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Clinical and aetiological study of adenoviral
conjunctivitis, with special reference to adenovirus
types 4 and 19 infections
KOKI AOKI,' MICHIO KATO,' HIDEO OHTSUKA,' KEIZO ISHII,2
NAOKI NAKAZONO,2 AND HARUMI SAWADA2

From the 'Eye Hospital, Sapporo City, and the 2Departrment of Public Health,
Hokkaido University School of Medicine, Sapporo, Japan

SUMMARY The clinical and aetiological findings are presented on 343 patients with clinical adeno-
viral conjunctivitis treated between July 1979 and July 1980 at 3 eye clinics in Sapporo. The age of
the patients ranged from 12 days to 79 years, and the monthly incidence of the disease from 9 to 83,
with clustering in the summer season. The aetiological diagnosis was established in 196 (57%) of
343 patients: adenovirus 3 in 24 cases; adenovirus 4 in 33 cases, including one case serologically
diagnosed; adenovirus 8 in 124 cases; and adenovirus 19 in 15 cases. The different serotypes caused
different clinical pictures. Adenovirus 19 conjunctivitis was more severe, with keratitis and pre-
auricular lymphadenopathy more frequent than that of adenovirus 3 conjunctivitis. Adenovirus 4
conjunctivitis was generally similar to adenovirus 3 conjunctivitis. The clinical difference between
the 2 groups adenoviruses 3 and 4, and adenoviruses 8 and 9, was statistically significant. Although
in Japan adenovirus 8 was the most prevalent, adenoviruses 4 and 19 should be considered as
causative agents of adenoviral conjunctivitis.

Adenoviral conjunctivitis is now known to be caused
by many adenovirus serotypes. We have therefore
studied the relationship between the various patho-
genic viruses and their clinical consequences. This
project was started in 1974, and the results have been
reported up to 1978.' During the course of further
study we found several pathogenic viruses, including
adenovirus 4 and 19. No enterovirus (EV) 70 was
detected, though this had been found in a previous
investigation. The present paper describes the results
of an aetiological and clinical study of viral con-
junctivitis from July 1979 to 1980 in Sapporo, Japan,
with emphasis on the infections caused by adeno-
viruses 4 and 19.

Material and methods

SUBJECTS
The subjects were patients who were clinically
suspected of having viral conjunctivitis, associated
with epidemic keratoconjunctivitis (EKC), acute
Correspondence to Dr K. Aoki, Aoki Eye Hospital, 6 Hondori,
Shiroishi-ku, Sapporo 003, Japan.

haemorrhagic conjunctivitis (AHC), or pharyngeal
conjunctival fever (PCF) when they were first
examined at the 3 clinics (K.A., M.K., and H.O.) in
Sapporo. The patients were examined throughout the
year, including times of high clinical incidence. 343
were observed during the period of 13 months from
July 1979, with ages ranging from 12 days to 79 years.
The dates of onset were classified by month (Table 1).
Persons without complete clinical follow-up were
excluded from the detailed analysis.

AETIOLOGY
Virus isolation. Conjunctival swabs were collected at
the first visit and were suspended in a sterile tube
containing transport medium and frozen for storage
until tested. HeLa cells were used for viral isolation
throughout the study, and HEK cells were also used
in the latter half of the study. Both HeLa and HEK
cells were used for viral isolation in all the specimens
obtained in 1980. The appearance of cytopathic
effects (CPE) was always slower in HeLa cells than in
HEK cells, but no difference was noted in isolation
rates in types other than adenovirus 8. The isolation
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Table 1 Number ofpatients with adenoviral conjunctivitis due to specific type of virus and month ofonset

Month Number of Ad3 Ad4 Ad8 Ad 19 AdV Diagnosis
patients infection* unknown

July 1979 9 1 4 4t
Aug. 50 11 11 12 1 1 14t
Sep. 25 4 4 8 2 7
Oct. 23 1 1* 8 3 .10
Nov. 14 4 7 1 2
Dec. 10 3 3 1 3
Jan.1980 19 1 4 5 9
Feb. 9 1 1 1 2 4
Mar. 9 4 1 4
Apr. 9 3 1 1 4
May 27 1 2 11 1 12
June 56 2 2 17 7 28
July 83 2 3 44 5 8 21
Total 343 24 33 124 15 25 122

*Diagnosed by Cf and/or neutralization tests.
tincluded one case with EV 70 serologically diagnosed.
tIncluded one case with CA 9 isolated.

of adenovirus 8 in HeLa cells decreased approxi-
mately 40% in rate in comparison with that in HEK
cells.
The cell culture tubes in which conjunctival swabs

were inoculated were cultivated by rotation at 33°C,
and CPE was looked for daily. The inocula were
cultured for at least 2 passages before the results of
isolation were considered negative, no CPE being
observed. The CPE agents were identified by neutral-
isation tests by microtitre techniques and antisera to
various types of human adenovirus.

