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FOREWORD

In conducting the rescarch described in this report, the investigators a.hered
to the "Guide for Laboratory Animal Facilities and Care," as promulgated bv
rhe Committee on the Guide for Laboratory Animal Facilities and Care of the
In~+itute of Laboratory Animal Resources, Mational Academy of Sciences -

Jational Research Council,




SUMMARY

The various subjects covered in this report are listed in the Table of Contents.
Abstracts of the individual investigations are included on the DD Form 1498
introducing each work unit report, and names cf investigarors are given at the
beginning of each rcport.
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Project 3AN052110A806 MILITARY PREVENTIVE MEDICNE ‘

Task 00 Military Preventive Medicine

Work Unit 030 Global health data

Investigators
Principal: CCL Hinton |, Baker, MC
Associates: Ann C, Fred, M, D,; Eleanor 2, Ccess, M,A,, and Franzes K,
McAllister, B, A.

1

3. Siatement of the Problem

Any medical deparrment operationai plan requires an estimate of trauma
and diseasc on which to base estimates of treatment and disease prevention fa-
cilities and measures, Estimates of battle injuries, vehicle accidents, ccld
injury, and beat injury are rcilatively well developed, Reliable estimates of
infectious disease risks are vastly more compler and require systematization.

2. Background

Planning to cope with real disease risks was shown to be inadequate in the
Lebanon landings in July 1958, The planning to cope with disease was still in-
adequate for overseas deploymer’ of U, 8, soidiers in Vietnam in 1965-1967,

9
3

. Approach

A system to continually upgrade by new pertinent information the ability to
describe disease risks quantitatively by specific place and specific time or the
land areas of the earth, This system will be defined by explicit rules so thac

many disease specialists who desire to cooperate with the Armed Forces can
contribute their knowledge in a form for continuing active use,

4. Resulis

a. A schema for disease specialists to mentally interact toward determin-
ing specific disease risks has been created,

b. A set of working rules of the system has been created and tested with
data for Rocky Mountain Spotted Fever, schistosomiasis, and leptospirosis.
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c. A proforna sheet has been developed to accnmmodate :iin extract of
an information element of any disease,

d. .\ computer program has ! ven adapted to sevvice the system,

e. A microfiche system has been integrated to provide convenient provi-
sion of any basic documert utilized by the system,

f. The system prasently contains 15,000 elements of information inzluding
both extracts and concepts and n.aking exglicit the reasoning for potentials for
spotted fever in Western United Stuies and Canada, and the basis for several
spot potentials on schistosomiasis and leptnspirosis, Seven hundred thirt; -five
documents have been accessinned from which the information elements have been
drawn,

5. Conclusion

The number of available biological data elements for this purpose are not as
large as presumed prior to the undertaking,

The necessity to relate biological factors io physical parameters or deter-
minants is seen to be important because of the more complete and accurate phys-

ical data for the earth's land areas,

Tte progress to date by 4 to 5 workers indicates that world-wide estimates
of disease potentials for many diseases are feasible in a period of five years,

6, Recommendations

Encourage selected disease specialists to interact with the system and pro-
vide support for this interaction,
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Froject 3A062110A876 MILITARY PREVENTIVE MEDICINE 1
Task 00, Military Preventive Medicine

Work Unit 032, Piiot study to determine hearing impairment
amorgq Separating Army personnel

Investigators.
Principal: LTC Craig H. Llewellyn, MC
Associate: MAJ Alan S. Morrison, MC

PROBLEM: A preliminary review of separation physical
examinations processed by the Office of The Surgeon General,
OTSG, revealeé that impairment of hearing acuity is a com-
monly listed scparation diagnosis. Over a third of the
examination forms in one small series (38 percent of 47)
listed some degree of hearing impairment. Since this
frequency is considerably higher than that reported for
civilian populations, a pilot investigation of this appar-
ent excess in hearing impairment was initiated.

BACKGROUND: Although the U.S. Army Medical Department
pioneered in establishing hearing conservation programs
during World War II, deafness and impaired hearing have
continued to occur among thcse on active duty. The 1954
Annual Repoxrt of The Surgeon General listed 1110 cases of
deafnass or impaired hearing, of which only 245 were cited
as existing priov to service. The average case was lost
from duty for a period of more than 70 days. One hundred
eighty-seven separations from active duty occurred, but
this number underestimates the problem because the criteria
for disability separation have been restrictive.,

A more recent annual report from The Surgeon General
(195%; provided information on the financial compensation
associated with hearing impairment. Over a decade ago,
$30 million was being paid annually by the Veterans Adminis-
tration for hearing loss incurred in military service, and
inflationary trends would make present costs still greater.

The need for hearing acuity above minimum levels is
well recogr.ized in military assignments, and is reflected
in procurement hearing standards. However, various military
activities require personnel to work where ncise may reach
levels capable of p.oducing both temporary and permanent
heaxring deficits. While efforts have been made to control
noisy environments and to monitor hearing acuity, hearing
impairment continues to occur. Present Army hearing conser-
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vation programs point out these dangers, but aaditional
emphasis end fu..ther research on preventive and zontrol
measures may well be appropriate.

The specific aime of this project were: (1) to survey
a sanple of separating Army personnel for the frequency
and degree of hearing impairment as recorded on separation
medical examination forms; (2) to compare the demographic
characteristics available frcm this form for those with and
those without recorded hearing impairments.

APPROACH TO THE PROBLEM: The records reviewed in this
survey were those of separating Army personnel whose separa-
tion medical records were forwarded to The Surgeon General's
Office. Army requlations (AR 635-100 and AR 635-200) provide
that personnel retiring for length of service or resigning
for selected reasons must undergo a medical examination
within six months of separation, and the results.of this
examination must be reviewed. However, only the examination
records of personnel who are medically fit for retention on
active duty are forwarded for review. Personnel who have
conditions which make them candidates tfor disability compen-
sation are not included in this survey, since records of
such personnel are reviewed through other administrative
channels. Therefore, the sample consists of separating

Army personrel who have no condition which makes them medi-
cally unfit to continue military service.

During a one-month period 1738 medical records were
reviewed. Each record included a standardized form for
recording findings from the clinical examination (Standard
Form 88). From each form the following information was
cbtained:

(1) military rank

(2) sex

(3) ethnic backgreund

(4) total years of active military service

(5) results of audiometric testing fcr hearing acuity

(6) medical diagnosis (if any) summarizing the findings
of the examination




These inedical diagnoses were then classified according to
the Eighth International Classification cf Diseases Adapted
(ICDA8) . In this study hearing impairment means that
diagnostic statements consistent with ICDA? node numbers
389.0 (deafness in both ears), 389.1 (deafn.3s in one ear
and partial deafness in othevr), 389.2 (deaf.iess in one =ar)
and 389.9 (impairment of hearing in one or both ears) were
recorded as a summarizing diagnos.is on the standard form.

In the resultr which follow 42 records were excluded
from original sample of 173&. The er-:luricns were made
because of female sex (39), unknuwn se: (1), unknown xenk
(1), and unknown ethnic background (1). Th2 remaining 1698
records provide estimates of hearing impairment awmong males
specific for age, rank, length of service and ethnic
background.

RESULTS AND DISCUSSION: Table 1 presents the age distribu-~
tion of the total sample as well as for cach of 4 rank and
ethnic groups. ibout 84 percent of the sample are white

and about 28 percent are officers. The white enlisted group
is more than twice as large as the next larger group; the

19 nonwhite officers comprise slightly over 1 percent of

the sample. Officers have a wider age range than dc
enlisted personnel.

Table 2 presents information on the length of service
for each rank and ethnic group. Almost 90 percent of the
sample have 20 or more years of service. As with age,
variation in length of service is greater among officers
than among enlisted personnel., Ninety-five had less than
15 years of service, and of these 90 were white officers.

Information on the percent with img .ired hearing by
age for each of the 4 rank and ethnic gruup is presented in
Table 3. When the total sample is considered, those under
35 years of age experience the lowest rate of impaired
hearing (10.5 percent). At age 35 however, the rate is 35,2
percent and the proportion remains near or abcve that level
for all older ages. One third of the total group have some
measurable degree of hearing impairment.

Only the group of white officers shows a consistent
increase in hearing impairment with increasing age. White
officers in the 2 youngest age categories have relatively
low rates of impairment, but by age 40 and older the records
of about a third or more indicate evidence of hearing impair-
meunt. White enlisted men have comparatively high rates in
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all age categories and have the l.ighest overall percent

{ impairment among “hese groups (39.3 percent). By contrast,
nonwinite enlisted personnel have relatively low rates and
the lowest total rate of impairment ia the proportion
impaired (22.2 percent). Neither enlisted group shows
consistent change with age.

