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Abstract l Background: Although
enterovirus 70 (EV70) has been
identified as the major aetiological
agent of acute haemorrhagic con-
junctivities (ACH),no EV70 strain
has been isolated by cell culture
method since 1988. Therefore, recent
clinical and epidemiological charac-
teristics of AHC caused by EV70
have not been clarified.
l Methods: Clinical and serological
studies were carried out on patients
during the AHC epidemic in Okina-
wa, Japan, in 1994 in which 7509
cases were reported by national epi-
demiological surveillance. EV70 was
confirmed as the causative agent by
reverse-transcription polymerase
chain reaction. l Results: The 11±15
years age group contained the highest
number of cases (62% of the total).
Conjunctival hyperaemia was present
in all patients, and subconjunctival
haemorrhage, superficial punctate
keratitis and preauricular lymphad-

enopathy were present in 24.0%,
11.7% and 9.3% of AHC cases, re-
spectively. No neurological compli-
cation was observed in this epidemic.
Out of 31 paired serum samples, 10
pairs showed a fourfold rise in anti-
body level to EV70. None of the
paired serum samples showed a
fourfold rise in antibody level to
Coxsackie A24 variant virus.
l Conclusion: These findings dem-
onstrate that the clinical features of
AHC observed in this study were
milder than those reported previous-
ly, in contrast to the high transmis-
sion rate during an epidemic.
Changes in clinical features of AHC,
such as a low incidence of subcon-
junctival haemorrhage and disap-
pearance of neurological complica-
tions, might be due to biological
transformation of EV70. It should be
noted that EV70 is still an important
aetiological agent of exploxive epi-
demics of AHC.

Introduction

Epidemic acute haemorrhagic conjunctivities (AHC) first
occurred during June 1969 in a suburb of Accra, Ghana
[9]. Since then, the disease has spread to many parts of
the world, affecting millions of people, and has gained
recognition as a major international public health problem
[29]. Enterovirus 70 (EV70) has been identified as the
major aetiolgoical agent of AHC [3±7, 11±13, 16, 17,
21, 24, 25]. In Japan, the first epidemic occurred in
1971 and then outbreaks were locally recognized every

year until 1985, but a large-scale epidemic has not oc-
curred since 1986 [19]. Commonly used diagnosed tests
for enterovirus infection are based on virus isolation in
cell culture, followed by identification of serotypes with
neutralizing antisera, or on serological tests. Although
no EV70 strain has been isolated by cell culture method
since 1988 [24], a reverse-transcription polymerase chain
reaction (RT-PCR) [10], which is more sensitive than im-
munofluorescence [22], enzyme-linked immunosorbent
assay [1], or electron-microscopic methods [32], has been
applied to detect epidemic EV70 that could not be isolat-
ed by cell culture. We have previously reported that 12
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samples out of 27 culture-negative specimens from con-
junctival swabs of patients among the population of an
AHC epidemic in Okinawa, Japan, in 1994 were positive
by RT-PCR [27]. This method has been applied for phy-
logenetic analysis of EV70 using specimens from patients
among a community outbreak of AHC in Israel [26].

Due to the inability of isolate EV70 from patients with
AHC, recent clinical and epidemiological characteristics
of AHC caused by EV70 have not been clarified. Most
epidemiological studies on AHC outbreaks caused by
EV70 have been carried out in tropical countries [3, 4,
6, 7, 11±13, 16±18, 21, 24, 25]. Although Okinawa is lo-
cated in the subtropical region, the most northern area of a
recent AHC epidemic was in the nothern hemisphere,
suggesting a characteristic epidemiological feature based
on the geographical situation.

In the present study, the epidemiological features and
the clinical findings of the 1994 AHC epidemic in Okina-
wa, Japan, in which the aetiological agent was identified
as EV70 by RT-PCR, will be described.

