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Background: Acute hemorrhagic conjunctivitis (AHC) is a highly contagious enterovirus infec-

tion of the conjunctiva and cornea. Coxsackievirus A24 variant (CA24v) is one of its etiological 

agents. We report a clinical, epidemiological, and virological analysis of a large epidemic of 

AHC that occurred from May to September, 2011, in Okinawa, Japan.

Methods: Clinical and epidemic aspects were evaluated for 435 AHC patients (348 bilateral and 

87 unilateral, 783 eyes). Virological studies were carried out on nine isolates from ten patients. 

Virus isolation and direct detection of the enterovirus genome by the reverse transcription 

polymerase chain reaction method and complete nucleotide sequencing of the VP1 gene and 

phylogeny-based classification using the VP4 sequences were carried out.

Results: The 11–15-year age group comprised the highest (62.0%) proportion of cases among all 

age groups. Conjunctival hyperemia was present in all patients, and subconjunctival hemorrhage, 

superficial punctate keratitis, and preauricular lymphadenopathy were present in 25.4%, 10.3%, 

and 7.8% of eyes, respectively. CA24v was isolated from the epidemic strain, and phylogenetic 

analysis based on a fragment of the VP1 gene showed 96%–97% identity between the current 

strain and the recent China/GD01/2010 strain.

Conclusion: These findings demonstrate that the clinical and epidemiological features of AHC 

observed in this study were similar to those of the past epidemic in the same region. It should 

be noted that sequential outbreaks of AHC due to CA24v might occur in the same location 

after a considerable period of time, and public health precautions are necessary to control this 

explosive epidemic.

Keywords: enterovirus, coxsackievirus, acute hemorrhagic conjunctivitis, polymerase chain 

reaction, epidemiology

Introduction
Acute hemorrhagic conjunctivitis (AHC), similar to epidemic keratoconjunctivitis, 

is a highly infectious conjunctivitis caused by a virus. Enterovirus (EV)70 and cox-

sackievirus A24 variant (CA24v) are known to be etiological agents. Epidemic AHC 

first occurred during June 1969 in a suburb of Accra, Ghana.1 Since then, AHC has 

spread to many parts of the world, affecting millions of people, including in Japan,2 

and has gained recognition as a major international public health problem.3 CA24v 

first emerged in Singapore in 1970,4 followed by repeated epidemics in Asian coun-

tries.5 In the summer of 2011, a large epidemic of AHC occurred in Okinawa, Japan. 

Okinawa is located near the recent CA24v epidemics, including those in the People’s 
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Republic of China,6 Taiwan,7 and Korea.8 In Okinawa, Japan, 

we experienced an unusually extensive AHC epidemic in 

the summer of 1985 that recurred in 1986.9 Many strains of 

CA24v were isolated from the patients, and wide dissemi-

nation of the virus was confirmed seroepidemiologically. 

The prefectural surveillance center was notified of 9,952 

cases in 1985 and 6,096 cases in 1986 in Okinawa, Japan.10 

The second epidemic of AHC was observed in 1993, and 

we reported that EV70 was the causative agent.11 There 

was an 8-year interval between the two AHC epidemics 

in Okinawa, Japan. Since these large outbreaks, no large 

outbreak of AHC has occurred in Okinawa. It was confined 

to Okinawa Prefecture and the virus did not spread to the 

mainland of Japan.9

Here we describe the virological and epidemiological 

features and clinical findings for the 2011 AHC epidemic in 

Okinawa, Japan, in which the etiological agent was identi-

fied as CA24v by reverse transcription polymerase chain 

reaction (RT-PCR).

Materials and methods
Location of Okinawa and sample 
collection
Okinawa Prefecture comprises 48 islands and constitutes the 

southern half of the Nansei Islands located between Kyushu, 

Japan, and Taiwan (Figure 1). It is located at latitude 24°–28° 

north and longitude 122°–133° east. Climatologically, the area 

is subtropical, with an average annual rainfall of 2,100 mm;  

the lowest temperature is 16.0°C in January and the highest 

28.1°C in July. The prefecture covers an area of 2,250 km2 

and the population numbered 1.40 million in 2011. Ninety 

percent of people live on Okinawa Honto Island. Several 

US 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 interisland flights and maritime 

traffic. AHC cases were diagnosed clinically according to 

characteristic findings, such as acute follicular conjunctivitis 

with conjunctival hemorrhage, bilateral conjunctivitis, and 

Figure 1 Location of Okinawa Honto Island, Japan. Okinawa Honto Island is the main part of Okinawa Prefecture, which is located in the southwest rim of Japan.
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a short incubation period of up to several days. Clinical and 

epidemic aspects were evaluated in 783 eyes of 435 patients 

who were clinically diagnosed with AHC at Asato Eye Clinic, 

Itoman, Japan, from May 29, 2011 to September 4, 2011. 