Serological tests. Serum was taken at the first visit
and convalescent serum at intervals of 10 days or
more, when possible. The paired sera were collected
in 185 cases (54%). The measurement of adenoviral
antibody in paired sera was simultaneously carried
out by means of the complement fixation test (CF),
with CF antigen prepared with adenovirus 3. In
addition the neutralising antibody to adenovirus 4
was also measured in some paired sera with a 4-fold
increase in the titre of CF antibody in convalescent
serum being considered significant.

Results

TYPES OF ADENOVIRUS IDENTIFIED
Virus isolation was attempted in a total of 343 cases of
viral conjunctivitis during the study period, and 195
strains (57%) of adenovirus were isolated from the
conjunctival swabs. In addition one case with
adenovirus 4 was detected by a 4-fold increase in
neutralisation test (NT) antibody titre and 2 cases

with enteroviruses, EV 70 and Coxsackie virus A9,
were found by virus isolation or serological testing. In
addition 25 cases with adenovirus infection were

diagnosed by the CF tests. In all, infections with

different types of adenovirus were detected in 196
cases (57%): adenovirus 3 in 24 cases, adenovirus 4 in
33 cases, adenovirus 8 in 124 cases, and adenovirus 19
in 15 cases. The results are shown in terms of month
of onset in Table 1.

MONTHLY INCIDENCE
The incidence of adenovirus conjunctivitis ranged
from 9 to 83 cases with a clustering in the summer
season. Although adenovirus 8 was isolated in every
month, types other than adenovirus 8 were isolated
only in certain months during the study period.
Adenoviruses 3 and 4 tended to prevail in 1979, and
adenovirus 19 in 1980, but in a particular month or in
a particular clinic no one type was solely isolated.
Adenovirus 4 was first isolated in our current study,
whereas one strain, adenovirus 19, had previously
been detected in 1978.'

AGE DISTRIBUTION BY VIRAL TYPES
The age distribution and the types of isolates from the
patients is shown in Table 2, with the 20-39 age group
being the most common. The rate of viral isolation by
age group varied from 41% to 68%, with the 0-9 age
group being the lowest. Adenovirus 19 was not found

Table 2 Age distribution ofpatients with adenoviral
conjunctivitis by serotypes

Age Number Virus type isolated Total (%)
group tested

Ad3 Ad4 Ad8 Ad 19

0-9 39 4 1 9 2 16 (41%)
10-19 37 3 6 11 2 22 (59%)
20-39 155 12 22 52 11 97 (63%)
40-59 64 3 1 27 31(48%)
61- 48 2 3 25 30(68%)

777

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.66.12.776 on 1 D

ecem
ber 1982. D

ow
nloaded from

 

http://bjo.bmj.com/


Koki Aoki, Michio Kato, Hideo Ohtsuka, Keizo Ishii, Naoki Nakazono, and Harumi Sawada

Table 3 Isolation rate ofadenovirusesper day after onset of
symptoms

Day after Number Virus types isolated Total (%)
onset tested

Ad3 Ad4 Ad8 Ad 19

1-4 229 16 22 85 10 133(58%)
5-7 66 3 8 21 2 34 (52%)
8-14 44 2 2 18 3 25 (57%)
15- 10 3 3 (30%)
Total 24 32 124 15

in patients over 40 years of age, although all other
types of adenovirus were more widely dispersed
throughout the age groups, with adenoviruses 3 and 4
tending to be found in the patients under 40 and
adenovirus 8 in the older patients.

