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Outbreak of Japanese Encephalitis on the Island of Saipan, 1990

W. S. Paul, P. S. Moore, N. Karabatsos, S. P. Flood,
S. Yamada, T. Jackson, and T. F. Tsai*

Division of Vector-Borne Infectious Diseases, National Center for
Infectious Diseases, Centers for Disease Control and Prevention, Fort
Collins, Colorado; Commonwealth Health Center, Saipan,
Commonwealth of the Northern Mariana Islands

During October 1990, an outbreak of encephalitis occurred on Saipan. Although no virus was
isolated, patients seroconverted to Japanese encephalitis (JE) virus, indicating the first known
occurrence of JE on US territory since 1947. Ten cases occurred among a population of 40,000.
The prevalence of antibody to JE virus among 234 lifelong Saipan residents surveyed after the
outbreak was 4.2%. Age, household crowding, and lack of air conditioning were risk factors for
infection. The seroprevalence in pigs, which are important amplifying hosts of JE virus, was 96%
(n = 52). None of 288 stored serum specimens from lifelong Saipan residents sampled in 1984
were seropositive. These data suggest that JE virus was recently introduced onto Saipan and that
peridomestic factors affected the risk of human infection. Transmission of JE virus probably
ended with exhaustion of the supply of susceptible amplifying hosts. Surveillance for human
cases and seroconversions in pigs during 1991 revealed no evidence of ongoing JE virus trans-

mission.

Japanese encephalitis (JE) is a mosquitoborne viral dis-
ease indigenous to rural Asia, where it causes tens of thou-
sands of illnesses and thousands of deaths each year [1]. The
disease is associated with a case-fatality rate of 20%-25% and
a high rate of permanent neurologic sequelae among survi-
vors [2, 3]. In humans, JE virus is associated with a high ratio
of subclinical to clinical infection: For each case of clinical
encephalitis, 25-400 individuals may be infected asymptom-
atically or develop only a mild viral syndrome [4-7].

Culex tritaeniorhynchus, which breeds in rice fields and
other flooded areas, serves as the principal vector of the JE
virus throughout much of rural eastern and southern Asia.
The virus is sustained in an enzootic cycle by birds and mos-
quitoes. Pigs play an important role in amplifying the virus
and propagating outbreaks [8, 9].

During October 1990, several patients with suspected viral
encephalitis were treated at the Commonwealth Health
Center (CHC) on Saipan, Commonwealth of the Northern
Mariana Islands (CNMI). Tests of acute-phase serum and
cerebrospinal fluid (CSF) specimens obtained from 5 pa-
tients were negative for IgM to JE virus, dengue viruses 1-4,
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and Murray Valley encephalitis (MVE) virus, which are anti-
genically similar flaviviruses found in the Pacific region. No
autopsies were done in the fatal cases, and delays in transit
caused the CSF and serum specimens to thaw before arrival
at the Centers for Disease Control and Prevention (CDC),
precluding efforts to isolate virus. In December 1990, conva-
lescent-phase serum specimens obtained from 3 patients
were found to have IgM with affinity for both JE and MVE
viruses. Titers of neutralizing antibody in these specimens
were fourfold higher to JE virus than to MVE virus, indicat-
ing that this outbreak was most likely an epidemic of JE.

JE had not been previously reported from Saipan and had
not been reported from a US territory since an outbreak on
Guam in 1947 [10]. The objectives of our investigation in
February 1992 were to document the extent of the outbreak,
to describe risk factors for infection with JE virus, and to
determine whether this outbreak represented a new intro-
duction of JE virus onto the island.

Background and Methods

With a population of 40,000, Saipan is the largest and most
populated island in the CNMI. Because of an expanding tourist
economy, the island has undergone a rapid growth in popula-
tion during the last 10 years due to an influx of migrant labor
from the Philippines, Korea, and China. In addition, large quan-
tities of construction materials and machinery have been im-
ported to Saipan from Pacific Rim countries.

Outbreak investigation. A confirmed case of JE was defined
as a febrile illness (temperature >38.5°C) with one or more
specified symptoms (headache, confusion, seizure, or coma) oc-
curring in a Saipan resident between | September 1990 and 28
February 1991, in whom a fourfold rise in serum antibody titer
to JE virus (without a similar rise in antibody to dengue viruses)
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was demonstrated by serum dilution neutralization or comple-
ment fixation (CF). A probable case was defined as a similar
illness with one serum specimen demonstrating IgM or CF anti-
body to JE virus or with paired specimens demonstrating a four-
fold rise in neutralizing antibody to JE and one or more dengue
viruses. Thus, illnesses compatible with encephalitis in which
antibody was present that suggested recent flaviviral infection
(IgM, CF, or a fourfold change in neutralizing antibody) and
showed broad affinity to JE and the dengue viruses were consid-
ered probable cases of JE in this outbreak.