) The rates for whites are higher than the rates for
nonwhites for all ages except under age 35 years. The

total rate for whites (35.8 percent, 513/1434) is almost

60 percent higher than the total nonwhite rate (22.5 per-

cent, 59/262). Enlisted personnel have higher raies than '

officers at all ages. Overall, the enlisted rat= of 35.9

percent (438/1219) is 27.8 percent greater than the officer

rate (28.1 percent, 134/477).

| When hearing impairment for the 4 rank and ethnic

, groups is considered by length of service (Table 4), no
consistent pattern emerges for any group. For the total
group those with less than 20 years of service have the
lowest rate (19.3 percent). With 20 years of service
impairment is found in about 35 percert, ané the percent 1
impaired remains near that level for all longer periods of ‘
service., When the specific groups are considered, only 1
white officers with less than 20 years of service have a
relatively low rate of impaired hearing. The other 3
groups give no evidence of spared hearing with terms of
service less than 20 years. In fact nonwhite enlisted
personnel have the highest rate of impairment among those

} with under 20 years of service.

When the combined effect of age and length of service
on hearing impairment was considered, no consistent pattera
relating the proportion with impaired hearing to age and
length of service was demonstrated for any group. Even
! the white officers who showed an increasing frequency of

hearing impairment with increasing age failed to demonstrate |
| this pattern for specific durations of service. The prima-
ry observation to be made is that the frequency of impaired

hearing is high among all personnel aged 35 years or older \
or serving 20 years of more with relatively small fluctua-
) tions from the overall average of about one-third impaired.

Hearing thresholds at 4 pure tone frequencies (500,
I 1000, 2000 and 4000 Hz) were also obtained from the
’ records of the separation medical examination. The
proportion of individuais with pure tone thresholds at
various ranges for each of the 4 rank and ethnic groups
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are presented in Table 5. High hearing thresholds for all

b personnel are mos: marked at 400Hz. At that frequency

25.6 percent of white officers, 21.1 percent of nonwhite
officers, 37.2 percent of white enlisted personnel and

22.3 percent of nonwhite enlisted personnel have thresholds
of 36 decibels (db) or greater. At 500 Hz only 2.6 percent
of white officers, no nonwhite officers, 5.4 percent of .
white enlisted personnel and 3.6 percent of nonwhite

enli. -ted personnel have threshold levels of 36 db or greater.

High frequency hearing loss is particularly marked |
for white officers. At all 4 pure tone frequencies white
enlisted personnel have the highest hearing thresholds
' among these groups.

Table 6 presents the proportions of personnal with
hearing threshold levels of 36 db or more for the 4 rank
ard ethnic gcr-ps by age. For white officers hearing
impairient is iargely (but not entirely) limited to high
frequency tonc¢s. This group shows an increasing proportion
with impaired hearing as age increases. More than half of
those age 55 or more have at least a 36 dt threshcld level 1
at 4000 Hz. The total group averace at 4000 Hz is 25.1 1
percent. Impairments at the 3 lowcs frequencies (which
represent the important range of speech frequencies) are
r not so common, aand the proportion impaired does not rise

reqgularly with age as age increases.

Among the small group of 19 nonwhite cfficers none
had a threshold level of 3¢ db or more at 500 and 1000 Hz
at any age.

As with officers, enlisted personnel have impaired
hearing which is more pronounced at 4000 Hz "han at lower
frequencies. Even so, 2 to 15 percent of vhite enlisted
personnel have 36 db or highsr thresholds at 500, 1000, or
2000 Hz. Nc consistently increasing proportion with high
threshold levels for either enlisted group at any pure
tone frequency is obaerved.

) Oover 37 percent of white enlisted personnel have 36 db
or higher thresholds at 4000 Hz at ages 35 to 40. This is

over 3 times higher than white officers of the same age.

; High frequency hearing impairment among white enlisted per-

sonnel is common for all age groups after 35 years of age.

} For white enlisted personrel the proportion with high thresh-
olds at 500 and 1000 Hz actually drops in older age
categories as it 4id fur white officers.
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Hearing impairwent for the 4 groups is further
considered by length of service in Table 7. The proportion
of white officers with threshold levels of 36 db or more
is high«.st at 4000 Hz, and the proportion tends to increase
with increasing age. At speech frequencies the proportions
with 36 db or more thresholdas are much lower but by no
means absent. When the thresholds of enlisted personnel
are considered by length of service, no increasing
pattern is observed at any pure tone frequency for either
ethnic group. High proportions with 36 db or more levels
are again limited to 4000 Hz.

These medical records ui separaf:ing Army personnel
indicate that about one third have some degree of hearing
impairment. The hearing deficits are largely confined to
high frequencies (4000 Hz) but also include the range of
speech frequencies of some personnel as well, No consis-
tent pattern between hearing impairment and either age or
length of service or a combination of both is evident in
these data. It suggests that the cause or causes of the
hearing impairment are not immediately related to these
variables. While considerable hearing impairment exists
among these personnel, the factors of age, length of
service, rank and ethnic background appear to be over-
shadowed by other factors not reviewed in this survey.
From the information available from the separation medical
records, it was not possible to identify specific military
experiences of perscnnel in this pilot survey. It seems
likely that noisc-induced hearing impairment may contribute
significantly to the frequent hearing deficits reported.
The primary observation is that high frequency hearing
loss is quite common among separating personnel.

The group hearing impairment among military personnel
appears considerably higher than estimates of hearing
impairment in generil population groups. For example, age
specific prevalence rates of hearing impairment among
civilians has been reported by the USPHS National Health
Survey as follows:

Age (yrs.) Percent Reporting Impaired
Hearing
Under 25
25-44
45-64
65-74
75 and over
Total
729
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This report may uiilerestimate total prevalence in the
civilian population since interviews were limited to a
sample on non-institutionalized persons self-reporting
their impairments. Ilowever, results of audiometric testing
performed as part c¢f the National Health Survey also
support the view that hearing impairment is considerably
less than that renorted for these separating Army personrel.

CONCLUSIONS: This pilot study has reviewed the separation
medical records of 1696 Army male personnel to determine
the frequency of hearing impairme~t. About one third of
these records indicate some degree of hearing impairment.
The impairment is largely but not exclusively confined to
high frequency nearing loss. While some variaticns by
age, length of service, rank, and ethnic background were
observed among specific subgroups, these variations appear
rather small in relation tc the high oversall proportion
with evidence of impaired hearing.

PRECOMMENDATIONS: The high. prcportion of separating Army
personnel with hearinc impairment deserves further investi-
gation to identify sp-cific causal factors: (1) In spite
of the variable qualicy of audiometric test results recorded
in the health record, valuable information can be obtained
rapidly and inexpensively from these documents, Samples

of routine periodic physical examinationc could be surveyed
to assess the effectiveness of hearing conservation
programs, /(2) Carefully performed audiometric testing
should be carried out on selected personnel with shorter
periods of service than reviewed here. Receptees should be
included as well. Personnel in various occupational
activities should be studied, particularly those in activi-
ties associated with high noise environments (e.g.,
artillery, armor and aviation), (3) In addition to audio-
metric surveys to estimate the prevalence of hearing
impairment among various groups of Army personnel, it

would be highly desirable to follow groups of selected
personnel over time, particvlarly persons who are beginning
occupational activities whi-h will expose them to high
noise environments. Prospective studies could identity
those environments which are contributing to hearing impair-
ment so that improved control efforts could be implemented.
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TABLE I

AGE DISTRIBUTION BY RANK AN ETHNIC GROUP

PERCENT DISTRIBUTION

AGE (IN YEARS ¥w.0. w.o. W.E. NW.E, TOTALS
£.35 17.2 10.5 0.4 0.4 5.1
35- 10.5 5.3 24,2 19.3 19.6
40- 38.4 26.3 44.5 53.1 43.9
45- 17.2 26.3 4.4 12.8 15.1
50- 12,0 31.6 11.3 9.9 11.5
55 or more 4.6 - 5.2 4.1 4.8
Unknown - - - 0.4 0.1
Total 100.0
458
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TABLE 2

LENGTH OF SERVICE DISTRIBUTION (LOS) BY RANK
AND ETHNIC GROUP

PERCENT DISTRIBUTI1ON

L0S (IN YEARS) H.0. M40, HE. NE TOTALS
20 22,5 15.8 5.1 8.2 10.4
20~ 27.3 26.3 47.2 50.2 42,0
22- 12,0 5.3 17.2 9.9 14,6
24- 8.7 5.3 8.1 9.5 8.4
26~ 7.2 10.5 8.6 6.2 7.8
28 or more 18.8 26,5 10.3 9.5 12,7
Unknown 3:5 10.5 3.5 6.6 _4:0
Totals 100.0 100.0 100.0 100.1 99.9
Pumber 458 19 976 243 1696
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AGE_(IN YEARS)
4,35

