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Acute hemaorrhagic conjunctivitis has caused numerous cuthreaks throughout
Africa and Asia since it was first recognized in 1969 but did not involve the New
World until 1981. This unprecedented outbreak reached Colon, Panama during
August 1981 and by October 8,401 cases had been reported {14% of Colon's
population). In October the Gorgas Memorial Laboratory and Ministry of Health
conducted a survey in Colon to collect descriptive data on household living units,
epidemiologic and clinical data from residents, and venous blood from all resi-
dents one year or older. The survey sampled 127 households and interviewed
608 people (1% of Colon’s homes and 1% of the population). Overall 336 (55%)
study subjects recalled having conjunctivitis. Disease rates differed according to
residence; poor sectors of the city had 67 % attack rates, lower class 52%, middle
class 34%, and upper class 13%. Within each sector adults were mare likely than
children to be index cases, and communal bathrooms and househald crowding
were the most important risk factors for acute hemorrhagic cenjunctivitis. Be-
tween 4-20% of people denying acute conjunctivitis had antibody to enterovirus

70 and may represent asymptomatic cases.

conjunctivitis; disease outbreaks; enterovirus infections; eye diseases: serol-

ogy

Acute hemorrhagic conjunctivitis is a
highly contaginus ocular infection with a
short incubation period (24-48 hours) and
rapid evolution to involve hoth eves: it is
characterized by ocular pain and itehing,
palpebral edema and conjunctival hemaor-
rhage (1), The disease is usually self-limited
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and resolves within a week, Kono (2) has
wrillen an excellent review of acute hem-
orrhagic conjunetivitis epidemiology before
1475, Epidemic acute hemorrhagic conjunc-
tivitis first occurred during June 1969 in a
suburh of Accra, Ghana, It spread norih-
ward and westward throughout West Africa
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and reached North Africa by December
1970, Small outbreaks also began in Ija-
karta, Bali, and Vietnam in mid-1969 and
reached major proportions by 1970, By
1971, acute hemorrhagic conjunctivitis in-
volved all South East Asia and extended to
India where more than a million cases were
estimated trom Bombay and Caleutta. Ja-
pan experienced acute hemorrhagic con-
junetivitis between 1971-1972; at this same
time cases were reported from the Middle
East {Bahrein and Saudi Arabial, and small
nosocomially related outbreaks ocourred
throughouwt Furope (London, Retterdam,
Moscow, Yugoslavia). Major acute hemor-
thagic conjunetivitis epidemics involved
singapore, Taiwan, Thailand, and India
during 18974 and 1975,

Acute hemorrhagic conjunctivitis was a
new clinical entity caused by a previously
unknown virus, enterovirus 70 {3, 4}, En-
terovirus 70 appeared to be the major etio-
logic agent during the African and Asian
acule hemorrhagic conjunetivitis outhresks
but adeno 11 and coxsackie A-24 viruses
were also isolated [Tom patients during ep-
idemics (). A post-acute hemorrhagic con-
Junetivitis radiculomyelitis svndrome has
been described (B) and enterovirus 70 is
neurovirulent for monkeys, under experi-
mental conditions (7).

Millions of enterovirus 70 conjunciivitis
cases ocourred throughout the world [or
more than 10 years but remarkably the
pandemic did not spread to the Americas.
Between January and June 1981, extensive
acute hemorrhagic conjunctivitis epidemics
invelved Nigeria, Pakistan, and India. In
February 1951, acute hemorrhagic conjunc-
tivitis was finally documenied from the
New World. The first cases oceurred in
Macapa, Brazil; the epidemic rapidly in-
volved the entire Caribbean Basin includ-
ing Belem, Manaus, Surinam, Gruyana,
Trinidad-Tobago, Columbia, Panama,
Costa Rica, Honduras, Belize, and Cuba
(8). By September 1981 the acute hemor-
rhagic conjunctivitis pandemic reached
Florida (9). Enterovirus 70 was identified
as Lhe etiologic agent; patients from Brazil
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and Honduras seroconverted Lo enterovirus
70 and it was isolated from a patient in Key
West, Florida { 10),