A virological study was carried out in the following cases 

during this epidemic. After obtaining informed consent, ten 

eyes of ten patients with clinically diagnosed AHC at Asato 

Eye Clinic, from July 2, 2011 to July 7, 2011, were enrolled 

in this study for virological analysis.

Virus isolation and detection
HEp-2, Vero, and RD-18 cells were used for isolation of 

enteroviruses from conjunctival swab samples collected from 

patients with AHC. Confluent cell cultures were seeded in 

microplate wells and inoculated with 100 µL of maintenance 

medium and 50 µL of conjunctival swab samples. The cell 

cultures were then incubated at 34°C in 5% CO
2
-95% air and 

observed for 7 days to check for cytopathic effects. A blind pas-

sage was performed once if no cytopathic effect was observed 

by the end of the observation period. Virus isolates were iden-

tified by a neutralization test using anti-CV-A24 polyclonal 

antibodies provided from the National Institute of Infectious 

Diseases in Japan. The isolates were stored at -80°C.

Direct detection of enterovirus genome 
by RT-PCR
To identify the pathogen, viral nucleic acid was extracted 

from 140 µL of ten culture supernatant fluids harvested for 

virus isolation using a QIAamp viral RNA mini kit (Qiagen  

NV, Venlo, the Netherlands), and suspended in DNase-free 

or RNase-free water, respectively. To detect enteroviruses, 

complementary DNA was synthesized using a Prime-Script 

RT reagent kit (Takara, Shiga, Japan) after RNA extrac-

tion, and RT-PCR and cycle sequencing reactions were 

performed according to the method by Tavares et al with 

modification.12

PCR and sequence determination of VP4 
gene for classification
The methods used for molecular diagnosis of enteroviruses 

by nested RT-PCR and phylogeny-based classification using 

the VP4 sequences were carried out according to the report 

by Hosoya et al to confirm the results of virus isolation and 

RT-PCR.13 Briefly, the entire VP4 nucleotide sequences of the 

enrolled samples were determined and used for phylogeny-

based analysis, along with those of 64 prototype enterovirus 

strains. We estimated the evolutionary distances using the 

Kimura two-parameter method14 and constructed unrooted 

phylogenetic trees with the neighbor-joining method.15 

Bootstrap analysis was performed by resampling the data 

sets 1,000 times. Bootstrap values greater than 70% were 

considered to be statistically significant for the grouping.16 

The VP4 sequences of the 54 representative coxsackievirus 

(CV)-A16 strains isolated in this study were also compared 

with those of 20 strains isolated in other areas of Japan, 29 

strains in the People’s Republic of China, and one strain in 

the UK taken from international databases (GenBank), using 

phylogenetic analysis.

Complete nucleotide sequencing 
of VP1 gene
Complete nucleotide sequences of the VP1 gene were analyzed 

according to the report by Tavares et al.12 Products of 1,096 and 

673 base pairs were obtained from PCR reactions using primer 

pairs that flank the VP1 gene. The products were then purified 

and analyzed using an ABI Prism® 310 genetic analyzer (Life 

Technologies Japan Ltd, Tokyo, Japan) as described above. The 

nucleotide sequences for VP1 were aligned using the Clustal 

W program included in the BioEdit version 7.0.9.0 software17 

and hand-edited where necessary. The alignment was used to 

identify respective divergence and to infer the phylogenetic 

relationships among clinical isolates and sequences available in 

GenBank from outbreaks that had occurred in other parts of the 

world. Sequence analyses were performed using MEGA soft-

ware version 4.0,18 and phylogenetic trees were constructed by 

the neighbor-joining method. The evolutionary distances were 

computed using the Kimura two-parameter model of nucleotide 

substitution. The robustness of each node was assessed by a 

bootstrap test with 1,000 replicates.

Results
Epidemic characteristics
The weekly incidence of AHC diagnosed at Asato Eye 

Clinic in Okinawa from June to August, 2011 is presented in 

Figure 2. The epidemic started in the last week of May, 2011, 

and spread explosively, with a peak incidence in the middle 

of July, and then subsided toward the 1st week of September, 

2011. The cumulated number of AHC cases was 435. The 

age distribution of the cases is presented in Figure 3. There 

were 246 male (56.6%) and 189 female (43.4%) patients. The 

age of the patients ranged from 3 to 79 (mean 17.3) years.  