35-
40-
45-
50~
55-
Unknown

Total

# _Impeired

Total #

TABLE 3

PERCENT WITH IMPAIRED HEARING BY AGE FOR
KANK AND ETHNIC GROUPS

PERCENT IMPAIRED

8.9 50.0 25.0 0.0
16.7 105.0 40,7 25,5
32,6 40.0 36.6 22,5
35.4 20,0 37.6 22,6
36.4 0.0 48.2 12,5
38.1 - 43.1 30.0

5 - - 0.0
28.2 26.3 39.3 22,2

—
N
o
w

384 4

458 19 976 243

TOTAL
10.5

35.2

512

1696
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LOS (IN YEAKS)
£ 20
20-
22-
24-
26-
28 or more
Unknown
Total

#

PERCENT WITH 1MPAIRED !'EARING BY LENGTH OF
SERVICE (LOS) FOR RANK AND ETHNIC GROUP3

W.0. HE. Nug TOTAL
66.7 32.0 35.0 19.3
20.0 40.8 23,0 35.2
0.0 36.9 25,0 34.7
0.0 38.0 21,7 35.7
50.0 45.8 0.0 37.6
00 36.6 21,7 37.2
50.0 38.2 18.8 29,4
26.3 39.3 22,2 33.7
19 976 242 1696
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PERCENT WITH HEARING THRESHOLD LEVELS WITHIN
SPECIFIED RANGES AT 500, 1000, 2000 AND 4000 H2 FOR
RANK AND ETHNIC GROUPS

TABLE 5a
TOTAL
+5
500 or less +6- 416 - +26- +36-
wo 44.5 35.6 12 2 3.9 0.9
NVO 42,1 42,1 10.5 5.3 -
WE 32,1 35447 17.4 8.3 2.4
NWE 32.5 S Eal 11.5 6.2 2.0
1000 .
Wo 52.0 34.5 8.5 2,4 0.9
NWO 47.4 47.4 5.3 - -
WE 41.0 37.1 11.5 4.5 1.8
NWE 39.5 44,0 9.0 4.1 1.2
2000
wo 50.2 30.6 10.0 3.7 1.5
NWO 63.2 15.8 5.3 - 5.3
WE 40.3 30.0 11.7 5.8 5.0
NWE 39.5 36.6 11.9 6.6 2.0
4000
wo 23.1 24,0 15.9 1.1 7.6
NWO 21.0 31.6 15.8 10.5 -
WE 16.1 19.4 14 2 11.6 9.1
NWE 17.3 27.6 *1.8 10.3 6.6
735
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PERCENT WITH HEARING THRESHOLD LEVELS WITHIN
SPECIFIED RANGES AT 500, 1000, 2000 AND 4000 H2 FOR
RANK AND ETHNIC GROUPS
TABLE 5b
TOTAL
+76
500 +46- +56- +66- or more UNK TOTAL #
wo 1.5 - - 0.2 1.1 458
NWO - - - - - 19
WE 1.3 0.7 0.7 0.3 0.9 976
NWE 0.8 0.4 0.4 - - 243
1000
wo 0.¢ - - 0.2 0.6 458
Nwo - - -
WE 1.2 1.2
NWE 0.4 0.8
2000
Wo 1.1 2.6
NWO 5.3 5.3
WE 2,4 2,0
NWE 0.4 0.4
4000
Wwo 5.3 5.3
NWO 10.5 5.2
WE 7.6 6.6
NWE 7.4 2,5
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TOTAL

28+

26-

24-

TABLE 7

LENGTH OF SERVICE (YEARS)
22-

20-

20

PERCENT WITH HEARING THRESHOLDS OF 36 DECIBELS OR MORE
LENGTH OF SERVICE AMONG 4 RANK AND ETHNIC GROUPS

AT 4 PURE TONE FREQUENCIES (500, 1000, 2000 + 4000 Hz) BY

Pure Tone
Frequency

GROUP

0O~
« e s
NN

(=N N

(=N=N]
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« v .
GRS
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500
1000
2000
1.

Officers

White

37.5 36.4 43.0 18.8 25.1

30.9

17.6
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W
@

Cwo

~ N

0
50.0

20.0
20.0

50.0
50.0

20.0
20.0

OO

2000
4000

Nonwhite
Officers

5.5

5.9
8.8

3.0
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8.4
10.8
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6.3

4,2
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Enlisted
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The Ecology of Japanese Encephalitis Virus Infections in Chiangmai

Principal Investigators: Richard A, Grossman, LIC MC
Dennis O, Johnsen, MA] VC
Douglas J, Gould, Ph,D.
Robert Edelman, LIC MC
Charles L, Bailey, CPT MSC

Associate Investigators: Debhanom Muangman, MD
Joe T, Marshall, Jr., Ph,D,
Pien Chiewanich, MD*
Suchinda Udomsakdi, MD

Objective: To inve-tigate the ecology of Japanese encephalitis virus
(EV) in the Chiangmai Valley, Northern Thailand, with particular
reference to aspects contributory to infection in hv nans,

Description: The previous two Annual Reports explained the study
methodology and results nf work in Chiangmai Valley from November,
19¢9 tn March, 1971, In summary, JEV was found to be widely disseminated
throughout the Valley, causing infections in pigs and man in at least 9
consecutive months (April-December, 1870). Rapid buildup in viyus
trangmission occurred in April at the start of the rainy season and most
of the human and pig infections occurred in May, June and July; 84 of the
100 encephalitis cases for 1970 occurred in these 3 months, JEV was
isolated from 3 Culex species - C. fritaeniorhynchus, C. gelidus and
fugscocephala and all 3 species are believed to be acting as JEV vectors,
Field and laboratory evidence sugyested that small wild vertebrates and
domestic animals (other than pigs) are not important variables of JEV
transmission,

The specific arcas of interest and their ocbjectives in work that was
pursued in 1971 include the following :

(1) Epidemiology: Case ascertainment at the 3 Valley
hospitals was continued throughout 1971 as was collection of climatologic
data. The sentinel pig study was cohtinued through June, 1971, to both
determine whether JEV transmission to pigs occurred in the dry, winter
months and to see if a similar buildup in transmission occurred in 1971

* Suan Dork Hospital, Chiangmai
** Chief, Pediatrics, McCormick Hospital, Chiangmai
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after the start of the rainy season. The 4 village study areas were
re-visited once, in November, 1971; censusing of humans and animals
was again performad and blood was obtained from the people in the
random sample cohorts (selected in November, 1969) who were still
remaining. Sera were also obtained from the Chiangmai City school
cohort.,

(2) Entomology: Studies on the ecology of the vectors of
JEV in Chiangmai Valley were continued during 1971. Emphasis was
directed at measurement of fluctuations in population density and
physiological age, determinatioun of host preferences, and flight range
and dispersal characteristics. CDC light-trap collections were made
twice weekly at three sites -- villages A and B and in Chiangmati
city (E). These sites are located in the northern, southern and central
portions, respectively, of Chiangmai Valley. Material from light-trap
collections was used for computing monthly indices of female mosquito
densities as well as for determinations of physiological age and host
preferences.

(3) Virology: Studies on the role of small vertebrates and
domestic animals as hosts of JEV in the Chiangmai Valley continued.
The role of Culex fuscocephala as a vector of JEV was examined, The
epidemiology of a 8imbu group arbovirus, Ingwavuma virus, isolated {n
the Chiangmai Valley in 1970, was explored. Further studies on the
specificity of IgM antibody to JEV and dengue viruses as a means of
gserologic diagnosis of specific Group B arbovirus infections were under-
taken, These are detailed in subsequent sections of this Annual Report.

Progress: Encephalitis occurred in 1971 in Chiungmai Valley at a
remarkably similar incidence to that of 1970 (Table 1). The 99 Valley
cases were admitted in the 10 consecutive months, from February to
November. As in 1970, over 75% of the cases were admitted in May,
June and July although the peak month (July) wes both sharpsr and a
month later in 1971, This may reflect the slower onset of rainfall in
1971, Paired sera were obtained from patients in McCormick Hospital
only, but 81% of the adequately spaced serum pairs had diagnostic JEV
titer rises, thus providing similar confidence in the 1971 case f{ncidence
data, Further evidence of both the widespread distribution of JEV in the
Valley and the surprising agreement between the 2 years is shown in
Table 2, Once again, cases occurred in each Valley district and at
comparable incidence rates. One JEV isolate was obtained from the
brain of a 9 year-old female admitted on 10 July 1971, Seventeen cases
died in 1971, co:apared to 20 in 1970, and the case fatality rate was
especially hizh (50%) under age 5 {Table 3). Both the age and sex
distributions of the cases were similar in both years, although the 1971
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cases were slightly younger on the average and had a smaller male
preponderance, The type of HAI serologic response in the confirmed
cases was also similar in both years, 72% in 1970 and 75% in 1971
having a primary response,

None of the sentinel pigs in the 4 study villages had a JEV {nfection
in January or February, 1971 (Table 4) although this does not nile out
the possibility that low-level transmission was occurring, Pig con-
versions occurred in one village (B) between 9-31 March, in 2 villages
in April, in 3 villages in May and in all 4 villages in June when all but,
one susceptible pig had a JEV infection, It is attractive to believe that
the very high dissemination of JEV to pigs occurring in June is diectly
related to the sharp peak of human cases that occurred in July (the
median human case was admitted on 10 July).

