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and replaced with prewarmed freshMM and the
flasks were further incubated at 350C. Between
50 and 75% of the cytopathic effect was usually
observed within 24 to 48 hours after infection.
The monolayers were then washed twice with
phosphate buffered saline at pH 7-3 (PBS).
Next, the cells were scraped into PBS,
centrifuged at 300 g for 10 minutes at room
temperature, and the pellet was finally suspended
in fresh PBS to give a turbid preparation.
Controls were prepared in a similar way but from
uninfected cells.
The cell suspension was then dotted on glass

slides with mapping pens (Joseph Gillott Co. pen
no. 659). Five antigen dots consisting of (i)
uninfected BK cells (as negative control); (2) BK
cells infected with 23356/71; (3)BK cells infected
with EH91/71; (4) uninfected HEp-2 cells
(negative control); and (5) HEp-2 cells infected
with Ad-4, were prepared in a cluster; Each slide
contained eight clusters. The slides were dried
and fixed in acetone for 10 minutes at room
temperature and stored at -20'C until used.

Dilutions of test serum (1:20 to 1:640) were
each applied on one cluster, and the slides were
incubated in a humid chamber at 350C for 30
minutes. The slides were then washed in PBS at
pH 7*3 for 15-20 minutes, and fluorescein
isothiocyanate (FITC) labelled goat antihuman
IgG serum was applied as a second antibody layer
and incubated as above. They were then washed
in PBS for 10 minutes and for a further five
minutes in deionised water. After being dried
they were mounted in buffered glycerol. Each
dot ofantigenwas examined with a Zeiss standard
18 UV microscope fitted with a filter set 10 under
400 times magnification for the presence of
brightly fluorescing particulated inclusions in
the cytoplasm of infected cells. The titre of the
serum was defined as the reciprocal of the test
dilution which gave 25-50% fluorescence. A nega-
tive and a positive control serum were always in-
cluded to ensure specificity of the slide antigen.

Results

BOARDING SCHOOL
AHC was detected in 99 students ranging in age
from 8 to 19 years. The cases were detected from
at least seven different dormitories, most being
from one dormitory. All the dormitories were
overcrowded and short of water. It was found
that the students were commonly using each
others' towels, handkerchiefs, and cosmetics.
AHC was bilateral in 78 cases (79%). The visual
acuity was 6/6 in 125 eyes. The symptoms and
signs of AHC in these students are presented in
Tables 1 and 2.

Ophthalmic clinic. About 1000 cases of AHC
presented at the clinic between July and October
1985. Two hundred consecutive cases (one in
every five examined) were selected and examined
in detail.
Age and sex. The ages of patients varied from 9

to 75 years, mean 26-4 years. Altogether there
were 89 females (44 5%) and 111 males (55 5%).

Ethnicicity. 38 5% of the cases were Hausas,
which forms the main ethnic group in the clinic's
catchment area. Yorubas accounted for 16% and

TABLE I Symptoms at first examination in 177 infected eyes
of99 students

Symptom Number(%)

Pain 127 (72)
Itching 31(17)
Lacrimation 23 (13)
Foreign body sensation 23 (13)
Redness 22 (12)
Discharge 5 (3)
Reduced visual acuity 4 (2)
Swelling 2 (1)
Headache 1 (0 5)

TABLE II Signs atfirst examination in 177 infected eyes of99
students

Sign Number (%)

Hyperaemia 177 (100)
Papillary hypertrophy 96 (54)
Subconjunctival haemorrhage 81(46)
Watery discharge 154 (87)
Mucopurulent discharge 23 (13)
Gross lid oedema 7 (4)

TABLE III Occupational groupings in 200 AHC clinical
cases

Occupation Number (%)

Students 51(25 5)
Industrial workers 49 (24-5)
Housewives 41 (20 5)
Office workers 34 (17)
Military/paramilitary 8 (4)
Children 8 (4)
Others 6 (3)
Unstated 3(1 5)

TABLE IV Previous medication before consultation in 200
AHC clinical cases

Medication Number(%)

Nil 108 (54-0)
Antibiotic drops 35 (17-5)
Unspecified drops 13 (6-5)
Does not know 10 (5 0)
Steroid containing drops 7 (3 5)
Sugarwater 6(3-0)
Mentholatum 2 (1-0)
Hot fomentation 1 (0 5)
Ice blocks 1 (0 5)
Irrigation 1 (05)
Local gin 1(0 5)
Atropine 1 (0)5)
Yeast tablets 1 (0 5)
Unstated 13 (6-5)

TABLE V Main symptoms in 200 AHC clinical cases

Complaint Number(%)

Discharge 195 (97-5)
Foreign body sensation 182 (91-0)
Pain 170 (85 0)
Blurred vision 84 (42 0)

Nupes for 5-5%. There were nine Ibos (4-5%)
and nine Idomas (4-5%). The others belonged to
minority groups.