The age group comprising the largest percentage of patients 

was junior high school children (11–15 years, 62.0%), fol-

lowed by high school children (16–20 years, 16.8%).
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Figure 2 Time course of AHC epidemic weekly reported number of AHC patients in Asato Eye Clinic, Okinawa, Japan, is shown from May 29, 2011 through September 4, 2011.
Abbreviation: AHC, acute hemorrhagic conjunctivitis.

Figure 3 Age distribution of patients with acute hemorrhagic conjunctivitis. The largest percentage of cases was observed in junior high school children (11–15 years, 62.0%).

Clinical features of the epidemic
The eyes were infected bilaterally in 348 (80%) cases and 

unilaterally in 87 (20%) of the total cases. The clinical 

signs are shown in Table 1. Of the 783 eyes, conjunctival 

hyperemia was present in all patients, and 199 eyes (25.4%), 

81 eyes (10.3%), and 61 eyes (7.8%) had subconjunctival 

hemorrhage, superficial punctate keratitis, and preauricular 

lymphadenopathy, respectively. The total number of patients 

reported through national surveillance in Japan was 4,094 in 

Okinawa in 2011 (data not shown). Considering the number 

of sentinel eye clinics in Okinawa in the national surveillance 

system, approximately 8% of total clinics, the number of 
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infected patients with AHC in this epidemic was estimated 

to be 49,000.

Virus isolation, detection, and direct RNA 
detection in clinical specimens
Ten conjunctival swab samples were collected from AHC 

patients in Okinawa in 2011, and CA24v were isolated from 

nine cases. The remaining negative case did not show a posi-

tive finding for adenovirus on immunochromatography. The 

nine patients also showed PCR products of approximately 

350 base pairs. Nucleotide sequences of the PCR products 

were compared with those available in GenBank using 

BLAST software3 and showed the presence of CA24v in 

the samples.

Phylogenetic analysis for classification 
of enteroviruses
When VP4 nucleotide sequences of the nine positive isolates 

in this study were compared with those of the 66 prototype 

strains, all isolates in this study showed an identical nucle-

otide sequence. Its homology rate to the prototype strain of 

CA24v (EH24/70) was 95.2%. All of them were identified 

as enterovirus Cluster C as reported by Ishiko et al.19 Among 

Cluster C enterovirus, CA24v is the sole type inducing 

keratoconjunctivitis.19

Phylogenetic analysis of VP1 gene
Sequences from the CA24v isolates in Okinawa were com-

pared with those available in GenBank. In Table 2, two 

examples of tested case sample sequences of the VP1 gene 

are displayed. Compared with the human coxsackievirus 

A24 strain China/GD01/2010, registered in National Center 

for Biotechnology Information, those samples showed 

96%–97% identity to human coxsackievirus A24 strain 

China/GD01/2010. This high homology rate indicates the 

possibility that the epidemiological origin of our cases might 

be from geographically neighbor strains, such as as strain 

China/GD01/2010, in this epidemic.

Table 1 Clinical features of 435 cases of acute hemorrhagic 
conjunctivitis in Okinawa, 2011

Signs Eyes, n (%)*

Conjunctival hyperemia 783 (100)
Subconjunctival hemorrhage 199 (25.4)
Superficial punctate keratitis 81 (10.3)
Preauricular lymphadenopathy 61 (7.8)
Gross chemosis 14 (1.8)

Note: *783 eyes in 435 patients.