In the Republic of Panama, acute ham-
orrhagic conjunctivitis began in Colon,
Panama’s second largest city and the Pan-
ama Canal’s Atlantic terminus. The first
officially reported scute hemorrhagie con-
junctivitis case oceurred the first week of
August 1981 and by October 8,401 cases
had been reported from Colon. The out-
break spread across the isthmus to Panama
City and then continued westward to the
Costa Hican border. By December 1981,
SO0 cases (primarily in adults) had oc-
curred throughout Panama (8). We did not
isolate enterovirus 70 during the Panama
epidemic even though many specimens
were tested but, in a tube neutralization
assay, several acute hemorrhagic conjunc-
tivitis palients seroconverted to enteravi-
rug Tk

Although acute hemorrhagic conjuncti-
vitis involved all Panama’s major popula-
tion centers, the epidemic was most exten-
sive in Colon where 9,614 reported cases
between August and Decemnber 1981 rep-
resented an overall 14 per cent attack rate.
T ascertain information on acute hemor-
rhagic conjunctivitis  introduction  and
spread within families, measure utilization
of public health services, determine and
compare clinical attack rates with entero-
virug T infection rates, we conducted a
detailed seroepidemiologic study in Colan
Uity on October 3 and 4, 1981,

MATERIALE AND METHODS
Study population

Colon City occupies a Peninsula in Li-
mon Bay, the Caribbean anchorage for the
Panama Canal. It is politically divided by
9th Street into Barrio Nerte and Barrio
Sur. The 1980 census enumerated almost
GO000 inhabitants, just over half lived in
Barrio Norte which is largely residential
and the remainder in Barrio Sur which
contalns an extensive commercial area.

Our  sercepidemiologic  study  was  in-
tended to provide a representative sample
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of residential Colon; it encompassed all
Barrio Norte and the poorest areas of Bar-
ric Sur. We conducted the survey over a
single weeckend to insure that most people
would be at home. In order to maximize
recruitment, major radio  stations  an-
nounced the survey throughoul the preced-
ing Thursday and Friday, Three study
teams of five people each conducted the
survey; a team was responsible for a two-
hlock-wide transect of Colon. Because of
time and logistic limitations, the study pop-
ulation was not selected in a formal ran-
domized fashion; rather, study leams se-
leeted and surveved one or two represent-
ative dwellings per block (figure 1).

Twiz interviewsrs worked at each selected
dwelling. If a residence was unoccupied, the
head of household could nol be found, or
the family refused to participate the next
closest household wias selected. 5 a respon-
sible adult was not present the team at-
tempted to ascertain his (her) whereahouts
and to locate him (her); verbal informed
consent was obtained. Fewer than 1 per
cent of subjects refuzed to participate. In-
formation describing each dwelling was col-
lected and transcribed 1o standard forms.
Epidemiologic and clinical data from each
household resident were ablained by inler-
view and entered onto standardized forms,
Alter the interview Lhe study Lleam collected
a 10-ml venous blocd specimen from all
subjects older than one vear, upon consent
of the adult participanis for themselves and
their children, Interviewers arranged to re-
turn, interview and bleed family members
who were not al home, If a resident could
not be directly interviewed we interviewed
a responsible surrogate,

Survey dota

Information to describe each dwelling in-
cluded address, the tvpe of house, individ-
ual or comemunal toilet facilities, number of
rootns, number of inhabitants, number of
peraonz sleeping per room, and monthly
family income.

Epidemiologic data concerning house-
hold residents included age, sex, race, oc-
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cupation, whether they had had acute hem-
arrhagic conpnetivitis and 10 so the date of
onset, symptoms and their duration, davs
absent {rom work or school, and type of
treatment. An acute hemorrhagic conjune-
tivilis case was defined as having one major
symptom or two minor symploms lasting
at least 24 hours. Major symptoms were:
tearing or mucoserous discharge, ocular hy-
peremis, ocular hemorrhage, and palpebral
edema; minor symploms included ocular
pain, itching, foreizn body sensation, and
photophobia. All information was recorded
on standardized forms and maintained on
interaclive computer files using the CCS5
data processing svstem (11).