Materials and methods

Okinawa prefecture comprises 48 islands and constitutes the south-
ern half of the Nansei Islands located between Kyushu, Japan and

Taiwan (Fig. 1). It is located at latitude 24±28� north and longitude
122±133� east. Climatologically the area is subtropical with an av-
erage annual rainfall of 2100 mm; the lowest temperature is
16.0 �C, in January, and the highest 28.1 �C, in July. The prefecture
covers 2250 km2 in area and the population numbered 1.28 million
in 1994. Ninety per cent of the inhabitants live on Okinawa Honto
Island, where all of the sentinel eye clinics are located. Several Unit-
ed States military bases are located on the island and there is official
and military traffic to and from the US mainland, Southeast Asia and
the Pacific islands. There are also busy international, domestic and
inter-island flights and maritime traffic.

Collaborating sentinel eye clinics under the program conducted
by the Ministry of Health and Welfare, Japan, report clinically diag-
nosed cases of AHC to the Surveillance Center on a weekly basis.
Three hundred and fifteen eye clinics in all 47 prefectures of Japan
and 10 designated cities serve as sentinel stations for ocular diseas-
es. Okinawa prefecture has five sentinel eye clinics.

After obtaining informed consent, blood was collected by veni-
puncture from 31 patients in Naha and Itoman cities at first presen-
tation and from 44 patients, including the above-mentioned 31, at 3±
4 weeks after the onset (convalenscent phase). Serum was separated
from these samples on the same day and kept frozen at �80 �C. Se-
rum samples were titrated by microneutralization in HeLa cells. The
serum-virus mixtures were incubated for an hour at 37 �C and then
overnight at 4 �C before inoculation. The viruses were J670/71
strain of EV70 (National Institue of Health, Tokyo, Japan) and
EH24/70 strain of Coxsackie A24 variant virus (CA24v) (National
Institute of Health). The neutralization levels were determined as de-
scribed previously [2]. The serum samples which showed 1:8 or
greater of the neutralization antibody level against EV70 or
CA24v were considered as antibody-positive samples.

Fig. 1 Location of Okinawa prefecture, Japan
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Results

The weekly incidence of AHC reported by five sentinel
clinics in Okinawa from September to December in 1994
under the national epidemiological surveillance of infec-
tious diseases is presented in Fig. 2. The epidemic started
in the last week of August, 1994 and spread explosively,
with a peak incidence in late October, then subsided slowly
towards December. The number of reported cases from the
five sentinel clinics was 7509. The age distribution of cases

reported from three sentinel eye clinics is presented in Ta-
ble 1. There were 432 male (56.9%) and 327 female
(43.1%) patients. Their ages varied from 3 to 79 years,
mean 17.3 years. The age group comprising the largest pro-
portion of patients was junior high school children (11±15
years; 62.0%). The sources of infection in 759 outpatients
seen at three sentinel clinics are presented in Table 2. Most
of the patients studied (70.5%) contracted the infectio at
their school. The second larges proportion of patients
(12.5%) contracted the infection within their family. The
following clinical findings were obtained from 201 patients
(367 eyes) who attended one sentinel clinic. Both eyes
were infected in 166 cases (82.5%) and one eye in 35
(17.5%). In 131 (78.9%) of the bilateral cases, the second
eye developed infection within 24 h of the first. For the
rest, it varied from 2 to 6 days. The main symptoms and
clinical signs are shown in Table 3. Of the 367 eyes, con-
junctival hyperaemia was present in all patients, and 88
eyes (24.0%), 43 eyes (11.7%) and 34 eyes (9.3%) had sub-
conjunctival haemorrhage, superficial punctate keratitis
and preauricular lymphadenopathy, respectively. No neuro-
logical complication was observed in this epidemic.