One possibility for dry season maintenance of JEV appeared to exist
in low level transmission among the pig population. This possibility
seemed very likely because serological evidence collected during 1970
showed that there were JEV susceptible pigs present all year along with
JEV vector mosquitoes, In support of this theory, one JEV isolate was
obtained from a group of 25 pigs near Udorn, Thailand (see below) in
December, 1972, Accordingly in January, 1972, blood samples taken
from 479 pigs at the time they were butchered in Chiangmai and were
inoculated intraperitoneally into weanling mice. Deaths before 14 days

occurred in about 7% of the mice but viral isolates, none of them resembling

JEV, were made in only three cases, Accordingly, there continues to be
only indirect evidence supporting the maintenance of JEV through low level
pig transmission during the dry season,

At the time the blood samples were coliected from ghughter pigs
statistical information was collected concerning the number of pigs
butchered and their origin. Such information was thought to be of potential
usefulness as an indicator of changes in pig usage in Chiangmai that
might, in turn, be related to the incidence of human JEV infections,
Between 1961 and 1971 the number of pigs slaughtered annually varied
between 28,000 to 46,000 (figures taken from officlal Chiangmai Muni~
cipal Slaughterhouse records); 39,000 pigs were slaugh*ered in both 1970
and 1971, Pigs are usually slaughtered when they reach an acceptable
size rather than age; this size is probably in excess of 100 kg, Smallsi
pigs are butchered but in significantly fewer numbers; they often are
animals in poor health that have grown poorly. Ages of slaughter pigs
usually vary from 7 months of more than a year, although a low percentage
are older salvaged breeders, Younger pigs that reach slaugnter size early
have probably been fed a better ration. The greatest source of slaughter
pigs for Chiangmai is Pitsanuloke ,712% animals are also purchased for




slaughter anywhere within a 200 km radius of Chiangmai and trucked
in every day, Although the Chiangmai slaughterhouse is the only "of-
ficial" one in the area, the animals killed there do not reflect the
level of swine production in the valley because, in addition to a large
number of imported pigs, there are many illegal siaughterhouses
operating in the valley. It therefore would seem that slaughterhouse
statistics would be of very little use in helping to interpret local
epidemiologic data in the Chiangmai Valley.

There was very little population change in the study villages®
sample cohorts (Table 5)., Only 7 people moved away and one person
died between November 1970 and November 1971, Overall there was
only & 2% decrease in the residents of the random sample houses over
the 2 years of observation ){(446 to 436) and a loss of 56 people (12,6%)
from the original random sample cohort, A total of 286 psople in the 4
villages who were present and had been under serologic surveillance
over the 2 years submitted another serum specimen in November 1971
(about 93% participation). Blood was also obtained from 125 of the
Chtangmai City schoolchildren (study area E) still at school. The JEV
and dengue prevalence data are presented in Table 6 for the 3 post-
epidemic specimens in November of 1969, 1970 and 1971, In those
people not experiencing a group B infection, HI titers persisted wel)
over the 2 years of observation and very few JEV titers re'rerted to
negative despite the low proportion of infections that occurred in 3
of the 4 villages,

1970 and 1971 consistent with a JEV infection (2.8%). *¢ more specimens
had been collected during the year, it is probable that several more
infections would have been found (only 60% of the 1969-1970 JEV
infections would have been detectable if only those Nu. ~.aber sera had
been collected), In Village C, a striking event occurred, as 28 villagers
(39.4%) had a titer rise to one or more of the group B antigens employed
(Table 7). For 16 of these infections, broadly cross-reactive titers to
both JEV and dengue rose to 21:640, in all of which there was pre-existing
antibody; {.e., typical secondary responses. Iwo people had obvious
primary JEV infections with monospecific antibody rises to JEV antigen,
There were no primary dengue responses, In 20 of the 28 infections the
post-infection JEV titer was equal to or higher than the highest of the 4
dengue titers, None of these 28 people wem hospitalized during the year,
The overall sample titer changes are presented in Table 8.

Two people each in Villages A, B and D had HI titer ci nnges between ‘

Since dengue hemorrhagic fever (which was not diagnosed in 1970) did
occur in Chiangmai in 1971, it is possible that this high infection incidence
reflects both JEV and dengue infections having occurred in the same village
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at the same general time, but it is impossible to verlfy this, The most
unique feature of these infections is their occurrence at about the same
rate in all ages from 1-39 (Table 7). This is not typical of either JEV

or dengue infections. Of covrse, the possibility also exists that anoiher
closely related group B virus is involved, Village D, which had a similar
background prevalence of JEV and dengue, and is even closer to Chiang-
mai City than Village C did not experience a similar phenomenon. The
schoolchildren in the City (E), however, also experienced a high infection
rate (17,8%). As in Village C, the large majority of these infections were
secondary and the post~infection JEV titers were mostly equal to or higher
than the highest denyue titer, Although there was no clear primary JEV
infection, there was one monospecific primary dengue 3 titer rise.

The first rains of 1971 began in March and, as observed during 1970,
were followed by a steady rise in population densities of the three vector
species at village A and Chiangmati City (Fig. 1), There was an unex-
plained decline in the C, fuscocephala and C, tritaenjorhynchus popu-
lations in village B during April, but densities of both populations at that
site rose in the following months, Peak donsities for C. ephala
and C, tritaenlorhynchus were measured during June in Village A and
Chiangmai City, while in Village B the peak for these two species occurred
in July. As in 1970 the fluctuations in populations of C._fuscocephala and
C._tritaeniorhynchug during 1971 were closely parallel. The patterns
observed for C,_gelidus populations in Villages A and B during 1971 were
almost identical to those seen in 1970, In Village A the numbers of C.
gelidus rose in May to reach a peak in Tuly and declined rapidly there-
after, while in village B the C. geljdus ponulation increased during May
and June and remained elevated through S8eptember., The numbers of all
three species dropped off sharply in the dry season (November-March),
but the m«st pronounced decline occurred in the C. gelidus population,
Breeding continued during the dry season, although at greatly reduced
levels; newly emerged, gravid and old females were collecind throughout
this period.

From April through July mosquitoes collected in CDC light~traps and
resting outdoors during daylight hours were compared with respect to
sex-ratio and the physiologic age and insemination rates in females,
Resting mosquitoes were collected from vegetation in the study sites
by means of a battery~powered vacuum collector. Males and females
were present in almost equal proportions inthe samples from the resting
populations, while the light-trap collections consisted almost entirely
of femaler. Since the light-traps were set near animal shelters the higher
proportions of females in these collections was not surprising. Several other
important differences were observed in the mosquitoes obtained by the two
collection methods (Tables 9 & 10}, There was a larger proportion of newly
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emerged frmales in the resting population, as indicated by the higher
nulliparous rates and lower inseminetion rates (Table 9). On the other
hand, a higher proportion of gravid females was also present in the
resting population (Table 10), Between July 1971 and March 1972
ovaries of vectur species were exaniined in an effort to determine if
seasonal variations in the numbe: of gonotrophic cycles could be
detected (Table 11), For most mosquito species, the number of gono-
trophic cycles a female mo3quito has undergone is directly related to
the number of blood meals she has taken, Cvarian dissections are tlius
useful in estimating the proportion of older females (i.e., theoretically,
those which have had greatest opportunity to become infected) prusent
in the population., A decline in the proportion of parous females was
observed for all three species between January and March. The pro-
portions of multiparous C, fugscocephala and C,._t.{taeniorhynchus

were higher Jduring July--the month of highest incidence of encephalitis
cases~--than during the next four months, The largest proportions of
multiparous C._gelidus were observed in September and in December,
This is of especial interest because in 1970 the only isolations of JEV
obtained from C, gelidugs were made during September, although greater
numbers had been tested during previous months,

During July and August, flight range and dispersal experiments were
conducted with the three vector species, Blood-fed females were
collected from buffalo, cattle, and pigs, marked with Helecon lumi-
nescent pigments and released. A total of 8,831 mosquitoes, of which
approximately 53% were C, fuscocephale, 20% C, tritaeniorhynchus
9% C. gelidus, and 18% other species, was released, Four marked
C, fuscocephala and two C. tritaeniorhynchus were recaptured. Five
of the recaptured were made within three days of the time of release at
distances varying from 10 to 500 meters from the release point, One
C. fuscgcephala was recaptured nine days after release but only 50
meters from the release site,
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Table 1

Monthly Rainfall and Encephalitis
Admissions from Chiangmai Valley
in 1970 and 1971

Rainfall(cm) | No. Cases

lonth

1970 | 1971 {1970 | 1971
Jan 0.0l 0.0 o | o
Feb 0.2f 0.0 | o | 1
Mar 9.2 1.7 | o | 2
Apr 7.0] 3.3 1*| 1

May 35,2 24,0 23 16
Jun 24,51 17.3 38 14
Jul 17,91 30.0 22 47

Aug 34.91 32.5 3 12
Sep 19.3] 19.5 5 4
Oct 3.8] 13.4 4 1
Nov 0.7} 2.4 3 1
Dec 3.5 1.2 2 o

TOTAL [ 156.2 |145.3 | 101 99

* (Case not included elsewhere
as valley address not verified.