Laboratory methods

All blood specimens were collected into
vaculainers which were held on wet ice;
sera were separated the next day, aliquoted,
and stored at =20 C until tested, Antibody
to enterovirus 70 was determined using a
tube neutralization assay: approximately
100 tissue culture mnlective doses of enter-
ovirus 70 were mixed with diluted serum,
incubhated two hours st 34 C and then trans-
terred to tfetal tonsil fibroblast cultures.
Tube cultures were read at seven days after
inoculation and the readers were unaware
of subjects’ clinteal elassification. The high-
est serum dilution which completely pre-
vented eytopathic effects was considered
endpoint, Prototype entercviras 70 (J670/
71 was kindly provided by the Centers for
Disease Control.

Pre-epudemie serologic survey

In June 1978 the Ministry of Health and
Gorgas Memorial Laboratory eonducted a
random zerologic survey of the Republic of
Panama; the purpose wias to assess immu-
nity to vaccinable diseases such as polio,
measles, diphtheria, tetanus, and pertussais,
The survey sample from metropolitan Co-
lon was picked using standard methods (12)
to randomly select census tracts in Barrio
Meorte and Barrio Sur and then randomly
select households within the chosen census
tracts s0 that by surveying all household
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members approximately 1 per cent of the
total population would be included, The
survey obtained 277 sera or 0.8 per cent of
the estimated 1978 Colon population and
these were assayed for antibody to entero-
virug T using the methods described above.

REEULTS

Overall we sampled 127 Colon house-
holds {figure 1), or 1.2 per cent of known
residences, and ohtained epidemiclogic
data concerning 608 inhabilants, 1.6 per
cenl of the 1980 census population. The
study population's age and sex composition
was similar to that enumerated during the
1980 census, but since the sample was de-
termined geographically we undersampled
the lower socioeconomic population con-
centrated to the west of Avenida Martinez,

Overall 336 of G038 (55 per cent) inter-
viewed peaple had acute hemorrhagic con-
junctivitis and the epidemic curve was sim-
ilar to thal estimated by the Ministry of
Health (figure 2. Six per cent of the study
population had consulted a government

Muymber of cares
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clinic because of acute hemorrhagic con-
junctivitis. The earliest case occurred June
L4, but all the remainder dated from August
2 and the epidemic peaked in mid-Septem-
ber. Twenty four cases occurred within five
days of interview. Overall male and female
attack rales were similar, 54 per cent and
37 per cent, respectively; age-specific attack
rates showed that school-age children be-
tween five and 14 vears of age had the
highest risk for developing disease while
people older than 50 were less frequently ill
{table 1).

A significant geographic gradient existed
with respect to acute hemorrhagic eonjunc-
tivitis oceurrence, with the greatest inei-
dence in the western sectors {figure 3. This
reflected a similar sociceconomic gradient;
46 per cent of the families from the poor
and low class sectors had average monthly
household incomes less than $200 and none
had incomes over $1,000; no family in the
middle and upper class sectors earned less
than 3200 per month and 28 per cent had
monthly incomes greater than $1,000: other

T ol erody cases
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TaBLE 1

Age and sex-specific aoewle hemorrkagio congunalivitis attack rates, Colorn, 1857

Ape in vears®
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= Agc was unkoown for ning people.

P Murnher of casesnumber of people querted; per cent of age group reporting acute hemaorrhagic conjuneti-

vitis.
TapLe 2
Acute hemorrhagie vonjunctiuitis attack rates e averase monthly inceme ond sector of residenee, Color, 1951
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* Average monthly househeld inceme was unknown [or 15 people.

b Mumber af cazesinumber al peaple gquerieed.
£ Par cent of guerted popalation wich clinical disease

factors such as age or condition of houses
and housing density also differed markedly
hetwesn sectors,

Since many factors varied with sector of
residence we controlled for this in risk fac-
tor analvsiz. For example, acute hemaor-
rhagic conjunctivilis was more commmon
overall among blacks and mestizos, with 81
per cent having had the disease, than
among whites with a 24 per cent allack rate
or Orientals with a 5 per cent attack rate,
but race-specific attack rates did not differ
when controlled by residence.  Average
manthly household income had an inverse
relation to dizeasze risk and risk varied sig-
nilicantly by sector of residence (table 2,