At the time of the outbreak in October 1990, physicians at
CHC (the only hospital in CNMI) identified 10 suspected cases
of viral encephalitis. To find additional unrecognized cases, in
February 1991 we reviewed hospital discharge records for the
years 1987-1990 and records of CSF examinations and emer-
gency room visits for febrile illness with headache from the
months September 1990 to February 1991. Blood and CSF spec-
imens from these patients were tested for antibodies to JE and
dengue viruses when available. Surveillance of patients evalu-
ated at CHC for illnesses compatible with JE continued through
December 1991.

Community serosurveys. To estimate the prevalence of JE
virus-specific antibody in the general population, we conducted
a cluster-sampled serosurvey [ 1 1] of Saipan residents during Feb-
ruary 1991. Forty-six starting points were identified on a map
within populated areas of the island. Each member of the house-
hold nearest to the designated starting point was interviewed
and asked for a blood specimen. If <7 persons gave specimens
and were interviewed at a given house, adjacent houses were
visited until at least 7 individuals participated. Demographic
information, including duration of residence on Saipan, and a
history of symptoms were recorded for each participant, and
information about household characteristics was obtained for
each household.

To determine whether evidence of previous JE virus transmis-
sion on Saipan existed, we tested stored serum specimens from a
community serosurvey conducted after an outbreak of hepatitis
A in 1984 (unpublished data, CDC, Division of Viral and Rick-
ettsial Diseases) for antibody to JE virus.

To assess rates of infection among potential amplifying hosts
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of JE virus, we analyzed blood samples obtained from pigs and
from a small number of ducks, chickens, dogs, and goats on 28
February and | March 1991.

Serologic testing. Blood specimens were centrifuged to sepa-
rate serum and transported at 4°C to CDC. Serum specimens
from individuals with suspected encephalitis were tested for anti-
bodies by IgM-capture ELISA [12], complement fixation [13],
and serum dilution neutralization tests [14, 15] to JE and den-
gue viruses 1-4. Specimens from the community serosurveys
and the animal serosurvey were screened at a 1:10 dilution for
the presence of neutralizing antibody to JE virus. End-point
neutralization titrations to JE and the dengue viruses were de-
termined for specimens that were positive on initial screening.
Participants demonstrating neutralizing antibody to JE at a titer
at least fourfold higher than the titer to any dengue virus were
considered to have been infected with JE virus.

Results

Outbreak investigation. Ten cases of JE were identified
(3 confirmed, 7 probable), resulting in an island-wide attack
rate of 25/10°. Three patients originally diagnosed as having
possible JE did not meet the case definition, and 3 additional
cases were identified among patients seen in the emergency
room for febrile illness with headache. Seven patients were
hospitalized, 2 of whom died. The patients’ age range was
13-70 years (median, 32; table 1). Three patients had a prior
history of neurologic injury (craniotomy, posttraumatic sei-
zure disorder, cerebrovascular accident). Of the 10 case-pa-
tients, 2 were schoolchildren and 5 were unemployed or re-
tired. Patients’ homes were located in the southern and
western parts of the island (figure 1); the distribution of case
households appeared to reflect that of the general popula-
tion. All patients had onset of illness during a 3-week period
in October 1990 (table 1).

One person had an illness clinically compatible with viral
encephalitis that began 2 weeks before the first documented
case of JE. This patient was a Filipino migrant worker who

Table 1. Characteristics of Japanese encephalitis cases, Saipan, 1990.

Prior CSF CSF

Case Onset  Age, brain Head- Myal- Menin- Con- Sei- Hospital- white blood protein, Case
no. date  sex Occupation  injury ache gia  gismus fusion zure Coma ized Death  cellsymm®  mg/dL type

1 10/11 70,M Retired + + + + + ND ND Probable
2 10/15 67,M Retired + + + 15 127  Probable

3 10/19 13, F Student + + + + + 150 116  Confirmed
4 10/19 22, F Office worker + ND ND Probable

5 10/20 57, F Homemaker + + + + + + + 104 118 Probable
6 10/20 30,F Unemployed + + ND ND  Probable
7 10/22 32, F Unknown + ND ND Probable
8 10/24 15,M Student + + + + + 259 59  Confirmed
9 10/25 25,M Unemployed + + + + + 59 133 Confirmed
10 10/29 61, F Retired + + + ? + + 1 77 Probable

NOTE. ND, not done.
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returned to Saipan from a vacation in the Philippines 2 days
before onset of symptoms and left Saipan for the Philippines
before a diagnostic serum specimen could be obtained. A
convalescent-phase serum specimen obtained from the pa-
tient 18 months later demonstrated broadly reactive neutral-
izing antibody to JE and other flaviviruses. Since recent in-
fection with JE virus could not be documented in this
patient, his illness was not considered a case of JE for the
purposes of this study. None of the patients with confirmed
or probable JE gave a history of travel in the 2 weeks preced-
ing their illness.