Table 2

Incidence Rates of Encephalitis Cases in
Chiangmai Valley, by District, for

1970 and 1971

Incidence
No. Cases]Rate per
Estimated
District Population 100,000
1970]19711197011971
Muang 120,000 12 | 17 |10.0]14.2
Maerim 25,000 5 7 120.0]28.0
Sansai 45,000 8 7 ]17.8(15.6
Doi Saket 40,000 9 5 (22.5]12.5
Sankamphaeng| 50,000 7 7 114.0]14,0
Saraphi 60,000 7 8 111.713.3
Hang Dong 40,000 8 | 13 ]20.0]32.5
Sanpatong 80,000 10 | 11 J12.5]13.8
Jomthong 20,000 7 7 135.0135.0
Muang® 125,000 | 18 | 9 |14.4| 7.2
Pasang* 75,000 9 | 8]12.0}10.7
TOTAL 680,000 (100 | 99 |14.7}14.6
* Lamphun Province,
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Table 3
Age and Sex Distributions of 1970 and 1971
Encephalitis Admissions and Fatalities
Male Female Total

Age No, Cases [No, Died [No, Cases|No. Died |No. Cases|No. Died CFR*
1970]1971]1970)197111970}1971 11970 {1971]1970|1971]1970 |1971]1970]1971
0-4 9 8 1 3 4 6 1 41 13) 14 2 7115.4150,0
5-9 18] 24 4 4] 12 14 3 2] 301 38 7 6}23.3]15.8
10-14 16] 17 4 of 11y 14 3 o] 27} 31 7 0}25.9] 0,0
15-19 0 2 2 0 0] 14 0 2| 0.0]33.3
20-29 1 ¢ 3 i 0] 10 2 0j20.0] 0.0
30- 2 1 1 3 1 1 6 2 2] 33.3}40,0
TOTAL 64| 57| 11§ 10| 36} 42 9 71 100} 99| 207 17}20.0)17.2

.
Medianj11,6| 9,3|10,6] 7,5}10,9]10,4{10.8] 4.4}11.3] 9.7|10,7] 6.2] - -

* Case Fatality Rate(X).
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Table 4

— g—

JEV Infections in Sentinel Pigs, Junuary - June 971

Dates g: JEV JEV Infections by
Naevest gs |Infection Study Area
Bleec tugs Rek [T T+ T3 )c D
1-26 Jan ‘18 6 Jo,0f 0.0 0.0 0.0} 0.0
27 Jan - 8Mar | 28 | o | 0.0 0.0} 0.0 0.0} 0.0
9-31 Mar 18 | 2 {1 0.0(33.3] o.0] 0.0
1-26 Apr 13 | 3 |23.1] o.0|6s.7{ 0.0]20.0
27 Apr - 26 May | 22 | 8 [36.4| 0.0]40.0] 16./]83.3
27 May - 29 jun | 15 14 93,3 100,01 66.7}200,0 j1v0.0
TOTAL 114 | 27 123,71 21.4 | 28.6] 21.4] 23.3
— || Nw28 | N=28] N=28| N=30




Table 5
Population Changes in Random Sample Households of
Chiangmai Valley Study Villages, Nov 69 - Nov 71
No, in Sample
Village} Houses g:zt.l . Losses Additions
(%) 88 [moved Died Hoved Born
Nov69 | Novil Avay in
A 89 93 +4.5 6 0 6 4
B 113 108 =4.4 | 18 0 8 5
C 112 117 +4.5 8 0 12 1
D 132 118 | -10.6 | 2? 2 5 5
TOTAL 446 436 -2,2 | 54 2 3 15




Over Two Years (Nov69 - Nov7l)

Table 6
Changes in Prevalence of JEV and Dengue HAL Antibodies®

Converting | X Reverting
JEV Prevalence Dengt;:nz:e\ from Negat ve | From Positive
Study No. (%) @) to Positive t2 Negative
Area People* No7s70 - Nov7l ] Nuv70 - Nov7l
Followad
Nov | Nov | Nov |Nov ! Nov| Nov
69 |70 |7 |69 |70 | 72 | JEV | DEN | JEV | DEN
A 69 71 |74 71 |19 |19 | 17 0.0 4,3 2.9 5.8
B 63 38 |32 |35 (19 | 16 | 16 4,8 3.2 1.6 3.2
c 71 68 |72 |90 |77 | 75 | 83 18.3 9.8 0.0 1.4
D 83 69 |65 |63 |61 ! 51 | 53 4,8 3.6 L.8 1.2
A-D 286 62 |62 |65 |46 | 41 | 44 7.0 4.9 2.4 2.8
E 125 78 |77 185 194 | 96 | 98 10.4 3.2 2.4 1.6

* Titer 21:20.

*% Ages 1-39 for

B,C,D; everyone over age 1 for A; ages 6-8 for school E.




Teble 7

Incidence of Group B Infections in Study Village (C) Between Nov70 - Nov7l

Male Yemale Total People Lacking
Age [ No, Yo, Yo. JEV and Dengue
Paople|Titer Rises |Peacple|Titer Rises|People] Titer RisesAntibody in Nov70
No, 4 No. z No. b4 No. No,
Infections
1-9 16 5 31.2 13 5 38.5] 29 10 3.5 5
10-19] 12 6 50,0 8 4 50,0] 20 10 50,0 1
20-39] 11 4 36.41 11 36.4] 22 8 36.4 1
TOTAL]| 39 15 38.4 32 13 40.6] 71 28 39.4] 12 6

%#24-Fold rise in JEV and/or dengue antibody titer between Nov70 and Nov7l.
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Table 8

Geometric Mean Titers of JEV and Dengue
HAI Antibodies, by age for Village(C)

Geometric Mean T:l.\:er*

Age JEV Dengue**
1969 | 1970 | 1971 | 1969 {1970 | 1971
1-9 15 19 53 30 27 56
10-19} 59 40 | 197 |102 51 ]190
20-39 | 363 | 146 4387 |291 |110 | 310
TOTAL| 60 44 | 162 86 50 §134

* Negative sera (%1:10) called. 1:5.

*% Highest dengue 1-4 titer used.
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Table 9, Proportions of nulliparous and inseminated females {n resting
and light~trap collections, Chiangmai - April ~ July 1971

Resting Light-trap
Species Total No, Nulli~ Insemi- Total No, Nulll- Insemi-
Dissected parous nated Disgected parous nated
C. fuscocephala 761 «555 652 1347 .366 +939
C. gelidus 140 J17 .384 714 .432 +947
C. tritaen{orynchus 422 .623 .551 1275 .328 .963

Table 10. Proportions of gravid females in resting and light -trap collactions,
Chiangmai-April-July 1971,

Regting Light-trap
8pecies Number Number
Examined Gravid Examined Gravid
C. fuscocephala 761 .364 16728 .083
. gelidus 140 244 2206 .124
C. tritaenicrhynchug 422 176 18672 .037
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Table 11, Proportions of parous, uniparous and multiparous Culex

fuscocephala, gelidus and tritaeniorhynchus from light
trap collections Chiangmat, July 1971-March 1972 :

P ng yni- and multipa --
Total No, Total Recent
Month Dissected Parous tion* Uniparous Multiparous
C. fuscocephala
July 379 .C12 017 .927 .056
August 0 - - - -
September 129 566 .068 .918 .014
October 127 .512 .138 .862 .000
November 241 .518 .114 .846 .040
Decembur 495 .612 076 .875 .049
January 842 568 .077 .868 .055
February 1419 428 .118 .837 .045
March 104¢ .429 077 873 .050
C. gelidus
July 323 .502 012 .907 .081
August 613 «574 .134 .847 .019
September 977 .481 .134 «743 .123
October 715 «508 .339 .634 027
November 266 .4306 371 .586 .043
December 39 487 .000 .895 .105
January 29 483 071 «929 .000
February 19 315 000 1.000 .000
March 24 291 .142 .857 .001
C._tritaeniorhynchus

July 553 .653 .008 .898 .094
August 1909 .754 .134 .808 .058
September 2889 577 .100 .854 .046
October 3327 .619 .129 .818 .053
November 2238 .613 .134 .829 .037
December 1304 .696 .095 .798 .107
January 426 .617 .091 .852 .057
February 805 .477 .101 .854 .045
March 784 .429 .112 .857 .031

* Females in which the number of gonotrophic cycles was not determined
because ovarian tubules were stretched by recent oviposition,
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Title: A Study of Japanese Encephalitis Virus in Chiangmai Valley; The Role
of Small Wild Vertebrates in Virus Transmission.