Crowding was the most important risk
factor for acute hemorrhapic conjunetivitis
and the ellects of crowding were influenced
by tvpe of residence. We quantified crowd-
ing by ascertaining the number of people

sleeping per room and whether the family
had a private bathroom or shared com-
munal sanitary facilities with other fami-
lies, All households in the middle and upper
elass sectors used private bathrooms and
attack rates in people with private bath-
rooms were similar (30-36 per cent) in paor,
low and middle elass sectors. Within the
poor and low class sectors, people using
communal  bathrooms had  significantly
greater acule hemorrhagic conjuneiivitis
attack rates than those with private bath-
roomms, and within these sectors incidence
also inereaszed significantly with increasing
numbers of people per sleeping room (table
3
We aleo collected data to deseribe intra-
farly transmission. We deflined an index
case as the first person with acute hemor-
rhagie conjunctivitis in a family. Fssen-
tially all family members were at equal risk
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TapLe 4
Sewte Bemoretiogio confunelivitis qtiaeh rofes
crenrding to comnienal or individiead batkronm
haissehold coneding for residents of poor and dow
sectors, Colon, VAT

Twpe of bachraom
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¥ 150
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of being the index case and once conjunc-
tivitis nceurred in a family everyvone was at
essentially equal risk for becoming a sec-
ondary case,

The ocular symptom complex was typical
of other acute hemorrhagic conjunetivitis
epidemics. Eighty per cent of cases reported
tearing, itehing and mucoserous discharge:
76 per cent had foreign body sensation; 86
per cent of cazes described conjunctival
injection but only 27 per cent had ocular
hemorrhages. Fever, headache, or gastroin-
lestinal problems were reported in 15-20
per cent of cases and 8 per cent described
mild transient musculoskeletal dysfune
tions,

Acute hemaorrhagic conjunectivitis was a
mild disease of short duration and minimal
short-term sequelae. We ascertained dura-
tion of ocular symptoms from 274 of 336
cases (82 per cent) and 174 (64 per cent)

REEVES ET AL

said they were ill for five or fewer days:
however, duration of disease varied signifi-
cantly with age (table 4). Thirty per cent
of children younger than five years had
symptoms for just one day and the remain-
ing 70 per cent for less than five days, no
suhjects 30 vears or older had svimptoms
for less than 24 hours and 60 per cent of
peaple age 50 or older were sick more than
five davs, Cases were treated by many mo-
dalities including governmental heslth cen-
lers, private physicians, pharmacists and
assorted folk medicines, Type of treatment
was not related to disesse duration,

Sera were collected from 352 of the study
population (58 per cent) and 183 (52 per
cent) had neutralizing antibody to entero-
virus 0. Refusal to give a bload sample was
influenced byv: 1) sector of residence —&3
per cent of upper class sector participants
refused 1o give blood as did 51 per cent of
middle ¢lass sector residents, 34 per cent of
low class sector residents, and 41 per cent
of people from poor sectors; 2) by sex—50
per cent of males and 35 per cent of females
refused; 3) occupation—77 per cent refusal
for preschool children, 50 per cent. for em-
ployed adults, 35 per cent. for students, and
26 per cent for housewives., RHefusal to give
blood was not influenced by whether the
individual had had acute hemorrhagie con-
Junctivitiz, or by race, =anitary facilities or
household crowding. Owverall, 144 of 183
cases (78 per cent) with onset of disease at
least one week before the survey (the min-
imum time required for a measurable anti-

TapLe 4

fhuration of nowlar sympinms i acute hemorekagic conjunetivitis voses by age, Colon, TOR]
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body response) and 29 of 145 people deny-
ing acute conjunctivitis (20 per cent) had
detectable antibody (table 5). Age- and sex-
specific antibody rates paralleled attack
rates as did antibody rates when controlled
for sector, crowding, income, and sanitary
facilities. T'o verify that enterovirug 70 had
not been present in the population before
the epidemic, we tested all 277 sera col-
lected trom Colon during the 1978 random
serologic survey, Only four sera had neu-
tralizing antibody to enterovirus 70 and the
maximum Lilers were 1:4.
Discussion