Table 2 Comparison of genome alignment of VP1 region

1–51

TTCACAACCTAAACCGCAAAAGCAGCACACTGCACAATCCACACCGCTCAC

TTCACAACCTAAACCGCAAAAGCAGCACACTGCACAATCCACACCGCTCAC

TTCACAACCTAAACCGCAAAAGCAGCACACTGCACAATCCACACCGCTCAC

52–102

TAGTGGAGTCAACTCACAGGAGGTGCCCGCACTAACTGCAGTAGAGACTGG

TAGTGGAGTCAACTCACAGGAGGTGCCCGCACTAACTGCAGTAGAGACTGG

TAGTGGAGTCAACTCACAGGAGGTGCCCGCACTAACTGCAGTAGAGACTGG

53–153

TGCATCTGGCCAGGCGGTGCCCAGTGATGTAATTGAGACCAGACATGTTGT

TGCATCTGGCCAGGCGGTGCCCAGTGATGTAATTGAGACCAGACATGTTGT

TGCATCTGGCCAGGCGGTGCCCAGTGATGTAATTGAGACCAGACATGTTGT

154–204

GAATTACAAGACTAGGTCTGAATCAACACTAGAGTCCTTCTTTGGAAGATC

GAATTACAAGACTAGGTCTGAATCAACACTAGAGTCCTTCTTTGGAAGATC

GAATTACAAGACTAGGTCTGAATCAACACTAGAGTCCTTCTTTGGAAGATC

205–255

TGCTTGTGTCACCATACTGGAAGTGGAGAATTTTAACGCCACGACTGACGC

TGCTTGTGTCACCATACTGGAAGTGGAGAATTTTAACGCCACGACTGACGC

TGCTTGTGTCACCATACTGGAAGTGGAGAATTTTAACGCCACGACTGACGC

256–306

TGATAGGAAAAAGCAGTTTACCACATGGGCTATCACGTACACAGACACAGT

TGATAGGAAAAAGCAGTTTACCACATGGGCTATCACGTACACAGACACAGT

TGATAGGAAAAAACAGTTTACCACATGGGCTATCACGTACACAGACACAGT

307–357

CCAGCTGAGAAGGAAACTGGAGTTCTTTACCTACTCCAGATTTGACCTAGA

CCAGCTGAGAAGGAAACTGGAGTTTTTTACCTACTCCAGATTTGACCTAGA

CCAGCTGAGAAGGAAACTGGAGTTTTTTACCTACTCCAGATTTGACCTAGA

358–408

GATGACTTTTGTCATAACGGAAAGGTACTACGCCAGCAACACAGGACATGC

GATGACTTTTGTCATAACGGAAAGGTACTACACCAGCACCACAGGACATGC

GATGACTTTTGTCATAACGGAAAGGTACTACTCCAGCAACACAGGACATGC

409–459

CAGGAATCAAGTCTACCAGCTTATGTACATACCACCTGGTGCTCCGCGACC

CAGGAATCAAGTCTACCAGCTTATGTACATACCACCTGGTGCTCCGCGACC

CAGGAATCAAGTCTACCAGCTTATGTACATACCACCTGGTGCTCCGCGACC

460–510

CACGGCTTGGGACGACTATACCTGGCAGAGTTCATCGAACCCGTCAGTGTT

CACGGCTTGGGACGACTATACCTGGCAGAGTTCATCGAACCCGTCAGTGTT

CACGGCTTGGGACGACTATACCTGGCAGAGTTCATCGAACCCGTCAGTGTT

511–561

TTACACGTACGGCAGTGCACCACCCAGAATGTCTATCCCCTATGTTGGCAT

TTACACGTACGGCAGTGCACCACCCAGAATGTCTATCCCCTACGTTGGCAT

TTACACGTACGGCAGTGCACCACCCAGAATGTCTATCCCCTACGTTGGCGT

562–612

AGCAAACGCGTACTCGCACTTTTACGACGGGTTCGCGCGTGTTCCTTTGA

AGCAAACGCGTACTCGCACTTTTACGACGGGTTCGCGCGTGTTCCTTTGA

AGCAAACGCGTACTCGCACTTTTACGACGGGTTCGCGCGTGTTCCTTTGA

613–629

AGGATGAGACTGTTGAC

AGGATGAGACTGTTGAC

AGGATGAGACTGTTGAC
Notes: Each line displays whole VP1 gene amino acids sequence of the three strains from AHC 
cases, Human coxsackievirus A24 strain China/GD01/2010 (black character), Case 1 (blue 
character) and Case 2 (red character), respectively. Numbering means the sequence number from 
the first end of VP1 gene. Underlined and bold amino acids indicate dissociation of tested case 
sample from that of human coxsackievirus A24 strain China/GD01/2010.
Abbreviation: AHC, acute hemorrhagic conjunctivitis.
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Discussion
Several large epidemics of AHC have occurred only in 

Okinawa Prefecture, Japan. CA24v caused the first outbreak 

in 1985 and 1986,9 and EV70 was the causative agent of the 

second epidemic in 1994, which has been reported by our 

group.11 There was a 25-year interval between the present 

and the last CA24v AHC epidemic in Okinawa, and 17 years 

have passed since the last AHC epidemic in the same region. 

