dyes which is highly 
sensitive for C. psittaci inclusions and can also 
detect C. trachomatis inclusions.43 

Immunochernical staining methods have also 
been widely adopted for staining chlamydial 
inclusions in cell cultures. Immunofluorescence 
and immunoperoxidase staining were found to be 
as sensitive as Giemsa staining for C. tracho

matis inclusions and far superior to Giemsa for 
C. psittaci inclusions. 12 Immunochemical stain
ing has the additional advantage that inclusions 
can be detected as early as 18 hours after 
inoculation, thereby reducing the time needed to 
perform the test. 1 2,44 

Isolation techniques for adenovirus and HSV 
have been developed alongside those for 
chlamydiae. The standard cell culture test 
depended for a positive result on the develop-
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ment of cytopathic effects during the three to 
four weeks after inoculation. Using this tech
nique. human embryo kidney cells were found to 
be more sensitive than HeLa cells or W138 cells 
for the primary isolation of adenovirus from the 
eye.45 Isolation was found to be more sensitive 
than diagnosis by a four-fold rise in antibody 
titre determined by a complement fixation 
test. 46 The highest Isolation rate was 66 % for 
specimens collected during the first week. 
falling to 25 % during the second week and 12 % 
during the third and fourth weeks after the onset 
of disease. 

Rapid culture tests for the diagnosis of both 
adenovirus and HSV eye infections have been 
developed in our laboratories.47.48 In both of 
these tests, clinical specimens were inoculated 
onto HEp2 cell mono layers growing on glass 
coverslips m flat bottomed tubes. After 48 hours 
the cells were fixed and stained by immuno
tluorescence using specific antisera to detect 
virus infected cells. High speed centrifugation 
(l5,000g at 35°C for I hour) significantly 
increased the isolation rate of HSV49 but had no 
effect on the isolation of adenovirusY The 
sensitivity of the rapId culture tests for 
adenovirus was similar to the conventional test, 
while the HSV rapId culture test was 21 % more 
sensitive than the conventional test. Rapid tests 
for these two viruses can now be performed at 
the same time on a single cell culture monolayer. 
The infected cells are stained by a double 
immunofluorescence staining technique in which 
both fluorescein and rhodamine labelled anti
bodies are used. 50 

Serological Tests 
Staff of the Institute of Ophthalmology have been 
extensively involved in the development of 
practical and reliable serodiagnostic tests for 
ocular infections, particularly chlamydial 
infections. 

The first such test for chlamydiae was the 
complement fixation test using an antigen 
prepared by boiling yolk-sac cultured organisms. 
This had been used with some success for the 
serodiagnosis of systemic chlamydial infections 
such as psittacosis and lymphogranuloma 
venereum51 but its sensitivity was too low for 
the test to be useful for localised infections, such 
as eye and genital tract infections.52,53 In 
addition the complement fixation test only 

detected antibody to the chlamydial group 
antigens and it was therefore unable to 
distinguish between the different chlamydial 
serotypes.54 

In 1970, an indirect micro-immuno-
fluorescence typIng test was described.5s This 
has since been used to differentiate the various 
serotypes of C. lrachomatls.56.57.58 These sero
types have been divided mto three major 
epidemiological and/or clinical groupings. 59 
Serotypes A to C are mainly associated with 
trachoma of eye to eye transmission, while types 
D to K are generally associated with genital to 
genital and secondary eye infections. Three 
serotypes (LL L2 and L3) are generally 
associated with lymphogranuloma venereum. 

The micro-immunofluorescence technique has 
been adapted to provide the basis of a sero
diagnostic test for chlamydia-specific antibody 
in patients.6o Dilutions of patients' sera are 
tested in indirect immunofluorescent staInIng of 
dots of chlamydial antigens placed on a micro
scope slide. The test is more sensitive than the 
complement tixation test and the use of all 
serotypes of C. trachomatis in the test allows the 
detection of type specific antibody in serum. 
Sera from patients with trachoma could be easily 
distinguished from those with ocular or genital 
mfections in London and the USA.60 Sera from 
patients with LOV tended to have higher titres 
but were generally more cross-reactive with 
other chlamydiae. To facilitate these tests, 
technIques have been developed using cellulose 
sponges for the collection of blood by finger 
prick and tor the collection of tears.61 

The preparation of antigens and testing of sera 
against all 15 serotypes of C. trachomatis is time 
consuming and laborious. The test has therefore 
been further refined by using three pools of 
antigen serotypes representing the three major 
epidemiological and/or clinical groups of C. 