Colon, a crowded tropical coastal city at
the peak of the rainy season represented a
model setling for acute hemorrhagic con-
junctivitis (13, 14). The Epidemiclogy Sec-
tion, Ministry of Health, Colon detected
the epidemic at its inception, compiled ex-
cellent morbidity statisties (8) and insti-
tuted a control program, Rapid recognition
of the epidemic allowed a detailed popula-
tion survey Lo he conducted immediately
after the epidemic peal, which helped to
minimize recall bias. Our data constitute
the first detailed epidemiologie description
of entercvirus 70 infection on mainland
Latin America,

Previous reports of acule hemoeorrhagic
conjunclivitis indicated that it mainly in-
volves adulte and that males are more fre-
quently affected than females (2, 13} the
Panamanian Ministry of Health data sup-
ported this and also indicated that approx-
imately 14 per cent of Colon’s population

TAaBLE &
Ernteroviris 70 neietralizing anlitody fters aecording
fir clindeal history, Colorn, THENY

Climueal statos

Tiler {lase Mot ase Toial
Moo % Mo, %

=14 K1) 21 114 Al 1348

1:4 a2 15 =3 1 A

13 A2 18 3 2 B

Ll A 0 3 4 A0

1A 11 a5 I 41

* Four cases and one noncase were nol tlcated to
andpolnt.

333

had been ill. In contrast, our study ascer-
tained that 55 per cent of the study popu-
lation reported having had acute hemor-
rhagic conjunctivitis; but only & per cent
had consulted government health centers
because of acute hemorrhagic conjunetivitis
{health centers were the sources of reported
cases). Adults mav be more likely 1o seek
formal medical care hecause they require a
medical certiflicate to document absence
from work and because svmptoms persisted
for a longer time period than in children.
Acute hemorrhagic conjunclivilis atiack
rates exceeded 40 per cent in all age groups
vounger Lhan 50 yvears; five- to 14-year-old
children had the highest attack rates and
women caring for children had the next
highest. Other recent population-based
studies (14, 15) reported age-specific attack
rates similar to those we documented. Both
our study and a study in Florida {15} found
low attack rates in people older than 50,
Enterovirus 70 infection rates, reflected by
serum  neutralizing  antibody, paralleled
clinical attack rates, Only 15 of 54 (28 per
cent) people older than 50 vears had de-
tectable antibody as contrasted to 167 of
29% (56 per cent) people vounger Lthan 50,
[t is possible that older age groups are more
likely to live alone or have less iniimate
contact with children and thus are less
olten exposed to enteravirus 70,

A variety of rislk factors were associated
with acute hemorrhagic conjunctivitis, Li-
cality within Colon and aversge monthly
household income were independently as-
sociated  with  conjunctivitiz  incidence.
However, crowding was the most important
determinant. and the type of bathroom,
communal va. private, constituted the sin-
gle most important risk factor. People using
communal bathrooms were twice as likely
to develop acute ocular disease as people
with private bhachrooms, and this excess
rizk was independent of the number of pea-
ple per sleeping room. However, people who
lived in houses where more than five people
shared sleeping quarters also had a signifi-
canlly elevated acute hemoaorrhagic conjund-
tivitis incidence which was even more
marked in families using communal bath-
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rootms. Knterovirus 70 12 more lkely to be
introduced into families which use com-
munal bathrooms and the probability of
intrafamilial transmission is greater in ex-
cessively crowded households, for example
with many people sleeping together, Gther
studies (3, 15) have reached similar conelu-
sions regarding the importance of personal
hyvgiene and crowding az risk factors but
none have calculated specific risks while
controlling for cofactors.