The neutralizing antibody level to EV70 in the 44 con-
valescent serum samples ranged from <1:4 to 1:128 (Ta-
ble 4). Eleven out of 44 (25%) convalescent sera showed

Fig. 2 Time course of the acute haemorrhagic conjunctivitis (AHC)
epidemic: weekly reported number of AHC patients in Okinawa pre-
fecture from 26 August 1994 to 30 December 1994 (data based on
National Epidemiological Surveillance of Infectious Diseases)

Table 1 Age distribution of AHC patients reported by sentinel eye
clinics

Age group
(years)

Male (%) Female (%) Total (%)

0±5 2 (0.5) 2 (0.6) 4 (0.5)
6±10 24 (5.5) 17 (5.2) 41 (5.4)

11±15 275 (63.6) 196 (60.0) 471 (62.0)
16±20 73 (16.9) 50 (15.3) 123 (16.2)
21±30 15 (3.5) 19 (5.8) 34 (4.5)
31±40 24 (5.6) 22 (6.7) 46 (6.1)
41±50 13 (3.0) 11 (3.4) 24 (3.2)
51± 6 (1.4) 10 (3.0) 16 (2.1)

Total 432 327 759

Table 2 Source in infection of 759 patients with AHC, 1994

Source of infection Number of patients (%)

School 535 (70.5)
Home 95 (12.5)
Neighbours 13 (1.7)
Workplace 10 (1.3)
Others 3 (0.4)
Unknown 103 (13.6)

Total 759

Table 3 Clinical features of 201 cases of AHC in Okinawa, 1994

Number (%)

Symptoms (no. of patients)
Discharge 192 (95.5)
Itchy eyes 157 (78.1)
Foreign body sensation 134 (66.7)
Eye pain 87 (43.3)
Blurred vision 26 (12.9)
Others 8 (4.0)

Signs (no. of eyes)
Bulbar hyperaemia 367 (100)
Subconjunctival haemorrhage 88 (24.0)
Superficial punctate keratitis 43 (11.7)
Preauricular lymphadenopathy 34 (9.3)
Gross lid oedema 18 (4.9)
Gross chemosis 8 (2.2)
Iritis 0 (0)

Table 4 Antibody levels to EV70 and CA24v in serum samples col-
lected from 44 patients in the convalescent phase

Antibody level Number of patients

EV70 (J670/71) CA24v (EH24/70)

<1:4 21 39
1:4 7 5
1:8 5 0
1:16 3 0
1:32 3 0
1:64 3 0
1:128 2 0
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a neutralizing antibody level of 1:16 or greater. In con-
trast, no samples had a neutralizing antibody level to
CA24v of more than 1:8. Ten pairs of sera (32%) showed
a fourfold rise, whereas four pairs of sera (13%) showed a
twofold rise in level to EV70 (Table 5). The rest of the
pairs (55%) showed no rise in antibody level. None of
the paired serum samples showed a fourfold rise in anti-
body level to CA24v.

Discussion

In Okinawa, Japan, we experienced an unusually extensive
AHC epidemic in the summer of 1985 [20]. Many strains
of CA24v were isolated from the patients, and wide dis-
semination of the virus was confirmed seroepidemiologi-
cally. The outbreaks reappeared in 1986. The prefectural
surveillance centre was notified of 9952 cases in 1985
and 6096 cases in 1986. The epidemic of AHC in the pres-
ent study was the largest epidemic in Japan since the 1985±
1986 epidemic in Okinawa. In Japan, EV70 had been the
only causative agent of AHC after introduction of the dis-
ease in 1971 prior to the large epidemic in 1985±1986 in
Okinawa. After the large outbreak in 1985±1986, no large
outbreak of AHC due to CA24v has occurred. Therefore,
although most islands were involved, the 2-year epidemic
due to CA24v was confined to Okinawa prefecture and
the virus did not spread to the mainland of Japan [20].
There was an 8-year interval between the two AHC epi-
demics, 1985±1986 and 1994, in Okinawa. It is reported
that there is no cross-reaction of neutralizing antibodies be-
tween EV70 and CA24v [11]. Moreover, in spite of the re-
peated outbreaks caused by CA24v and EV70, antibody to
both picornaviruses was not demonstrated in acute sera
[11]. Neutralizing antibody to both CA24v and EV70 does
not appear to last long, despite exposure to the viruses from
recurring epidemics [31]. It has also been reported that
neutralizing antibody levels to EV70 after an outbreak
markedly decrease every year, and only 8% of the subjects
showed a 1:8 titre 7 years later [2]. It thus seems reason-
able to consider that a high porportion of the population
in Okinawa was susceptible to both viruses at the begin-
ning of this AHC epidemin in 1994.