Occupation. Distribution ofAHC in relation to
occupation is shown in Table 3. Although the
Nigerian population is predominantly agrarian,
only one farmer was seen with AHC. Five
patients belonged to the executive/managerial
group, suggesting that the disease was mainly
confined to workers with low income.

Previous treatment. Ninety-two (46%) of the
two hundred patients had received topical
medication prior to consultation. The drugs
were obtained mainly from chemists, dispen-
saries, and shops without prescription. The
types of medication used are shown in Table 4.
One patient had applied a mixture of locally
brewed gin, 'ogogoro', and sugar water, ending
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up with severe corneal melting and corneal
vascularisation.
Previous conjunctivitis. In 136 (68%) of the

patients a previous history of severe conjunc-
tivitis was reported.

Incubation period. The incubation period
varied widely, but about 55% of cases had
contracted the disease within one week of
exposure.

Laterality. One hundred and forty patients
(70%) attended the clinic by the second day of
the onset of conjunctivitis. The condition was
bilateral in 154 (77%) cases and unilateral in 46
(23%) cases. In 132 (86%) of the bilateral cases
the second eye developed infection within 24
hours of the first eye. For the rest it varied from
two to seven days.
Symptoms. The main symptoms are shown in

Table 5.
Signs. The main clinical signs are shown in

Table 6. Of 354 infected eyes 250 (70 6%) had a
visual acuity of 6/9 or better. In 23 patients the
vision was less than 6/60. The causes of visual
defects in these patients are shown in Table 7.
Moderate to severe hyperaemia and papillary
responses were present in the palpebral conjunc-
tiva of all patients, and 234 (66%) had subcon-
junctival haemorrhages.

In 189 (53 4%) of the affected eyes the corneal
involvement was usually in the form ofsuperficial
punctate keratitis, and in 20 (5 7%) coalescent
corneal erosions were present. Anterior chamber
flare was found in association with AHC in five
cases. The flare resolved following improvement
in the conjunctivitis. Complications due to
secondary bacteria was not noted.

Treatment. Most of the patients were treated
with sulphacetamide 10% eye drops four times a
day and terramycin eye ointment at night. This
was aimed at preventing secondary bacterial
infection. Treatement was usually as an out-
patient, but patients who had corneal lesions due
to noxious topical self-medication were admitted
to the hospital.

Follow-up. Only 69 patients came back after
the first visit. Ofthe 40 patients seen on the third
day only one was totally cured. Thirty-seven
patients were seen after one week, of whom 12
(32%) were cured. Eleven still had SPK, six had
haemorrhages, and four complained of foreign
body sensations. Thirteen patients were seen
during the second week, of whom eight (61%)
were cured. One patient still had SPK, one
complained of itching, and one of lacrimation.
The others had minor symptoms. Only four
patients came back for the third week follow-up.
All were virtually cured except for one who had
residual follicles.

SEROLOGY
Paired sera were collected from 15 patients.
Twenty single serum samples were also collected
during the visit.
The antibody levels to EV-70 and adenovirus

in the 35 sera collected at the first visit ranged
from <1:20 (no antibody) to 1:160 (Table 8). It
was interesting to note that sera which had a titre
greater than 1:40 to EV-70 had a titre of< 1:20 to
adenovirus and vice versa. There was no

TABLE VI Clinical signs in 354 affected eyes of200 patients

Signs Number (%)

Bulbar Hyperaemia 335 (94-6)
Discharge 291 (82-2)
- Watery 159 (44 9)
- Watery + mucopurulent 180 (50 8)
- Mucopurulent 84 (23-7)

Subconjunctival haemorrhage 234 (66-1)
-Generalised 127 (35*9)
- Superior fornix 104 (29 4)
-Nasal 2(0-57)
- Temporal 1(0-28)

Superficial punctate keratitis 189 (53-4)
Gross chemosis 56 (15-8)
Preauricular lymphadenopathy 24 (6 8)
Gross lid oedema 19 (5*4)
Coalescent corneal erosions 20 (5 7)
Anterior chamber flare 5 (1-4)

TABLE VII Causes ofvisual defects in 23 patients with AHC

Findings Frequency

Pre existent corneal opacities 8
Adherent leucoma 4
Pterygia 4
Cataracts 3
Disc pallor 2
Phthisis bulbi 1
Aphakia 1

TABLE VIII Detection of antibody titres to Ad4 and
enterovirus type-70 (23356171 and EH91171) in 35 serum
samples collected during the first visit

Reciprocal No. ofpatients

Antibody tire Ad-I 23356/71 EH91/71

<20 15 11 12
20 7 10 10
40 7 8 9
80 4 4 3
160 2 2 2

Total 35 35 35

TABLE IX Detection in rise of antibody titres to adenovirus
type 4 (Ad4) and enterovirus type 70 (i) EV-70123356171;
(ii) EV-701EH91171) in 15 paired serum samples