1991 community serosurvey. In total, 410 persons in 51
households were surveyed. Serum specimens from 94
(22.9%) of the 410 participants demonstrated neutralizing
antibody to JE virus; 176 of the serosurvey participants
(42.9%) had immigrated to Saipan from the Philippines,
Korea, and other Asian countries where JE or dengue viruses
(or both) are known to circulate and might have been previ-
ously infected with one or more of these flaviviruses. The
prevalence of neutralizing antibody to JE virus (with or with-
out antibody to dengue viruses) in these immigrants to Sai-
pan was 47% (83/176). Eight immigrants (4.5%) had neutral-
izing antibody to JE virus at a titer at least fourfold higher
than the titer to any dengue virus.

Because previous infections with other flaviviruses can in-
duce antibody that cross-reacts with JE virus, we used only
results for residents who had not resided off of Saipan for =1
years to estimate human infections with JE virus occurring
on the island. Of 234 lifelong Saipan residents, 10 (4.3%;
95% confidence interval, 1.6%-6.9%) had JE virus-specific
antibody. None of these 10 seropositive subjects had neutral-
izing antibody to a dengue virus. One case-patient identified
through follow-up of an emergency room visit for febrile ill-
ness with headache was coincidentally a participant in the
community serosurvey and was included both as a case and
as a seropositive survey participant. The remaining 9 seropos-
itive individuals in the survey reported no illness occurring
during September-November 1991.

Seropositive subjects ranged in age from 6 to 40 years
(mean, 23.4); participants >15 years old were more likely to
be seropositive than were children (table 2). In univariate
analysis, Carolinian (minority) ethnicity and lower income
were associated with seropositivity. Outdoor occupation also
appeared to be a risk factor for infection, but relatively few
lifelong Saipan residents sampled were outdoor workers.
Lack of employment was not a risk factor for infection, but 6
of the 10 seropositive persons were retired, unemployed, or
in school.

Seven of 51 households sampled had at least | seropositive
individual. Three of these 7 households had =2 seropositive
household members. This apparent clustering of infections
in households was of borderline statistical significance (P ~
.06, Poisson distribution). Lack of air conditioning and
household crowding were household factors associated with
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Figure 1. Locations of patient households on Saipan.

risk of infection. Household factors not associated with in-
fection included the presence of pigs or other animals on the
premises, a lack of adequate screens in windows and doors,
and the presence of water in containers or on the ground
(stagnant pools or marshy areas).

In a multivariate logistic regression analysis (not shown),
lack of air conditioning, household crowding, and age >15
years remained significant risk factors for seropositivity to
JE, whereas outdoor occupation, income, and ethnicity were
not significant after adjustment for these other factors.

1984 community serosurvey. To determine whether JE
virus circulated on Saipan before 1990, stored serum speci-
mens from a hepatitis survey done in 1984 were tested for JE
antibodies. None of the 288 specimens from lifelong Saipan
residents surveyed at that time was positive (estimated upper
95% confidence limit, 0.68%).

Animal serosurvey. About one-third of families in areas
surveyed kept 1-3 pigs in pens a short distance from their
homes. In addition, several pig farms on the island kept up to
60 pigs. A review of quarantine logs showed no record of
recent importation of pigs from any country where JE oc-
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Table 2. Risk factors for asymptomatic Japanese encephalitis
virus infection among lifelong residents of Saipan.

No. (%) Total Relative risk
Factor positive tested (95% CI)
Age
>15 years 8(7) 111 4.4 (1.0-20.4)
<15 years 2(2) 123
Sex
Male 5(5) 107 1.2 (0.4-4.0)
Female 5(4) 127
Ethnicity
Chamorro (majority) 5(3) 168* NA
Carolinian (minority) 5(10) 48
Other 0 18
Employed outdoors
Yes 2(17) 12 4.4 (1.1-18.7)
No 8(4) 213
Air conditioning
No 9(8) 118 8.9 (1.1-68.7)
Yes 1(1) 116
Household crowding®
1-2.99 2(2) 118* NA
3-4.99 4(4) 94
5-6.99 4(18) 22
Household income
<US $10,000 7(8) 93 3.5(1.0-12.2)
=US §10,000 3(2) 141
Adequate screens
No 5(6) 83 1.8 (0.5-5.9)
Yes 5(3) 146
Open water containers
Yes 7(5) 152 1.3(0.3-4.7)
No 3(4) 82
Surface water or marsh
Yes 5(4) 137 0.7 (0.2-2.4)
No 5(5) 97
Pigs on premises
Yes 4(4) 95 1.0 (0.3-3.4)
No 6(4) 139

NOTE. CI. confidence interval; NA, not applicable.