Principal Investigators: Robert Edelman, LTC, MC
Joe T, Marshall, Ph.D,
‘Pairatana Gunakasem, M.D,
Douglas J, Gould, Ph,D,

Assoclate Investigators: James E, Willlams, CPT MSC
Suchinda Udomsakdi, M,D,

Background: Several large field studies have provided evidence that

wild birds participate in the maintenance and transmission of group B
arboviruses in nature. For example Ardeid birds migrating to Japan

have been implicated in re-introducing JEV into that country every year.
Migrating birds probably play an important role in maintaining the
transmission of S:, Louis encephalitis virus in the We stern Hemisphere,
In Thailand Dr. Tom Yuill found that many species of >irds netted in

Bang Phra, Southeast Thailand, have neutralization antibody to JEV as
measured in a metabolic inhibiition test (SMRL Annual Report, 1968).

For example 5 of 49 Passer montanus (house sparrow) had JEV neu-
tralizing antibody in their serum, while 1 of 31 tested had antibody

to Wesselsbron. Moreover Yuill inoculated 5 P, Montanug subcu@neous-
ly with JEV and measured JE viremia for 5 days in high titers of 10
infectious units/ml blood in one of the five brids, Other wild caught
small vertebrates were also challenged with JEV, including birds (Bulbus
and Pegu sparrows) mammals, (mice, roof rats, bats) and reptiles (lizards)
but only the Pegu sparrow in addition to the house sparrow developed a
demonstrable viremia,

The sum total of the previous work caused us to focus attention on
birds, and in particular, the sparrow, as a possthle important participant
in JEV ecology tn Chiangmai Valley of Northern Thailand. P, mentanus
is the most abundant bird in Chiangmai Valley, where it roosts and
nests in large flocks in buildings and trees adjacent to houses and pig
pens. This small bird does not migrate, and breeds nearly 10 months
of the year, so that presumably virus susceptible and relatively immobile
fledglings are being constantly introduced into the environment, Thus




if birds do in fact participate in an enzootic JEV cycle in Chiangmai, no
bird species is as promising a host as P, montanug, We therefore elected
to study this species intensively. Fortunately their low, active flight u
pattern made them easy to observe and to catch in mist nets,

Progress: A, Serological studies of P, montanus

In the 1970-~1971 SMRL annual report we reported an evaluation of the
micro culture plaque reduction neutralization test {micro-PRNT) using
LLC-MK2 cell cultures. Statistical apalysis revealed that the micro-
PRNT was as precise and reproducible as the standard macro-PRNT',

Both tests seemed more accurate measuring low-titered rather than high-
titered antiserum, Representative results are shown in Table 1, These
results indicated the feasibility of using the micro PRNT to measure the
expected low~titered neutralizing activity of bird serum, The micro test
offered the further advantage of requiring only 0,025 ml of serum per test,
which was an important requirement, since in most instances no more
than 0,1 ml of blood was obtained from each bird,

Birds were caught in mist nets raised in the 4 study villages, bled
through jugular venipuncture, aged (immature or mature), banded, and
released. Collected blood was diluted to 1,0 ml with balanced sait
solution, and sent frozen to Bangkok whers it was stored at -20YC,

The sera, diluted in the field to 1:10, and later in the laboraiory to
1:20, were titered against JEV (Nakayama) without further dilution, The
exact dilution giving 50% plaque reduction was calculated from a statis-
tical table (supplied by the Japan National Institute of Health) which
utilizes the percent piaque reduciton found at the serum dHlution tested
in the micro-PRNT, If seronegative, each serum is expressed as <1:10,
and if sero-positive, as 2>1:10, If the titer was 21:20 the sera was listed
as positive twice, once in a 21:10 and again in a > 1:20 dilution,

First a comparison was made of the percent positive serum in ¢
large sample of immature (<4-6 months old) and mature birds, irrespective
of the date bled, Mature birds were netted in each of the 10 months of
the study (June 1970 through November 1970; January 1971 through April
1971), Immature birds were sampled each month except January, Fsbruary
and April, These prevalence data are shown in Table 2,

Narly the same percentage of positive serum was found in mature
and immature birds, Therefore it was not necessary to seygregate sero-
logical data according to the age of the bird, 'Moreover, if specific
antibody i{s being mearured by the micro~PRNT, the data suggests that
antihody is being ccguired within the first 4 to 6 months after hatching,
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with no serological svidence of additional JEV antigeni: exposure over
the next 4-5 years, the life span of a mature bird. However definitive
interpretation of these results is hampered by a lack of information about
the persistence of possible neutralizing antibody in birds, ard the
transmission of maternal antibody to offspring,

The monthly prevalence data listed in Table 3 shows that seropositive
serum (1:10) was found in birds 9 out of the 10 months sampled. The
percent seropositive serum seems to occur in a cyclic fashion charac-
terized by 2 peaks, one peak occurring in the rainy season of July thru
September, and the other in the dry season, January and February., The
absnlute serum titers were low; in the large majority of those few serum
titering 21:20, the titers ranged between 1:20 and 1:40, No serum
exceeded a titer of 1:80-1:100,

Seropositive birds were found in 3 of the 4 village study sites which
included 8an Patong, Maerim, and Saraphi. Birds from Sankampaeng were
seronegative, but the sample size was small, representing less than 5% of
the total sera tested,

The serur: obtained from 3 migratory birds, cocomantis merlinus (2)

and cocomantis sonnerattii (1) (shrikes) were titered and found to be
n’\ar."ive.

. over 1000 birds caught, banded and released, 75 were recaptured
1 to 3 times over subsequant months, An attempt was made to demonstrate
seroconversion to JEV in 71 of these birds, Fifty-nine were caught twice,
11 were netted 3 times and 1 bird was trapped 4 times, All were bled 0,1
mi after each capture and then released, The 2 or more serum samples
obtained from each bird were titered by micro-PRNT at the same time,

We tested 15i sera obtained fron the 71 birds, Thirty of these
birds provided 42 sera which were seropositive at 21:10, 6 birds provided
10 sera which were algo positive at >1:20, The percent seropositive at
titers of >1:10 (27.8%) and 21:2C (¢ 6%) are higher than the percent
positive sera obtained from singie bleeding of 660 birds, Only 1 bird,
an adult when first caught, converted from <1:10 in S8aptember 1970 to
21:20 in March 1971, The titer of the March 1971 serum in this bird was
1:25, The 29 other seropositive birds had titers that remained fixed
{rise or fall of no more than 1 serum dilution) over 1 to 6 months, If we
are indeed measuring antibody and regar seroconvasion to JEV as a
marker for JEV infection, then the bizds sampled provide very little
evidence of having been infected during the 10 month study period,

This period covers part of the time when JEV was being actively transmittad
to man and domestic animals in the villages,
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Next we determined if the JEV neutralizing activity in P, montangus
was specific for JEV, 8erum from the January, February, March, and
April bleeds (Table 3) were sclected at random. Some sera were re-
titered against JEV and cthers were run against Wesselsbron or dengue
4 virue; others were titered against 2 or 3 of the test viruses if enough
serum was available. The results are shown in Table 4, It is apparent
that a factor exists in bird serum that neutralizes Wesselsbron and
dengue 4 virus, A striking 26,.4% of serum neutralized dengue 4 at
titers >1:10. A lower percentage of sera neutralized JEV and Wesselsbron,
The titers against the 3 group B arboviruses were low, and no serum titer
exceeded 1:80-1:100, In order to confirm the non-specific neutralizing
activity of bird serum, we selected 31 sera still available from 14 JEV
seropositive birds that had repeated bleedings. Each month of the study
was represented in these sera, and both immature and mature birds of
both sexes., Twelve of 14 birds were seropositive 1:10) against dengue
4, and 13 were seropositive against Wesselsbron. Two birds with fixed
titers to JEV ind Wesselsbron had titer rises to dengue 4, These results
confirm the low titer non-specific cross-reactivity of P, montanus serum,
Moreover, if we reasonably assume that dengue-4 does not infect birds,
then titor rizes to dengue~4 {n 2 birds suggests that we are measuring
elther virus neutralizing factors other than antibody, or cross-reactive
antibody raised against an infection by another group B arbovirus, A
reasonable candidate virus would be Tembusu, a Group B arbovirus
recovered in Chiangmai Valley and thought to infect birds, Attempts to
plaque Tembusu for ths micro~PRNT have been unsuccessful,