The fact that a large proportion of AHC patients com-
prised junior high school students indicates that AHC
spread rapidly owing to the unhygienic habits of the stu-

dents. Person-to-person transmission among school-aged
children and their family members seemed to occur and
accounted for the widespread epidemic in Okinawa Honto
island (Table 3). In the previous AHC epidemic due to
CA24v in Okinawa, in age-specific attack rate was high-
est in the 10±14 years age group (20%) and lowest in
adults (6±8%) [20]. The most common place of infection
was reported to be schools (50%), followed by homes
(46%) [20], indicating a similar source of infection to that
in the present epidemic. While in the past school exclu-
sion may actually have curtailed an epidemic [16, 21],
school exclusion was carried out and was reported to be
effective in the control of the AHC epidemic in 1994 (un-
published data). Since AHC epidemics can be explosive
and no effective treatment is available, it is reassuring
to note the epidemiological aspects of AHC documented
here and that public health measures should be taken to
prevent or control outbreaks. These aspects include the
association of AHC transmission with intra-family per-
sonal hygienic factors [23, 28]. Climatologically, summer
and autumn seem to have favoured this AHC epidemic.
However, it was not explained why EV70 spread to sud-
denly and widely only on the Okinawa Islands. It is con-
ceivable that the climate of the Japanese mainland may be
unfavourable for dissemination of EV70 [20].

Serological studies, especially tests for neutralizing an-
tibodies, have been used to investigate the role of EV70 as
the causative agent of AHC. The tests are still particularly
useful where facilities for EV70 RT-PCR do not exist.
Thirty-one paired and 13 single convalescent serum sam-
ples were available for serological studies. Ten pairs
(32%) of sera showed a fourfold rise in antibody level
to EV70, while 11 of 44 (25%) convalescent sera showed
a neutralizing antibody level to EV70 of 1:16 or greater.
A neutralizing antibody level to EV70 of 1:16 or greater
in convalescent serum has been considered a critical diag-
nostic level [15]. Taken together, with the fact that no
samples had neutralizing antibody level to CA24v of
more than 1:8 and none of the paired serum samples
showed a fourfold rise in antibody level to CA24v, it
can be concluded serologically that the causative agent
of this epidemic AHC was EV70.

The presence of subconjunctival haemorrhage and su-
perficial punctate keratitis was noted in 10±70% and 0±
53%, respectively, of patients in the past reports. Preau-
ricular lymphadenopathy has been reported to be found
in 4±40% of AHC cases. The clinical features and sever-
ity of AHC observed in our patients were apparently mild-
er than reported elsewhere [4±6, 11, 13]. During the short
follow-up in our patients, we did not see any neurological
manifestation. Neurological complications, such as polio-
like motor paralysis, have been reported during epidemics
of AHC, particularly in India and Thailand [8, 14].
Changes in clinical features of AHC, such as a low inci-
dence of subconjunctival haemorrhage and corneal com-
plications or disappearance of neurological complica-

Table 5 Rise of antibody levels to EV70 in 31 paired serum sam-
ples

Rise in Ab level No. of patients

None 17
Twofold 4
Fourfold 10

Total 31
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tions, might be due to biological transformation of EV70.
Phylogenetic changes of recent EV70 strains are reported
[26, 30]. For this purpose, a comparative phylogenetic
study of viral protein 1 (VP1) and VP2 regions of EV70
among strains from AHC epidemics has been initiated.

Acknowledgements This work was supported by a Grant-in-Aid
for Encouragement of Young Scientists (04771365) from the Minis-
try of Education, Science, Sports and Culture of Japan. We thank the
Ministry of Health and Welfare, Japan, for supporting our survey
and analysis. We thank Dr. W. Gray for helpful discussion and crit-
ical review of this manuscript.