* P < .05, 2 X 3 Fisher’s exact test.

* Crowding index = no. of persons in household/number of rooms used
for sleeping.

curs. All fowl imported to Saipan (ducks, chickens, fighting
cocks, and exotic birds) were imported from the United
States.

On 28 February and 1 March 1991, serum specimens were
obtained from 70 domestic animals at 14 sites in the south-
ern half of the island. Fifty (96%) of 52 pigs and 7 of 7 ducks
tested were positive for JE antibody. In small samples of
chickens, dogs, and goats, the seroprevalence rates were 0
(0/5), 83% (5/6), and 67% (2/3), respectively.

Follow-up studies, 1991. No further cases of JE were
identified during 15 months of surveillance following this
outbreak. A sample of 20 seronegative pigs from various lo-
cations on the island that had been born after the outbreak
were tested for seroconversion to JE virus biweekly during
the peak rainy season (October and November 1991). None

JID 1993;167 (May)

of these pigs showed evidence of infection with JE virus. In
addition, specimens from 36 ducks, 49 chickens, and 14 pi-
geons collected at several sites on Saipan in September 1991
demonstrated no antibody to JE virus.

Discussion

Although the etiology of this discrete outbreak of encepha-
litis was not proved by isolation of a virus from clinical speci-
mens, the epidemiologic and serologic evidence indicates
that the most likely agent was JE virus. This represents the
first recorded occurrence of JE on Saipan and the first out-
break of JE in a US territory since 1947. The outbreak began
and ended within 3 weeks. An island-wide serosurvey done
after the outbreak revealed a relatively low seroprevalence in
humans, and testing of serum specimens from a 1984 sero-
survey did not reveal evidence of previous JE infections on
Saipan. A high seroprevalence after the outbreak was ob-
served in pigs, which are important amplifying hosts of JE
virus. C. tritaeniorhynchus mosquitoes have recently been
found in abundance on Saipan, and this species is suspected
to have been the mosquito vector there, as it is throughout
most JE-endemic areas of Asia [16, 17].

The absence of antibody to JE virus among participants in
the 1984 community serosurvey and the lack of JE cases
occurring before October 1990 suggest that this outbreak fol-
lowed an introduction of JE virus to Saipan rather than an
intensification of previously undetected viral transmission.
The low seroprevalence in the community following this
outbreak is also consistent with recent introduction of JE
virus, since seroprevalence in areas with annual epidemics is
generally higher and approaches 100% in adults [18, 19].

Possible routes of introduction of JE virus onto Saipan
include importation of a viremic animal, introduction by a
viremic migratory bird, importation of infected mosquitoes
or mosquito eggs, or introduction by a viremic human. Im-
portation of a viremic animal is unlikely, because domestic
animals known to be important sources of JE virus were not
imported to Saipan. Introduction by a viremic migratory bird
is possible, as several species of birds that migrate from JE-
endemic countries have been reported in the CNMI [20]. Of
these, the black-crowned night heron (Nycticorax nycticorax
nycticorax), the plumed egret (Egretta intermedia interme-
dia), and the cattle egret (Ardeola ibis) can develop viremia
at levels capable of infecting mosquitoes [21-23]. We found
no specific evidence of mosquitoes or eggs being inadver-
tently imported to Saipan by air or by sea.

The hypothesis that JE was introduced to Saipan by a vire-
mic person was raised by the occurrence of clinically diag-
nosed encephalitis in a man only 2 days after his arrival from
the Philippines and 10 days before onset of the first JE case.
Because the minimum incubation period of JE virus in mos-
quitoes is 6-7 days [24] and in humans is thought to be at
least 5 days, transmission from this man to the first case-pa-
tient by a mosquito—without an intermediate amplifying
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host—would probably be required if he were the source of
JE virus. Viremia with JE in humans has been documented
occasionally [25-27], but it is not known whether it occurs at
levels capable of infecting mosquitoes. We consider it un-
likely that this patient’s illness played a role in this outbreak.