It is reported that there is no cross reaction of neutralizing 

antibodies between EV70 and CA24v.20 Moreover, in spite of 

the repeated outbreaks caused by CA24v and EV70, antibody 

to both picornaviruses was not demonstrated in acute sera.20 

It has been shown that neutralizing antibody to both CA24v 

and EV70 does not appear to last long, despite exposure to the 

viruses from recurring epidemics.21,22 There is a possibility 

that another AHC epidemic will occur after a considerable 

period in the near future. Therefore, the decreasing number 

of people having the antibody, such as school children, may 

have been a possible resource for this re-emergence. How-

ever, it was not explained why CA24v spread so suddenly and 

widely only on Okinawa Islands without a further epidemic 

on the Japan mainland. It is conceivable that the climate of 

the Japan mainland may be unfavorable for dissemination 

of enterovirus.9

Regarding this epidemic, Nidaira et al have recently 

reported molecular virological features regarding CA24v 

isolates from 26 samples on different occasions during the 

epidemic;23 however, epidemiological and clinical aspects 

of this epidemic were not described. In this epidemic, teen-

agers accounted for more than a half of patients. The large 

proportion of AHC patients comprising junior high school 

students suggests that AHC spread rapidly owing to the 

unhygienic habits of students (Figure 3). Person-to-person 

transmission among school-aged children and their family 

members seemed to occur simultaneously and accounted for 

the widespread epidemic on Okinawa Honto Island. Similar 

epidemic characteristics were reported by our group for the 

previous AHC epidemic in 1994 due to EV70.24 In this large 

outbreak, the 11–15-year age group comprised the highest 

(62.0%) proportion of cases among all the age groups.24 

In the former AHC epidemic due to CA24v in Okinawa in 

1985–1986, the age-specific attack rate was also highest in 

the 10–14-year group (20%) and lowest in adults (6%–8%).9 

Although clinical and epidemiological features of CA24v 

AHC epidemics were reported in a few studies, Khan et al 

reported that the mean age of the patients was 24 years in 

the Pakistani epidemic,25 and Wu et al reported that 23.9% of 

cases were students, followed by factory workers (22.8%) and 

children in kindergartens (16.8%), from a Chinese epidemic.26 

These epidemic features suggest a similar tendency of this 

disease in younger age. Past reports indicate that exclusion 

from school may actually have curtailed an epidemic,24,27,28 

and school exclusion was carried out in some schools in 

the 2011 Okinawa epidemic. Thus, school exclusion might 

be effective in the control of AHC epidemics. Because no 

effective treatment is established for this infectious disease, it  

is reassuring to note the epidemiological aspects of AHC in 

order to prevent or control future outbreaks. These aspects 

include the association of AHC transmission with intrafamily 

personal hygienic factors.29,30 Climatologically, summer 

and autumn seem to have favored this AHC epidemic. 

The most recent epidemic occurred from summer to autumn 

(Figure 2).

Regarding the clinical findings in AHC, the presence 

of subconjunctival hemorrhage and superficial punctate 

keratitis was noted in 10%–70% and 0%–53%, respectively, 

of patients in past reports.1,2,20,21,24 Preauricular lymphade-

nopathy has been reported to be found in 4%–40% of AHC 

cases.1,2,20,21,24 Subconjunctival hemorrhage, superficial 

punctate keratitis, preauricular lymphadenopathy, and gross 

chemosis were observed in 25.4%, 10.3%, 7.8%, and 1.8%, 

respectively, in the most recent epidemic, versus 24.0%, 

11.7%, 9.3%, and 2.2%, respectively, in earlier AHC epi-

demic due to EV70 in 1994.24 During the short period of 

follow-up in our patients, we did not see any neurological 

manifestations. Taken together with the consistent absence 

of neurological complications, the clinical findings for AHC 

have shown little change over several decades, in contrast 

with the continuing molecular evolution.

Several epidemics of AHC caused by CA24v have 

been reported in the last decade in Asia6–8,25,26,31–34 and other 

continents.12,35 Many of the studies in Asia were carried out 

in the People’s Republic of China6,26,32,34 and the East Asian 

countries7,8 neighboring Japan. From the virological analysis 

by Nidaira et al of the same epidemic, it was noted that the 

strains from this epidemic in Okinawa in 2011 could have 

divided in about 2010 from the same lineage detected in 

other countries, such as the People’s Republic of China,26,34 

India,33 and Pakistan.25 These findings suggest that the pres-

ent CA24v strains causing AHC in these regions are geneti-

cally related to each other, and AHC strains emerged around 

2010. The high homology rate between our strains and the 

CA24v Chinese strain (Table 1) supports this hypothesis. 

From the social and epidemiological standpoints, numbers of 

immigrants and or overseas travelers from foreign countries 

outside Japan have been increasing in Japan in recent years. 

Therefore, it is deemed necessary to take some measures 

against the spread of imported AHC in Japan, especially in 
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Okinawa. The reason for this re-emergence of CA24v AHC 

in Okinawa needs further investigation, such as a serological 

survey of the total population, and a molecular-based inves-

tigation is underway.
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