References

1. Anderson LJ, Hatch MH, Flemister MR,
Marchetti GE (1984) Detection of en-
terovirus 70 with monoclonal antibod-
ies. J Clin Microbiol 20:405±408

2. Aoki K, Sawada H (1992) Long-term
observation of neutralization antibody
after enterovirus 70 infection. Jpn J
Ophthalmol 36:465±468

3. Aoki K, Kawana R, Matsumoto I,
Maekawa H, Sawada H, Sakurada N,
Nobrega MJ, Filho MDR, Belfort R
(1987) An epidemic of acute haemor-
rhagic conjunctivities in the city of Sao
Paulo. Jpn J Ophthalmol 31:532±537

4. Arnow PM, Hierholzer JC, Higbee J,
Harris DH (1977) Acute haemorrhagic
conjunctivities: a mixed virus outbreak
among Vietnamese refuges on Guam.
Am J Epidemiol 105:68±74

5. Asbell PA, de la Pena W, Harms D,
Hatch M, Kaufman HE (1985) Acute
haemorrhagic conjunctivitis in central
America: First enterovirus epidemic in
the western hemisphere. Ann
Ophthalmol 17:205±210

6. Babalola OE, Amoni SS, Samaila E,
Thaker U, Darougar S (1990) An out-
break of acute haemorrhagic conjunct-
ivities in Kaduna, Nigeria. Br J
Ophthalmol 74:89±92

7. Bernard KW, Hierholzer JC, Dugan JB,
DeLay PR, Helmick C (1982) Acute
haemorrhagic conjunctivitis in southeast
Asian refugees arriving in the United
States ± isolation of enterovirus 70. Am
J Trop Med Hyg 31:541±547

8. Chaopra JS, Sawhney IMS, Dhand UK,
Prabhakar S, Naik S, Sehgal S (1986)
Neurological complications of acute
haemorrhagic conjunctivities. J Neurol
Sci 73:177±191

9. Chatterjee S, Quarcoopome CO, Apent-
eng A (1970) Unusual type of epidemic
conjunctivitis in Ghana. Br J
Ophthalmol 54:628±630

10. Chomczynski P, Sacchi N (1987) Single
step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloro-
form extraction. Anal Biochem
162:156±159

11. Goh KT, Doraisingham S, Yin-Murphy
M (1981) An epidemic of acute con-
junctivities caused by enterovirus-70 in
Singapore in 1980: Southeast Asian J
Trop Med Publ Health 12:473±480

12. Hossan MM, Glass RI, Khan MU, Huq
F, Hierholzer JC (1983) Outbreak of
enterovirus 70 conjunctivities in Ban-
gladesh ± 1981. Trans R Soc Trop Med
Hyg 77:217±218

13. Kishore J, Nanjunath N, Bareja U, Ver-
ma LK, Broor S, Seth P (1989) Study of
an outbreak of epidemic conjunctivitis
in Delhi in 1986. Indian J Pathol Mi-
crobiol 32:266±269

14. Kono R, Miyamura K, Tajiri E, Sasa-
gawa A, Phuapradit P, Roogwithu N,
Vejjajiva A, Jayavasu C, Thongcharoen
P, Wasi C, Rodprassert P (1977) Viro-
logical and serological studies of neu-
rological complications of acute haem-
orrhagic conjunctivities in Thailand. J
Infect Dis 135:706±713

15. Kono R, Miyamura K, Ogina T (1981)
Antibody titres to enterovirus-70 in the
1981 Indian epidemic of acute haemor-
rhagic conjunctivities. Lancet ii:924±
925

16. Malison MD, Gunn RA, Hatch MH,
Bernard KW, White MC (1984) Acute
haemorrhagic conjunctivitis, Key
West, Florida. Am J Epidemiol
120:717±726

17. Manjunath N, Balaya S, Mahajan VM
(1982) Isolation of enterovirus 70 during
conjunctivities epidemic in Delhi in
1981. Indian J Med Res 76:653±655