Transmission of JE on Saipan probably ended because
there was a limited number of susceptible amplifying hosts
on the island. This is suggested by the very high prevalence
of antibody in pigs, which act as important amplifying hosts
of JE virus in Asia and are the preferred hosts of C. tritaenio-
rhynchus [9]. Studies of JE on Taiwan [28] and in Japan
[29], areas known to have annual transmission of JE virus,
have demonstrated that seroconversions in pigs in a given
locality occur quickly and completely and precede outbreaks
of human cases by ~2 weeks. Annual epidemics in these
areas are thought to be facilitated by a high birth rate in pigs,
which produces a pool of susceptible amplifying hosts, and
annual reintroduction of JE virus via infected migratory
birds or mosquitoes [30] or from local foci where JE virus
may survive the winter [31].

The results of the serosurvey suggest that infections with
JE virus occurred primarily at or near the homes of affected
persons. Two of the strongest risk factors found were house-
hold factors: lack of air conditioning and household crowd-
ing. Because C. tritaeniorhynchus mosquitoes infrequently
seek meals inside buildings [32], and adequately screened
windows and doors were not associated with protection from
infection, it is possible that individuals were infected primar-
ily outside their homes. For example, members of house-
holds that are crowded or lack air conditioning might spend
more time outdoors during the evening hours of peak mos-
quito feeding.

Three of the 10 case-patients had a clear history of a struc-
tural brain abnormality preceding JE. Although the preva-
lence of neurologic injury in Saipan residents of similar age
without JE is not known, this observation raises the hypothe-
sis that antecedent brain injury may be a risk factor for pro-
gression from viral infection to encephalitis. This hypothesis
is supported by autopsy studies that have found a dispropor-
tionate prevalence of pathologic evidence of cerebral cysti-
cercosis in patients with fatal JE [33, 34].

Evidence presented here suggests that transmission of JE
virus did not occur on Saipan in 1991. If the virus has not
become established in an enzootic cycle on Saipan, then the
risk of future cases will depend on the likelihood of reintro-
duction of JE virus to the island. However, the introduction
of JE virus to the islands of Micronesia appears to be a very
rare event, having been reported only on Guam in 1947 and
in the outbreak described here.

Acknowledgments

We thank Berthilla C. John, Luis T. Castro, Mario Roppul,
and Fermin Sakisat at the CNMI Department of Public Health
for assistance with the field investigations; Teri Tripp at CHC
for laboratory assistance; Joaquin De La Cruz for assistance with

Japanese Encephalitis on Saipan 1057

the animal survey; Ray Bailey for statistical advice; C. Bruce
Cropp, Theresa Brown, and David J. Muth for serologic testing;
and Carl Mitchell for surveying domestic fowl.

References

1. Umenai T, Krzysko R, Bektimirov TA, Assaad FA. Japanese encephali-
tis: current worldwide status. Bull WHO 1985;63:625-31.

2. Burke DS, Lorsomrudee W, Leake CJ, et al. Fatal outcome in Japanese
encephalitis. Am J Trop Med Hyg 1985;34:1203-10.

3. Schneider RJ, Firestone MH, Edelman R, Chieowanich P, Pornpibul
RV. Clinical sequelae after Japanese encephalitis: a one year follow-
up study in Thailand. Southeast Asian J Trop Med Public Health
1974;5:560-8.

4. Benenson MW, Toop FH, Gresso W, Ames CW, Alstatt LB. The viru-
lence to man of Japanese encephalitis virus in Thailand. Am J Trop
Med Hyg 1975;24:974-80.

5. Ketel WB, Ognibene AJ. Japanese B encephalitis in Vietnam. Am J
Med Sci 1971;261:271-9.

6. Halstead SB, Gross CR. Subclinical Japanese encephalitis. 1. Infection
of Americans with limited residence in Korea. Am J Hyg
1962;75:190-201.

7. Halstead SB, Russ SB. Subclinical Japanese encephalitis. II. Antibody
responses of Americans to single exposure to JE virus. Am J Hyg
1962;75:202-11.

8. Huang CH. Studies of Japanese encephalitis in China. Adv Virus Res
1982;27:71-101.

9. Sherer WF, Moyer JT, Izumi T, Gresser I, McCown J. Ecological stud-
ies of Japanese encephalitis in Japan. V1. Swine infection. Am J Trop
Med Hyg 1959:8:698-706.

10. Hammon WM, Tigertt WD, Sather GE. Epidemiologic studies of con-
current *virgin™ epidemics of Japanese B encephalitis and of mumps
on Guam, 1947-1948, with subsequent observations including den-
gue, through 1957. Am J Trop Med Hyg 1958;7:441-66.