trachomatis. A fourth pool representing some of 
the more commonly encountered C. psittaci 
infections was also included in the test.62 By 
this method, antibodies could be detected in the 
sera of infected patients and thus an indication as 
to the clinical and epidemiological type of 
chlamydial infection obtained. There was a slight 
loss in sensitivity when compared to individual 
antigens but this was more than compensated for 
by the reduction in cost and the large increase in 
the number of sera which could be examined. 
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Single antigen immunofluorescence tests have 
been developed for the serodiagnosis of chlamy
dial infections.63.64.65 Radioimmunoassays and 
enzyme linked immuno-assays have also been 
developed.66.67.68 These are of similar sensitivity 
to the micro-immunotluorescence test and can 
be automated. However, all of these tests which 
use a single antigen detect group specific anti
bodies. Thus they are not able to distingUIsh 
intections caused by C. trachomatis A to C 
(trachoma), D to K (genital infection), LGY, C. 

psittaci, or the recently described TWAR group 
of chlamydiae.69.7o This is especially important 
considering the high prevalence of antibodies to 
the TWAR chlamydiae, which primarily cause 
respiratory infections. In London, antibodies to 
Chlamydia IOL-207, which is serologically 
identical to the TWAR chlamydiae, were 
detected in 14 % of women and 24 % of men 
blood donors. 'I The prevalence of antibodies to 
C. [OL-207 in un selected patients attending an 
eye clinic in the United Kingdom has increased 
from about 12 % in 1979 to about 28 % in 
1984.72 These antibodies showed a significant 
degree of cross-reactivity with C. trachomatis 
and it is likely that many of these sera would 
have given positive results in tests using a single 
C. trachomatis antigen.71.72 In a comparative 
study using sera from blood donors and men 
with urethritis, antibodies could be detected in 
70 % using the micro-immunofluorescence test 
and in 76 % using a single antigen inclusion 
immunofluorescence test. However, in almost 
half of the sero-positive specimens the anti
bodies were specific to C. IOL-207,73 indicating 
that reliance on genus-specific serology tests 
would lead to false diagnosis and a considerable 
over-estimation of the prevalence of C. tracho
matis infections. 

The problems of the cross-reactivity of sera, 
together with the persistence of circulating 
antibodies from previous infections makes inter
pretation of results from a single serological test 
difficult. If a second serum sample can be 
collected and seroconversion or a four-fold rise 
in titre demonstrated, then a firm diagnosis can 
be made, but this can rarely be achieved. To try 
to obtain a valid result from a single serological 
specimen, the occurrence of the various classes 
of antibodies in both blood and tears has been 
investigated. These include IgG and IgM anti
bodies in blood and IgG and IgA antibodies in 

tears. The results indicate that a low titre of IgG 
antichlamydial antibodies in the blood is likely 
to be derived from a previous infection. Higher 
titres however are more likely to be associated 
with a current infection. In a study in London, 
over 80 % of patients who had type-specific anti
chlamydial IgG at a level of 1:32 or higher had 
active ocular inkction.61 In hyperendemic 
trachoma areas, the geometric mean titre of 
serum antibody in culture positive patients was 
generally between 1:64 and 1: 128. Similar titres 
were also seen in patients with trachoma from 
whom C. trachomatis could not be isolated.74 
The presence of high levels of IgG antibodies in 
the blood can therefore be regarded as a guide to 
the diagnosis. 

IgM antibodies are generally produced only in 
the early stages of a disease and their presence 
indicates an active or recent infection. The 
presence of antichlamydial IgM antibodies 
therefore correlates highly with active disease. 
In one study, 88 % of patients with IgM had 
active chlamydial ophthalmia. Thirty three 
percent of those with chlamydial ophthalmia had 
IgM antibodies.61 However, IgM is rarely found 
in hyperendemic trachoma because most patients 
may have a chronic intection or have been 
exposed repeatedly to C. trachomatis 
intection.74 

It has been suggested recently that specific 
antichlamydial IgA antibodies in the serum 
could possibly be used as markers of active 
chlamydial intections.75 Raised titres of these 
antibodies correlated well with chlamydial 
isolation from patients with non-gonococcal 
urethritis and were found in significantly more 
cases with epididymitis and salpingitis than in 
control groups. 

The presence of specific antichlamydial IgG 
and IgA in tears has been tound to correlate 
closely to active disease. Thus, 96 % of patients 
with tear IgG antibodies and 100 % of those with 
tear IgA antibodies had active paratrachoma.61 
Antichlamydial IgG has been found in the tear 
fluids of 95 % and IgA antibody in 65 % of 
patients with ocular paratrachoma from whom 
the organism was isolated. 74 Similar results 
were obtained from schoolchildren with 
trachoma in southern Tunisia. Tear antibodies 
were present in 75 % of isolation positive patients 
but only in 20 % of those which were isolation 
negative. Seventy percent of those with severe 
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trachoma had tear antibodies compared to only 
31 % of those with moderate disease and 17 % of 
those with mild disease.76 

A combination of blood and tear serology can 
provide a valid provisional diagnosis in about 
90 % of patients with chlamydial ocular infec
tions.61 Conversely, the absence of antibodies 
from serum and local discharges may indicate 
that chlamydiae are unlikely to be the pathogens 
involved in a particular infection. 