18. Metselaar D, Awan AM, Ensering HL
(1976) Acute haemorrhagic conjuncti-
vitis and enterovirus 70 in Kenya. Trop
Georgr Med 28:131±136

19. Miyamura K (1989) Epidemiological
surveillance of acute haemorrhagic
conjunctivitis in Japan, 1981±86. In: Is-
hii K, Uchida Y, Miyamura K, Yam-
azaki S (eds) Acute haemorrhagic con-
junctivitis. University of Tokyo Press,
Tokyo, pp 185±194

20. Miyamura K, Yamashita K, Takeda N,
Ogino T, Utagawa E, Yamazaki S, Fu-
kumura K, Uehara T, Shinjo N (1988)
The first epidemic of acute haemor-
rhagic conjunctivities due to a coxsack-
ievirus A24 variant in Okinawa, Japan,
in 1985±1986. Jpn J Med Sci Biol
41:159±174

21. Onorato IM, Morens DM, Schonberger
LB, Hatch MH, Kaminski RM, Turner
JP (1985) Acute haemorrhagic conjunc-
tivitis caused by enterovirus 70: an epi-
demic in American Samoa. Am J Trop
Med Hyg 34:984±991

22. Pal SR, Szucs GY, Melnick JL (1983)
Rapid immunofluorescence diagnosis of
acute haemorrhagic conjunctivitis caused
by enterovirus 70. Intervirology 20:19±22

23. Patriarca PA, Onorat IM, Sklar VEF,
Schonberger LB, Kaminski RM, Hatch
M, Morens DM, Forster RK (1983)
Acute haemorrhagic conjunctivitis: in-
vestigation of a large-scale community
outbreak in Dade County, Florida.
JAMA 249:1283±1289

24. Ramia S, Arif M (1990) Isolation of
enterovirus 70 (EV70) from patients
with acute haemorrhagic conjunctivitis
in two areas of Saudi Arabia. Trans R
Soc Trop Med Hyg 84:139±140

25. Reeves WC, Brenes MM, Quiroz E,
Palacios J, Campos G, Centeno R (1986)
Acute haemorrhagic conjunctivitis epi-
demic in Colon, Republic of Panama.
Am J Epidemiol 123:325±335

26. Shulman LM, Manor Y, Azar R,
Handsher R, Vonsover A, Mendelson E,
Rothman S, Hassin D, Halmut T, Ab-
ramovitz B, Varsano N (1997) Identifi-
cation of a new strain of fastidious en-
terovirus 70 as the causative agent of an
outbreak of haemorrhagic conjunctivi-
ties. J Clin Microbiol 35:2145±2149

27. Uchio E, Yamazaki K, Aoki K, Ohno S
(1996) Detection of enterovirus 70 by
polymerase chain reaction in acute
haemorrhagic conjunctivities. Am J
Ophthalmol 122:273±275

28. Waterman SH, Casas-Benabe R, Hatch
MH, Bailey RE, Monoz-Jimenez R,
Ramirez-Ramirez R, Rodrigues-Bigas
M (1984) Acute haemorrhagic conjunc-
tivitis in Puerto Rico, 1981±1982. Am J
Epidemiol 120:395±403

29. WHO (1981) Enterovirus 70 surveil-
lance: laboratory isolation of enterovirus
70. Weekly Epidemiol Rec 56:396

30. Yamazaki K, Oishi I, Minekawa Y
(1995) Nucleotide sequence analysis of
recent epidemic strains of enterovirus
70. Microbiol Immunol 39:429±432

31. Yin-Murphy M, Lim KH, Ho YM
(1976) A coxsackievirus A24 epidemic
of acute conjunctivitis. Southeast Asian
J Trop Med Publ Health 7:1±15

32. Yin-Murphy M, Rahim NA, Phoon MC,
Ishk B, Howe J (1985) Early and rapid
diagnosis of acute haemorrhagic con-
junctivitis with tear specimens. Bull
World Health Organ 63:705±709