11. Lemeshow S, Robinson D. Surveys to measure programme coverage
and impact: a review of the methodology used by the expanded pro-
gramme on immunization. World Health Stat Q 1985;38:65-75.

12. Burke DS, Nisalak A, Ussery MA, Laorakpongse T, Chantavibul S.
Kinetics of IgM and IgG responses to Japanese encephalitis virus in
human serum and cerebrospinal fluid. J Infect Dis 1985;151:1093-
9.

13. Casey HL. Adaptation of the LBCF method to microtechnique. In:
Standardized diagnostic complement fixation method and adapta-
tion to micro test. Washington, DC: US Government Printing Office,
1965; Public Health Service monograph 74 (PHS publication no.
1228).

14. Lindsey HS, Calisher CH, Mathews JH. Serum dilution neutralization
test for California group virus identification and serology. J Clin Mi-
crobiol 1976;4:503-10.

15. Chappell WA, Sasso DR, Toole RF, et al. Labile serum factor and its
effect on arbovirus neutralization. Appl Microbiol 1971;21:79-83.

16. Mitchell CJ, Savage HM, Smith GC, Flood SP, Castro LT, Roppul M.
Japanese encephalitis on Saipan: a survey of suspected mosquito vec-
tors. Am J Trop Med Hyg (in press).

17. Savage HM, Mitchell CJ, Roppul M, Castro LT, Kepple RL, Flood SP.
Mosquito faunal survey of Saipan: taxonomy and larval ecology.
Mosquito Systematics (in press).

18. Wang SP, Grayston JT. Encephalitis on Taiwan. IV. Human serology.
Am J Trop Med 1962;11:149-54.

19. Hoke CH, Nisalak MD, Sangawhipa N, et al. Protection against Japa-
nese encephalitis by inactivated vaccines. N Engl J Med
1988:319:608-14.

20. Baker RH. The avifauna of Micronesia, its origin, evolution, and distri-
bution. Lawrence, KS: University of Kansas, 1951.

21. Buescher EL, Scherer WF, McClure HE, et al. Ecologic studies of Japa-

This content downloaded from 157.229.214.100 on Mon, 14 Oct 2019 18:55:32 UTC
All use subject to https://about.jstor.org/terms



1058

22

23.

24.

25.

26.

27.

28.

nese encephalitis in Japan. IV. Avian infection. Am J Trop Med Hyg
1959:8:678-88.

Scherer WF, Buescher EL, McClure HE. Ecologic studies of Japanese
encephalitis virus in Japan. V. Avian factors. Am J Trop Med Hyg
1959;8:689-97.

Soman RS, Rodrigues FM, Guttikar SN, Guru PY. Experimental virae-
mia and transmission of Japanese encephalitis virus by mosquitoes in
ardeid birds. Indian J Med Res 1977;6:709-18.

Takahashi M. The effects of environmental and physiological condi-
tions of Culex tritaeniorliynchus on the pattern of transmission of
Japanese encephalitis virus. J Med Entomol 1976;13:275-84.

Chan YC, Loh TF. Isolation of Japanese encephalitis virus from the
blood of a child in Singapore. Am J Trop Med Hyg 1966;15:567-72.

Hermon YE, Andarajah M. Isolation of Japanese encephalitis virus
from the serum of a child in Ceylon. Ceylon Med J 1974;19:93-9.

Kedarnath N, Prasad SR, Dandawate CN, Koshy AA, George S, Ghosh
SN. Isolation of Japanese encephalitis and West Nile virus from pe-
ripheral blood of encephalitis patients. Indian J Med Res 1984;79:1-
7.

Okuno T, Mitchell CJ, Chen PS, Wang JS, Lin SY. Seasonal infection

Paul et al.

29.

30.

31

32.

33.

34.

JID 1993;167 (May)

of Culex mosquitos and swine with Japanese encephalitis virus. Bull
WHO 1973;49:347-52.

Konno J, Endo K, Agatsuma H, Ishida N. Cyclic outbreaks of Japanese
encephalitis among pigs and humans. Am J Epidemiol 1966;
34:292-300.

Rosen L. The natural history of Japanese encephalitis virus. Annu Rev
Microbiol 1986;40:395-414.

Takashima I, Watanabe T, Ouchi N, Hashimoto N. Ecological studies
of Japanese encephalitis virus in Hokkaido: Interepidemic outbreaks
of swine abortion and evidence for the virus to overwinter locally.
Am J Trop Med Hyg 1988;38:420-7.