Interpretation of these risk factors
should take into aceount some methodolog
1cal compromises which were necessary n
order to accomplish the survey. The most
unporlant compromise was our failure to
survey a randomly selected population, The
faed that field work had to be sccomplished
within two davs by a limited number of
people rendered thiz impossible. We sought
to limit systematic biases by assigning
three separate teams parallel transects
across Lhe zame socioeconomic gradient
and by assigning responsibility for selection
of sgample living unite to & trained, experi-
enced epidemiologist who headed each
team. To help select representative living
units each team drove or walked around the
block, prior to sampling, to assess its gen-
eral character. As noled previously, since
the sample was determined geographically
ibv block) the more densely populated
lower socloeconomic areas were undersam-
pled. We could not identily major sampling
hias which would affect the defined risk
[actors. Another important methodologieal
factor invalves our clinical case definition
which 1z highly sensitive ut not a prior
specific for enterovirus 70 acule hemor-
rhamic conjunctivitis, Obwviously, all con-
Junetivitis reported was classified as acute
hemorrhagic conjunctivitis; we presume
that the majority of cases should have been
due to enterovirus 70 and that any nol
enterovirus 70 conjunctivilis cases would
nol exerl a major effect on risk factor anal-
wsis, Indeed, of 183 cases tested, 79 per cent
had antibody to enterovirus 70,

The Colon epidemic study also offered
the opportunity to conduct serologic sur-

ET Al.

veys inoan area where entercvirus 70 had
not oceurred {13}, The four positive sera
collected from Colon residents in 1978 had
tilers of only 14 and probably represented
cross-reactive antibody (13, 16-18). Be-
cause enterovirus T-associated acule hem-
arrhagic conjunctivitis had not occurred
previonsly in Colan, the incidenee of asym-
tomatie infection could be estimated hy
measuring antibody prevalence. The 29 an-
Libedy -positive subjects denyving ocular dis-
ease probably represented a mivture of false
positives and asyvimptomatic infection; for
example 22 (76 per cent) had maximum
antibody titers of only 1:4 and & proportion
of these undoubtly represent cross-reacting
antibody; however, individuals with neu-
tralizing antibody titers more than 1:8 are
likely to represent true enteroviruz 70 in-
fections. [t is reasonable to conclude that
between 4 and 20 per cent of infections are
asvmptomatic, This 1s similar to estimates
from recent ztudies in Florida (15) and
Puerto Rico (19). Sevenly nine per cent of
cases detected by the household survey had
enterovirus 70 antibodies, whieh is similar
to findings from other studies {18}; anti-
body-negative cases may not have serocon-
verted at the time sera were obtained or
may represent conjunctivitis due to other
agents (3), During clinical studies of the
outhreak we incculated 82 eve swab speci-
mens from acutely il patients onto Vero
and fetal tonsil fibroblast cell lines (30 were
alzo inoculated into suckling mice) and 40
throat swab specimens from these patients
were 1noculated onto the same two cell
lines. We isolated adenovirus 37 from one
acule hemorrhagic conjunctivitis case and
also documented seroconversion Lo adenn-
virus 47 in the same individual, Enterovirus
T0 was not 1solated.

Another important reason for condueting
detailed population studies of acute hem-
orrhagic conjunctivitis was to determine
the risk of neurclogic complications follow-
ing disease (5, 20). Panama cllered an ex-
cellent setting to measure this since no
cazes of polio have been diagnosed since
1970, No one interviewed during the Colon
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study reported symptoms of radiculomye-
litis. Approximately 30,000 acute hemeor-
rhagic conjunetivitis cases were reported to
the Panamanian Ministry of Health during
the epidemic. Post-acute hemorrhagic con-
junctivitis neurclogic complications may
ocour i 110000 to 1:15,000 cases (6, 21,
[nereased surveillance at major hospitals
detected two cases resembling radiculomye-
litis, One patient developed a facial nerve
palsy shortly after the onset of acute hem-
orrhagic conjunctivitis but serologic studics
were not done (22); Bell's palsy was re-
ported as complicating acute hemorrhagic
conjunctivitis in Florida (15) and Puerto
Hivo {19) and has been described in India
(23}, Saenz et al, (22) have described de-
tailed studies of the remaining case com-
patible with post-enterovirus 70 neurclogic
disease. This was a 28-vear-old female
school teacher who developed radiculomye-
litis following acute hemorrhagic conjune-
tivitis. A battery of viral cultures and se-
relogic determinations were negative for
agents such as polio and other enterovi-
ruses and antibody to enterovirus 70 Liters
were 1:16 o serum and cerebrospinal fluid.
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