FREQUENCY OF VIRUS ISOLATION IN THE

CLINICAL STAGE

One hundred and ninety-five strains (56%) of adeno-
virus were isolated from 349 specimens ofconjunctival
swabs. The isolation rates in terms of days after onset
of symptoms are shown in Table 3. The specimens
were generally first collected at an early stage of
infection, but the isolation rates were 52%-58% up
to the second week after onset of symptoms. There
was no particular virus type which showed a marked
decline in the isolation rate over this 2-week period.
All 3 strains isolated from 10 specimens obtained on
the 15th day or later after onset were adenovirus 3. It
was noteworthy that adenovirus was excreted from
the conjunctiva for a longer period than EV 70, which
was not detected after the fifth day after onset in our
previous study.'

CLINICAL SIGNS AND SYMPTOMS

Conjunctivitis. The association between severity of
conjunctivitis and viral types is presented in Table 4.
The incidence of mild conjunctivitis was highest in
adenovirus 3 infection (45% or 9 out of 20), followed
by adenovirus 4 (29%), while the highest rate of
severe conjunctivitis was observed in adenovirus 8
infection (42% or 49 out of 117), followed by 40% of

Table 4 Severity ofconjunctivitis according to the types of
adenovirus infections

Severity of Ad3* Ad4 Ad8* Ad 19*
conjunctivitis

Numberexaminedt 20 28 117 15
+ 9 8 18 0

++ 9 12 50 9
+++ 2 8 49 6

*p<O001.
tExcludes persons without complete clinical follow-up.

Table 5 Frequency of keratitis and preauricular
lymphadonopathy according to the types ofadenovirus
infections

Signs Ad3 Ad4 Ad8 Ad 19

Keratitis Number 11 11 99 10
examinedt
No lot 8* 39*t 3*t
Yes 1 3 60 7
(%) (9-1) (27 3) (60 6) (70-0)

Preauricular Number 20 32 114 14
lymphadenopathy examinedt

No 16 21 64 5
Yes 4 11 50 9
(%) (20 0) (34 3) (43 9) (64 3)

*p<005.
tp<0 05.
tExcludes persons without complete clinical follow-up.

adenovirus 19 cases. In comparison, the conjunctivitis
of adenovirus 3 was significantly milder than that of
both adenoviruses 8 and 19 (p<O-O0). When the
infections with adenoviruses 3 and 4 were compared
in terms of severity of conjunctivitis with those of
adenoviruses 8 and 19, there was a significant
difference (p<002) between the 2 groups.

Keratitis. The keratitis associated with con-
junctivitis is shown in Table 5. Keratitis caused by
adenoviruses 3 or 4 was significantly less frequent
(9% or 27%) than that caused by adenoviruses 8 or
19. When the incidence of keratitis was calculated by
dividing the patients into 2 groups, adenoviruses 3
and 4 on the one hand and adenoviruses 8 and 19 on
the other, a significant difference (p<0001) was
found between the 2, a trend similar to that observed
in the severity of conjunctivitis.
Preauricular lymphadenopathy. The frequency of
preauricular lymphadenopathy is shown in Table 5,
being only 20-34% in adenoviruses 3 and 4 infections,
but significantly higher at 44-64% in adenoviruses 8
and 19 infections.

Subconjunctival haemorrhage. The lowest in-
cidence was 5% (one patient) in those with adeno-
virus 3 infection, but it was more frequent (13-21%)
in the other viral types.

Extraocular symptoms and signs. Extraocular
symptoms were found most frequently in those with
adenovirus 4 infections (36%) and less frequently
(7-17%) in those with other types of infection. Fever
in adenovirus 4 infection was noted in 9 out of 20
patients, which was significantly higher than the
incidence found in adenoviruses 3 or 8 (2 and 5). Each
serotype of adenovirus caused a few cases of upper
respiratory illness, such as pharyngitis or the common
cold, and there were also a few cases of diaarrhoea-
surprisingly few in adenovirus 3 conjunctivitis.
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Subjective symptoms. Symptoms were found in
patients regardless of the type of adenovirus causing
their symptoms. Congestion and eye discharge were
observed in most cases, with lacrimation in some,
while lid swelling was most frequently complained of
in adenoviruses 8 and 4 infections. Foreign body
sensation was complained of in cases of adenovirus 8
and a few with adenoviruses 4 or 19, and eye pain and
blurring of vision were found in one case with
adenovirus 8 infection.