HAI tests on selected small wild vertebrate sera collected in Chiangmati,

A complete list of small wild vertebrates xapped and bled in Chiangmai
during 1970-1971 was printed in ths 1970-~1971 SMRL Annual Report, A
small sample including P. montanus sera, were selected for HAI testing
against JEV, dengue 1-4, and Chikungunya HA antigens. The results,
found in Table 5 reveal that many tree sparrow and lizard sera contained
low-titered inhibitors against the 5 test group B arbovirus antigens;
higher-titered inhibitors were found to Chikungunya,. It is likely that
these inhibitors represent acetone resistant non-specific inhibitors of
HA rather than antibody; because of an inability to distinguish between
these 2 alteratives, no further testing of small wild vertebrate serum was
made by HAI,

B. Virus isolation attempts from Pagger moutanus

We attempted to {solate an infectious agent from 297 blood clots, and
136 spleensg, and livers of P, montanug netted in January, February, and
March, After removal from the bird, the tissues were frozen immediately
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in sealed qlzss containgrs + and shipped in dry ice to Bangkok where
they were stored at ~90 C, The clot and organs were thawed, tritu-
rated in BAPS with mortar & pestle, centrifuged 10,000 RPM x 30
minutes, and the supernatent from the clot and organs {noculated
separately IC into 6-8 suckling mice, In addition 855 Passer serum
stored at ~20°C and thawed inadvertently several times were injected
into suckling mice, No infectious agents were isolated from the blood
clots, organs, or serum,

C. Zootropism of Vector Mosquitoes for P, montanus.

The biting preference of proven mosquito vectors, C. gelidus,

C. tritaenjorhynchus, C. fuscocephala for Pagser montanug was
examined by Drs, Joe Marshall and D.J, Gould, Sweep vaccuum
collections were made near bird nests, and mosquito traps baited with
live tree sparrows were placed in various habitats in order to attract
vector mosquitoes. The data is summarized in Table 6, Two engorged
C._gelidus were collected by sweep vacuum near bird roosts, but they
did not contain ingested bird blood. No vector mosquitoes were attracted
to the bird-baited traps placed in a variety of ecological sites in Chiang-
ma' Valley, Thus we could not deamonstrate attrgction of JEV mosquito

ve :tors to P. montanuys. However these studies were carried out in the
dry season when mosquito populations were at their nadir and therefore
may not accurately reflect the biting pattern during the rainy season

when vectors are abundant,

Summary of P, Montanug 8tudy: The sum total of the serological,
virological and entomological ztudies provides no convincing evidence
that P. montanus is a maintaining or amplifying host for JEV {n Chiangmai
Valley., The JE virus neutralizing and HAI activity {n bird serum was low-
titered and cross-reactive with at least 2 other group B viruses; the neu~-
tralizing activity could represent a non-specific inhibitor of arboviruses
rather than antibody. No viruses were isoleted from many samples of
bird ¢issues, and a biting preference of the 3 mosquito vectors for P,
montanug could not be demonstrated.

D, Baby chickerns as sent.nels for JEV,

This study was the work of James E. Williams, CPT, MSC, He
evaluated the suitablility of baby chickens as a more convenient alternative
to the pig as a sentinel for JEV in Chiangmai Valley. During the rainy
season approximately 200 chicks, 3 days old, were bled, caged, and put
into trees (4 feet above the ground) in the Chiangmai study villages for a
period of 7 days. The chicks were bled several weeks later and their
serum was titered by MAl and macro-culture PRNT, No neutralizing
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antibody was found, A small number of sera were HAI positive to JEV,
but converte- :c HAI negative {<1:20) following repeat acetone extraction.
The results indicate that the vector mosquitoes were not infecting
sentinel chicks.

E., Serological Study of Bats:

A small percentage of bats caught throughout the year in Japan
ciculate JEV in their blood, apparently store JEV in brown fat, and their
serum neutralizes jEV in low titers, Bats are thus considered to be
reservoir hosts for JEV in Japan. Accordingly, 54 bats collected in
Chiangmai were examined for the presence of JEV neutralizing activity
in their serum,

Five species of bats were collected in banana groves and roof.
roosts in the study villages during April, May & June, 1970, The
species are Cyngpterus sphinx, Rousettus leschenaulti, Epnycterus

spelaea, Taphozous longimanus, and Scotophilus kuhlii, The first
3 species are fruit eaters, while the last 2 species are insectivorous,

All but 7 of the 51 bats collected were fruit eaters, The bats were bled
through cardiac picture and the serum shipped to SMRL, The sera was
diluted 1:10 and 1:40 for the micro-PRNT against JEV,axd diluted 1:10
and 1:20 for titration against dengue 4 and Wesselsbron, The alsolute
titers were calculated as they were for P,_montanus sera; results are
shown in Table 7. Of 54 sera tested, 26 (48%) were positive to JEV at
a titer 21:10, and 14,8% & 9,3% of these sero positives titered >1:20
and 21:40, respectively. The percentage of JEV seropositive serum is
almost 5 times higher for bats than P. montanus.

Bat sera did not neuncralize Wesselsbron but some did neutralize
dengue 4. However only 9 of 26 JEV positive (>1:10) sera cross-reacted
with dengue 4; and only 9 of 17 dengue 4 positive sera (> 1:10) neutraliz-
ed JEV, Thus many sera reacted monospecifically with JEV or dengue 4,
The large percentage of serum reacting specifically and at relatively high
titers (1:40) with JEV, suggests that these bats may have been previously
infected with JEV, The dengue 4 neutralizing factor most likely represents
either cross-reactive antibody produced by a serologically related bat
virus, or a non-specific serum i{nhibitor of dengue-4 plaque formation,

Viral isolation was attempted on 12 bats trapped at a large cave
near Chiengdow, a town north of Chiangmai or at the field laboratory
in Chiangmai City in January-February 1971, 8ix insectivorous bats,
Scotophilug sp., were collected in the cave and 6 fruitivorous bats
Cynocephalus sp from the field laboratory. Brain suspensions from the

765

———

.-




bats were inoculated intracerebrally in suckling mice but no isolates
were made, The sample tested was certainly not adequate to eliminate
the involvement of bats in dry season mainw.2nance of JEV; a more
extensive survey {8 indicated if their role as a reservoir of JEV is to be
definitely established.




Table 1, Comparison of the micro and macro PRN tests.

— Reciprocal of Antibody Titer

Micro-PRNT Macro-PRNT
JEV Antiserum 1st test 2nd test lst test 2nd test
Monkey V141 55 40 80 28
Monkey V145 62 72 48 78
Rabbit 1 2560 1100 ~10240 6400

Table 2, Serological* Results: Mature and Immature Pasger montanus

Serum titers vs, JEV

Bird No. Birds Tested >1:10 (%) >1:20 (%)
immature® 244 20 (8.2) 8 (3.3)
mature™ 346 36 (10.4) 10 (2.8)

* 50% plaque reduction by micro-culture PRNT
X less than 4 to 6 months old (pre-molt)
xx 6 months to 4-5 years.
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Table 3. Monthly Prevalence of JZV Neutralizing Aciivity in Posser

pmontanys serum,
Serum Titer vs 5V
Date Bled+ No, Birds No, 21:10 % No, 21:2C %
June 1970 43 0 0 . 0 0
july 1970 45% 5 11,1 4 8.5
August 1970 g2*% 7 11,9 6 10.0
September 1970 727 4 86 0 0
October 1970 46 J 2,2 0 9.
November 1970 139 10 7.2 3 2.2
January 1871 95 19 20,0 6 6.3
February 1971 59 15 25,4 . 3 S.1
March 1971 62 3 4.8 0 0
April 1971 37 3 8.1 0 0
Total 660 67 10,2 22 3.3

+ No trapping done in December 1970 or May 1970 & 1971,
* 4] sera run by marro-plague PRNT
m‘ 2 " [} L] [1] " n
m 27 n L[] " n n n
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Table 4, Comparison of JEV, Wesselsbron and Dengue 4 Serum Neu- 1
tralizing Titers in Mature Pagger montanusg