Mitchell CJ, Chen PS, Boreham PFL. Host-feeding patterns and be-
haviour of 4 Culex species in an endemic area of Japanese encephali-
tis. Bull WHO 1973;49:293-9.

Shankar SK, Vasudev Rao T, Mruthyunjayanna BP, Gourie Devi M,
Deshpande MG. Autopsy study of brains during an epidemic of Japa-
nese encephalitis in Karnataka (South India). Indian J Med Res
1983;78:431-40.

Liu YF, Teng CL, Liu K. Cerebral cysticercosis as a factor aggravating
Japanese B encephalitis. Chin Med J 1957;75:1010-7.

This content downloaded from 157.229.214.100 on Mon, 14 Oct 2019 18:55:32 UTC
All use subject to https://about.jstor.org/terms



	Contents
	1053
	1054
	1055
	1056
	1057
	1058

	Issue Table of Contents
	The Journal of Infectious Diseases, Vol. 167, No. 5 (May, 1993), pp. 997-1266
	Front Matter
	IDSA Meeting Presentation
	Role of Superantigens in Human Disease [pp. 997-1002]

	Major Articles
	Vitamin A, Infectious Disease, and Childhood Mortality: A 2¢ Solution? [pp. 1003-1007]
	Early Viremia and Immune Responses in Vertical Human Immunodeficiency Virus Type 1 Infection [pp. 1008-1013]
	Early Identification of Human Immunodeficiency Virus-Infected Asymptomatic Subjects Susceptible to Zidovudine by Quantitative Viral Coculture and Reverse Transcription-Linked Polymerase Chain Reaction [pp. 1014-1020]
	Identification of a Type-Specific Protein that Differentiates Serologically between Human T Cell Lymphotropic Virus Types I and II [pp. 1021-1026]
	Viral Inactivation of Vesicular Stomatitis Virus in Normal Human Serum by Cross-Linked Polyvinylpyrrolidone [pp. 1027-1033]
	Candidate Recombinant Vaccine for Human B19 Parvovirus [pp. 1034-1044]
	Induction and Enhancement of Immune Responses to Herpes Simplex Virus Type 2 in Humans by Use of a Recombinant Glycoprotein D Vaccine [pp. 1045-1052]
	Outbreak of Japanese Encephalitis on the Island of Saipan, 1990 [pp. 1053-1058]
	Death after Pichinde Virus Infection in Large and Small Strain 13 Guinea Pigs [pp. 1059-1064]
	The 5C Protein of Neisseria meningitidis Is Highly Immunogenic in Humans and Induces Bactericidal Antibodies [pp. 1065-1073]
	Invasion of Human Skin Fibroblasts by the Lyme Disease Spirochete, Borrelia burgdorferi [pp. 1074-1081]
	Dynamics of Borrelia burgdorferi Transmission by Nymphal Ixodes dammini Ticks [pp. 1082-1085]
	Induction of Interleukin-1 Release by High- and Low-Passage Isolates of Borrelia burgdorferi [pp. 1086-1092]
	Clinical and Serologic Evaluation of Neonates for Congenital Syphilis: A Continuing Diagnostic Dilemma [pp. 1093-1099]
	VDRL Antibodies Enhance Phagocytosis of Treponema pallidum by Macrophages [pp. 1100-1105]
	Multistrain Outbreak of Chancroid in San Francisco, 1989-1991 [pp. 1106-1111]
	Molecular Epidemiology of Group A Streptococcus M Type 1 Infections [pp. 1112-1117]
	Prevention of Group B Streptococcal Colonization and Bacteremia in Neonatal Mice with Topical Vaginal Inhibitors [pp. 1118-1122]
	Inhibition of Platelet Binding and Aggregation by Streptococcal Exopolysaccharide [pp. 1123-1130]
	Ethanol Impairs Neutrophil Chemotaxis in vitro but Not Adherence or Recruitment to Lungs of Rats with Experimental Pneumococcal Pneumonia [pp. 1131-1137]
	Legionella pneumophila Replicates within Rat Alveolar Epithelial Cells [pp. 1138-1145]
	Attachment and Entry of Legionella pneumophila in Hartmannella vermiformis [pp. 1146-1150]
	Inhibition of Lipid A- and Lipopolysaccharide-Induced Cytokine Secretion, B Cell Mitogenesis, and Lethal Shock by Lipid A-Specific Murine Monoclonal Antibodies [pp. 1151-1159]
	The Major Secreted Antigen Complex (Ag 85) from Mycobacterium bovis Bacille Calmette-Guérin Is Associated with Protective T Cells in Leprosy: A Follow-Up Study of 45 Household Contacts [pp. 1160-1167]
	䥮摵捴楯渠潦⁔畭潲⁎散牯獩猠䙡捴潲ⴃ넠楮⁍畲楮攠䍡湤楤愠慬扩捡湳⁉湦散瑩潮⁛灰⸠ㄱ㘸ⴱㄷ㉝
	Response to Treatment for an Intracellular Infection in a T Cell-Deficient Host: Toxoplasmosis in Nude Mice [pp. 1173-1177]
	Heterogeneity in Filarial-Specific Immune Responsiveness among Patients with Lymphatic Obstruction [pp. 1178-1183]