No. ofserum pairs

Rise inAb tire Ad- 23356/71 EH91/71

None 14 9 9
2-fold 1 4 4
4-fold 0 2 2

Total 15 15 15

significant difference between the antibody
response to the London or the Singapore isolate
of EV-70 in 15 paired serum samples (Table 9).
Two pairs of sera showed a 4-fold rise from
<1:20 to 1:40, whereas four pairs of sera showed
a 2-fold rise in titre to EV-70. The rest of the
pairs showed no rise in antibody titres. Only one
pair of serum samples had a 2-fold rise in
antibody levels to adenovirus.
A 4-fold or greater rise in antibody titre or a

static titre greater than 1:40 to EV-70 was
considered to indicate a recent infection. Hence
the two pairs of sera which had a 4-fold rise in
titre to EV-70 and the six sera which had a titre
greater than 1:40 to London isolate were regarded
as positive. The four sera which had a titre
greater than 1:40 to Singapore isolate of EV-70
had the same levels of antibodies to the London
isolate of EV-70. All the sera were put through
the test system a second time to confirm the
results obtained initially.
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Discussion
The sequence of events during the epidemic of
AHC in Northern Nigeria in 1985 indicates that
the epidemic may have started in the girl's
boarding school in Kaduna and from there
spread rapidly to the urban population. By early
1986, the epidemic had extended to Southern
Nigeria. At the school, AHC spread rapidly
owing to over-crowding of the dormitories,
inadequate sanitation, shortage ofwater, and the
unhygienic habits of the students. Following the
first examination and at the height ofthe epidemic
the students were sent home because it was the
end of the school term. The release of infected
students into the community was probably
responsible for the community outbreak ofAHC.

Students, industrial workers, housewives, and
office workers formed the main groups of people
who acquired the infection. Only one patient was
from the rural area. The Guinness Ophthalmic
Clinic is the only well established 'public' eye
clinic in Northern Nigeria, and it serves a large
number of villagers with ophthalmic problems,
including conjunctivitis. Hence either the AHC
epidemic was mainly restricted to the urban
population with no sizeable epidemic in the
relevant rural population, or villagers with AHC
did not attend the clinic.
The clinical feature and severity of AHC

observed in our patients were very similar to
those reported elsewhere' except for the
presence of SPK in 56-4% of the cases compared
with 3 9% reported in an earlier episode of
AHC.8 Coalescent corneal erosions were observed
in 5 9% of the total cases. The erosion was
limited and did not affect vision. During the
short period of follow-up in our patients we did
not see any evidence of neurological mani-
festation. Neurological disorders have been
reported during epidemics of AHC, particularly
in Asia.9
The adverse effect of self-medication on the

prognosis ofAHC has been reported previously.'0
About 46% of the patients we saw had been
treated previously. One patient had applied a
mixture of locally brewed gin ogogoro and sugar
water. This resulted in severe corneal melting
and corneal vascularisation.

Serological studies, especially tests for neutra-
lising antibodies, have been used extensively to
investigate the role of EV-70 as the causative
agent of AHC. The tests are particularly useful
where facilities for isolation of EV-70 do not
exist. This was experienced during an outbreak
ofAHC in 1981 in India" and Zaire.'2

Fifteen paired and 20 single serum samples
were available for serological studies. In our
laboratory we have found a good correlation in
antibody levels to EV-70 in sera by using either a
neutralisation method or an indirect immuno-
fluorescence test (unpublished data). The anti-
body response to the London isolate and the
Singapore isolate of EV-70 was not significantly
different. Only two pairs of sera showed a 4-fold

rise in antibody levels to EV-70, whereas the
titres to EV-70 in the rest of the sera ranged from
1:20 to 1:160. This made it rather difficult for us
to interpret the results. Neutralising antibody
levels of 1:16 or greater to EV-70 in convalescent
sera has been considered to be a critical
diagnositic level. '3 However, neutralising anti-
body titres from 1:16 and 1:64 against EV-70
have also been shown to persist in sera for up to
21 months.2' Hence, there is always a possibility
that the presence of these antibodies may have
been due to a previous exposure to the agent. In
136 (68%) of our patients a previous history of
severe conjunctivitis was reported. We therefore
considered a titre of greater than 1:40 as a good
indicator of recent infection.
The sera were also screened for the presence of

antibody levels to adenovirus. None of the paired
serum samples showed a 4-fold rise in antibody.
Six sera (three paired serum samples) had a static
titre greater than 1:40 to adenovirus. This could
be due to a previous exposure to ocular or
pharyngeal infection with adenovirus. There is
also a possibility that these three patients were
cases of adenovirus ocular infection which were
clinically indistinguishable from that of EV-70.
Many epidemiological and laboratory

problems associated with the study of epidemics
of acute haemorrhagic conjunctivitis still remain
unsolved. Perhaps the development of more
sensitive culture tests for the isolation ofcausative
agents or direct methods for the detection of
virus in clinical specimens, along with comp-
lementary serological tests, will help us to under-
stand epidemics of acute haemorhagic
conjunctivitis.
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