Following on from experience with the micro
immunofluorescence test for chlamydial anti
bodies, an indirect micro-immunofluorescence 
test has been developed for detecting type
specific antibodies to HSV. 77 This test used 
purified virus particles spotted onto a micro
scope slide in a similar manner to the chlamydial 
antibody test. Both HSV-I and HSV-2 antigens 
were used and the test could differentiate 
antibodies to these two serotypes. In HSV-I 
infections, the antibody titre against HSV-I was 
four-fold or more higher than against HSV-2. 
However, in HSV-2 infections, the titres to both 
serotypes were equal or differed by up to two
fold only. The test was also able to identify anti
HSV IgG, IgM and IgA classes of antibody. 

As with chlamydial antibodies, seroconversion 
or a four-fold rise in antibody titre can provide 
a definitive diagnosis for HSV ocular infections, 
but many patients have antibodies to HSV due to 
infections at other sites and many others may be 
experiencing recurrence of the disease. IgM 
antibodies may be found following the first 
infection with the virus but not during recur
rences. [n a study of HSV-isolation positive 
patients at Moorfields Eye Hospital, nine out of 
29 patients (31 %) had no antibodies while the 
other 20 had IgG antibodies in blood. None had 
IgM antibodies either alone or with IgG anti
bodies against HSV-l. 7R Serological studies of 
28 patients with typical dendritic corneal 
ulceration showed that SIX patients (21 %) sero
converted, and were therefore presumably 
experiencing their first exposure, while another 
patient had a four-told rise in blood IgG.79 

It has been suggested that secretory IgA in 
tears may be a good indicator of HSV ocular 
infection since it was found in significantly more 
patients with HSV eye infections than in control 
patients and was locally produced. In contrast, 
IgG and IgA antibodies were found in tears from 
patients with HSV eye infections and from other 

patients with inflamed eyes and were never 
present at higher levels than in sera and were 
probably transudated from the blood into tears in 
inflamed eyes.80.81 

An immunofluorescence test for the sero
diagnosis of herpes zoster ophthalmicus (HZO) 
has also been developed.82 The antigen used in 
this test was provided by varicella-zoster virus
infected cells grown on microscope slides. IgG 
antibodies at a titre of 1:256 or higher were 
detected in 80 % of 134 sera from patients with 
a clinical diagnosis of HZO, and IgM antibodies 
were present in six of them at a titre of I: 8. Only 
I % of patients in a control group had similar IgG 
titres. Cross-reactions with HSV antibodies were 
noticed but at such low titres that they did not 
interfere with the detection of antibodies to 
varicella-zoster virus. 

Future Developments 
The ideal diagnostic test has not yet been 
developed for ocular infections. No single test 
can be relied on to give a certain diagnosis in all 
cases. It is therefore necessary for the ophthal
mologist to correlate the results of a diagnostic 
test together with the clinical picture to deter
mine the cause of the disease and hence the 
correct method of treatment. 

The presently available chlamydial direct 
detection tests are quick, easy to perform and 
can detect non-viable organisms. However, their 
sensitivity tends to be lower than isolation tests 
and there is a danger of false positive results. 
Since these tests detect killed and living 
organisms and antigens derived from the 
organisms, they are probably less suitable than 
culture tests for monitoring the effect of treat
ment, as antigens may persist after the organisms 
have been killed. The need in most cases to send 
specimens for these tests to specialist labora
tories means that results are not available any 
quicker than with other tests. They may perform 
well in high risk populations but lack the 
specificity required for reliable use in low risk 
populations. 83 

Other types of direct detection test are being 
developed. For example, preliminary studies 
have indicated that DNA hybridisation may be 
used to detect chlamydiae in clinical material but 
the sensitivity of this method is rather low at 
present. 84 There is clearly a need for tests 
which are simple and reliable enough to be 
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performed in the clinic while the patient waits, 
and this must be the ultimate aim in the develop
ment of direct detection tests. 

Culture tests typically take several days to 
perform and require viable organisms but the 
result is generally unequivocal. They therefore 
have a high specificity and are still widely 
regarded as the diagnostic method of choice for 
chlamydial infections.83 However, the sensitivity 
of culture tests depend on the quality of the 
specimens and the method of transportation and 
storage to preserve viability. It is likely that 
culture tests can be further improved to increase 
their sensitivity, reliability and speed, but there 
will inevitably be cases where they fail to give a 
positive result while other tests can detect dead 
organisms or extracellular antigens. This is, 
however, likely to be an advantage if these tests 
are used to monitor treatment of a disease. 

Serological tests on a single specimen can in 
most cases only provide a provisional diagnosis 
or exclude a possible diagnosis, although the 
presence of certain types of antibodies in tear 
secretions correlate well with the clinical 
severity of disease. Further investigations of the 
most appropriate antigens to use and of the 
immunoglobulin types present during the 
disease may however lead to improvements in the 
diagnostic value of serological tests. 
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