Discussion

A collaborative study of viral conjunctivitis has been
continued in Sapporo, northern Japan, since 1974.
This is the second report in which the subject of the
study was extended to adenoviruses as well as entero
viruses such as EV 70, since outbreaks of con-
junctivitis due to adenovirus 19 have been reported in
Europe and America.25 In this study from 1979 to
July 1980 viral isolates were obtained from 195 out of
343 patients with clinically diagnosed adenovirus
infection, comprising 24 cases of adenovirus 3, 32
with adenovirus 4, 124 with adenovirus 8, and 15 with
adenovirus 19. We have previously reported a single
case with adenovirus 19' but never a case of
adenovirus4-induced conjunctivitis. The study has
shown that the severity of conjunctivitis and the
incidence of keratitis and lymphadenopathy is less in
those infections caused by adenoviruses 3 or 4 than in
those cases caused by adenoviruses 8 or 19. In general
the incidence of subconjunctival haemorrhage was
less in all types of adenovirus infection of this study
than in the previous one of EV 70. In addition no
subconjunctival ecchymoses were found in these
cases of adenovirus conjunctivitis, though it is
commoner in EV 70 conjunctivitis. The low incidence
of extraocular signs with adenovirus 3 conjunctivitis
may be based on the fact that patients with typical
pharyngeal conjunctival fever attended a paediatric
clinic.

Conjunctivitis or keratoconjunctivitis due to
adenovirus 19 has been detected in several European
countries2" and in parts of America34 during the first
half of the 1970s. Then ocular infections with
adenovirus 19 were continually reported from
Europe' and the United States""'2 and more
recently from Australia.'3 In more recent years this
virus type has been widespread about the world.
Wadell and de Jong'4 have reported that the isolates
of adenovirus 19 in Europe in 1973 were hetero-
geneous for the prototype strain of adenovirus 19
when studied by means of restriction enzyme analysis.
It has also been reported that some strains of current
isolates from ocular infections were not adenovirus 19
itself but intermediate types between 19 and 10, when

serological tests were used.89 Although the reasons
for the worldwide spread of adenovirus 19 in recent
years are unknown, it may be caused by molecular or
serological differences of the current strain from the
classical prototype strains.

It is generally recognised that adenovirus 19
infection is associated with epidemic keratocon-
junctivitis (EKC)4 and occasionally with acute
haemorrhagic conjunctivitis (AHC).3 In this study
the clinical manifestations of adenovirus 19 infection
were similar to those of adenovirus 8 infection. A
clinical AHC-like illness from adenovirus 19 has been
reported by us' and by Higuchi et al., 's though there
has been no PCF-like illness with adenovirus 19 in
Japan. A variety of clinical symptoms of adenovirus
19 infection were found in a hospital outbreak,'6 and
this infection has been notable for its spread among
younger age groups, usually between 11 and 40 years
of age, which is in agreement with the findings of
Vastine et al. 2
For a long time adenovirus 4 has been a well-

documented cause of acute respiratory illness with
fever, though it has been reported in Taiwan'7 that
this virus may cause only conjunctivitis. In Melbourne
from 1969 to 1971 the virus was detected more
frequently in patients with upper respiratory tract
illnesses than in those with simply conjunctivitis or
PCF.'8 Recently, however, reports on adenovirus 4
ocular disease have increased in both Europe and
America, namely, AHC in Rome,'9 conjunctivitis in
Bristol20 and in Chicago,2' and PCF from a
swimming-pool source in the United States.22 In this
study adenovirus 4 was detected in 33 cases in most
months of the study period. The nation-wide dis-
semination of adenovirus 4 was suggested because of
outbreaks of acute respiratory disease or pharyngeal
conjunctival fever due to adenovirus infection in
children, occurring in various parts of Japan in 1979
and 1980. In this study adenovirus4-induced con-
junctivitis was found throughout all age groups, and
the wide age distribution reflects the finding that the
NT antibody to adenovirus 4 was in only 23% of adult
sera by serosurvey conducted just before the out-
breaks (Wanabe M, Yamada F, unpublished). In this
we found the clinical manifestations of adenovirus
4 infection to be similar to those of adenovirus 3
infection, though patients with adenovirus 4 were
more frequently febrile than those with adenovirus 3.

Since both adenoviruses 4 and 19 were detected
from conjunctival swabs, and as they have also been
found as causative agents in Europe and the United
States, we suggest that the aetiological pattern of viral
conjunctivitis in Japan is similar to that ofEurope and
the United States, except that EV 70 has only quite
recently been introduced for the first time into the
United States.23
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