	Concise Communications
	Concurrent Use of Ganciclovir and Foscarnet to Treat Cytomegalovirus Infection in AIDS Patients [pp. 1184-1188]
	Anti-gp160 IgG and IgA Antibodies Associated with a Large Increase in Total IgG in Cervicovaginal Secretions from Human Immunodeficiency Virus Type 1-Infected Women [pp. 1189-1192]
	Acid Dissociation of Immune Complexes Improves Diagnostic Utility of p24 Antigen Detection in Perinatally Acquired Human Immunodeficiency Virus Infection [pp. 1193-1196]
	Association of Human Herpesvirus 6 Infection of the Central Nervous System with Recurrence of Febrile Convulsions [pp. 1197-1200]
	Coxsackievirus B2 Infection and Aseptic Meningitis: A Focal Outbreak among Members of a High School Football Team [pp. 1201-1205]
	Humoral Immune Response of Humans to Lipooligosaccharide and Outer Membrane Proteins of Haemophilus ducreyi [pp. 1206-1210]
	Immunogenicity of Haemophilus influenzae Type b Conjugate Vaccine in Children with Congenital Asplenia [pp. 1210-1212]
	Decline in Meningococcal Antibody Levels in African Children 5 Years after Vaccination and the Lack of an Effect of Booster Immunization [pp. 1212-1216]
	Ribotyping of Pseudomonas aeruginosa Strains Isolated from Surgical Intensive Care Patients [pp. 1216-1220]
	The vanB Gene Confers Various Levels of Self-Transferable Resistance to Vancomycin in Enterococci [pp. 1220-1223]
	In vivo Development of Teicoplanin Resistance in a VanB Enterococcus faecium Isolate [pp. 1224-1227]
	Typhoid Fever at a Resort Hotel in New York: A Large Outbreak with an Unusual Vehicle [pp. 1228-1232]
	Direct Inoculation of Food as the Cause of an Outbreak of Group A Streptococcal Pharyngitis [pp. 1232-1235]
	Disparity of Borrelia burgdorferi Infection Rates of Adult Ixodes dammini on Deer and Vegetation [pp. 1236-1238]
	Postexposure Prophylaxis against Experimental Inhalation Anthrax [pp. 1239-1243]
	Geographic Variation in the Humoral Response to Pneumocystis carinii [pp. 1243-1247]
	Secular Trends in the Epidemiology of Nosocomial Fungal Infections in the United States, 1980-1990 [pp. 1247-1251]
	Increased Exposure to Cryptosporidia among Dairy Farmers in Wisconsin [pp. 1252-1255]

	Correspondence
	Human Immunodeficiency Virus Transmission and Oral Contraceptives [with Reply] [pp. 1256-1258]
	Fever and Infection in the Age since Wunderlich [with Reply] [pp. 1258-1259]
	þÿ�þ�ÿ���þ���ÿ�������R�������a�������c�������i�������a�������l������� �������D�������i�������f�������f�������e�������r�������e�������n�������c�������e�������s������� �������i�������n������� �������S�������e�������r�������u�������m������� �������²��� �����������-�������M�������i�������c�������r�������o�������g�������l�������o�������b�������u�������l�������i�������n������� �������i�������n������� �������P�������e�������r�������s�������o�������n�������s������� �������w�������i�������t�������h������� �������H�������u�������m�������a�������n������� �������I�������m�������m�������u�������n�������o�������d�������e�������f�������i�������c�������i�������e�������n�������c�������y������� �������V�������i�������r�������u�������s������� �������I�������n�������f�������e�������c�������t�������i�������o�������n������� �������[�������p�������p�������.������� �������1�������2�������5�������9�������-�������1�������2�������6�������0�������]
	Gastrointestinal Carriage of Listeria monocytogenes in Household Contacts of Patients with Listeriosis [pp. 1261-1262]
	Bactericidal Activity of Human Sera against a Brazilian Purpuric Fever (BPF) Strain of Haemophilus influenzae Biogroup aegyptius Correlates with Age-Related Occurrence of BPF [pp. 1262-1264]

	Back Matter