Month Serum Titer vs
Bled IEV Wesselsbron Dengue 4

21:10(%) >1:20(%) 21:10(%) >1:20(%) >1:10(%) 1:20(%)

Jan ;5(")(18.3) 5(6.1) 0(0) 0(0) 8(s3)  2(13.3)
82 82 15 15 15 15

Feb 14(24) 3(5.2) 8(16.6)  2(4.2) 12{25.5) 6(12.7)
58

58 48 48 47 47
Mar™ (o) 0(0) 1(4.8) 0(0) 2(9.5) 0(0)
50 50 21 21 21 21
April 2(5.49 o(o} 2Q11,1)  0(0) 5(27.8) 3(16.7)
37 37 18 18 18 18

Total 26(11.,5) 8(3.5)  _11(10.8) 2 (2.0) 27(26.4) 11(10,9)
227 227 102 102 101 101

(x) Total birds positive
Total birds tested

xx Includes 10 immature birds
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Table 5. HAI Tests on Small Wild Vertebrate S8era, Chiengmai

No. Serum No, Sera HAL pgsigvextg;

Animal Tested Dl D2 D3 D4 IE Chik*

1, Passer montanus 20 0 & 1 1 1 2
(tree sparrow)

2, Calotes mystaccus 20 1 79 3 2 5
{(gingka lzard)

3. Bandicota indica 14 0 0 0 0 0 0
(bandicoot)

4, Rattus rattus 7 0 0 0 0 0 0
(roof rat)

X tter 21:20 * titers rangeadfrom 1:20 to >1:160.

xx 4 of 4 sera titered 1:40
xxx 1 of 7 sera titered 1:40




Table 6, Zootropism of Vector Mosquitoes: Bird Bait Trap and Sweep vacuum
Mosquito Collections, Chiangmai

Mosq. No. Mosq. No.

Location Collection Irap Nights  Species Collected Fed
1. Chiangmai City Sweep-vac® 2(11-12 Feb 71) C, quinquefasciatus 95 2
(Buildings) M. uniformis 1 (]
E, luzonensis 1 0
C. gelidus™* 5 2%
2, Chiangmai City Bait trapxx 7(12 Feb to C. quinquefasciatus 95 89
(Tees, roofs, porches) 20 Mar)

29 traps/night

3. Chiangmai Villages Bait trap 8(14 Feb 71 to C, quinquefasciatus 1 1
(Vegetation near 25 Mar 71)
nouses cow & pig 18 traps/night
pens™@)

4, Chiangmai Valley Bait trap 3(23-25 Mar 71) C. bitaeniorhynchus i7 11
(Marshes or rice 7 traps/night  C, vishnui subgrp, 2 (1]
fleldsX) C. nigropunctatus 2 0

x Collections made adjacent to P. montanus roosts & nests,

xx Each trap baited with 2-6 live P. mopntanug overnight.

xxx JEV vector; blood meal idcntified as bovine (1'‘mosq.) and non-reactive
(1 mosq.) when tested against battery of antisera, including anti-bird
(sparrow) serum.

xxxx preferred habitat for 3 vectcr mnsquitoes species.
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Table 7. Group B arbovirus Serology(") in Bats: Chiangmait 1970, 1

Serum Titer

Virus 21:10 (%) >1:20 (%) >1:40 (%)
JEV 2669 (48) 8 (15) 5 (9)
54 54 54
Wesselsbron 0 (0) -~ -
52
Dengue 4 17 (25) 3 (6) 9 (0)
} 48 51 51

x 50% plaque reduction by micro-culture PRNT
xx Totzl sera positive
Total sera tested
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Zoonotic Aspects of JEV Infection outside the Chiangmai Valley

Progress: Operators of several swine breeding farms have requested
assistance from SMRL because sows in their herds seemed to be ex-
periencing a large number of abortions, stillbirths, or pigs born to
weak at birth to survive. These farms were located at diverse areas
of Thailand. They were the Thai Supreme Command's Mobile Develop-
ment Unit in Saiyok, Kanchanaburl Province, The Kasetsart University
pig farm at Tubkwang, Saraburi Province, and a smaller catholic
operated farm near the town of Nong Khai, Nong Khai Province in
Northeastern Thailand. In addition to JEV, herds at these farms were
checked for evidence of leptospirosis and brucellosis (reports of the
bacteriologic studies are reported in the section on bacterial diseases
of man and animals). A summary of the serologic results from these
three areas are shown in Table 1. Although there was evidence of JEV
infection at the MDU in Saiyok, it did not compare with that found at
Tubkwang and Nong Khai, Virus isolation by intraperitoneal inoculation
of whole blood into weanling mice was aitempted at both Saiyok and
Nong Khai; JEV was isolat .d in this manner from one yearling boar in
the Nong Khai herd in December.EFrom these findings it is apparent that
JEV has a wide geographical distribution in Thailand. Further efforts to
isolate JEV from sows and stillborn or aborted fetus and correlation to
sequential serological examinations are required to establish with
certainly that JEV is at least partly responsible for the problems swine
producers in Thailand seem to be experiencing.

' Principal Investigator: Cennis O, Johnsen, MA] VC

Table 1, JEV Serology Results of Pigs outside Chiangmai Valley.

No. pigs Median

examined JE HI titer Range
Saiyok 58 8.7 less than 1:10 to
1:2560
Tubkwang 171 125 less than 1320 to
1:2560
Nong Khai 13 197 1:40 to 1:1280
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Title: Experimental Infections of Thai Domestic Animals with Japanese
Encephalitis Virus

Principal Investigators; Debhanom Muangman, M,D, Dr, P, H,
Dennis O, Johnsen, MA], VC
Douglas J, Gould, Ph,D,
Robert Edelman, LIC MC
8uchinda Udomsakdi, M.D,

Objective; The purpose of this investigation was to determine if Thai
domestic dogs, water-buffalo, pigs and cattle may serve as zoonotic
viral amplifers in the epidemiology of Japanese Encephalitis Virus (JEV)
in Northern Thailand,

Background: Evidence that pigs are involved in the epidemiology of
Japanesge encephalitis has baen established by studies performed in
Japan. In contrast to Japan, the animal census in Chiangmai, Thailand
has shown that the populations of other domestic species such as dog,
water-buffalo and cattle often approach and in some cases exceed the
pig population. Furthermore, pigs in Northern Thailand are born through-
out the year, so there 18 not a larger population of susceptible pigs
relative to other species present at the time of the outbreaks of Japanese
H encephalitis,

If transmission of Japanese encephalitis occurs when mosquitoes

H carry the virus from an infected animal to man, then several species of
domestic animals in the Chiangmai area should be considered as being

amplifying hosts {n addition to the suspected pig. From data collected

in 2 serological surveys of domestic animals in Chiangmai within the

last year, water-buffalo, cattle, dogs, and horses all have a higher

percentage of serum HI antibody to JEV than pigs. Each of these animal

species produces a number of offspring that are probably susceptible to

infection at the time the encephalitis season begns each year, Investi- q

gators from Japan isolated JEV from cow's blood (Otsuka 8. et al., Virus

19 (6):336-339, 1969). However, in a previous study (Gould et al.,

SEATO Annual Progress Report, 1966 p., 42) conducted at this laboratory

viremia was not detectad in cattle following subcutaneous inoculation

of JEV., Work by Carey (Ind. J, Med. Res,, 56, 1968) confirmed Gould's

finding, Other work c>aducted in Japan (Gresser et al,, Jap. J. Exp. Med,

V, 28, No, 4, 1958 p, 243-248) has shown that horses became viremic

after being bitten by JE-infected mosquitoes, and this viremia was suffi-

cient to infect feeding mosquitoes., However, horses are not kept in the

villages of Chiangmat and were not studied here, To our knowledge, no

investigations of JEV infections in dogs have been reported. Young
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chickens experimentally inoculated with JEV apparently produce both
antibody and viremia, but adult chickens bled in field studies includ-
ing Chiangmat had no evidence of JEV {nfection.

In Chiangmai, 3 of 13 field isolates of JEV have been made from
mosquitoes trapped while feeding on water-buffalo or cattle, Ten more
JEV isolates were made from mosquitoes collected in light traps placed
near bovines and pigs. Culex tritaeniorhynchus, a known 7sV voctor,
and Culex fuscocephala, a potentially-important JEV vector, are present
tn Chiangmai area year round and preferentially feed upon the large
domestic animals; they also feed upon man, The analyses of blood in
the midguts of these wild-caught JE vector mosquitoes indicate their
marked preference for bovine blood., The question of whether or not
domestic animals other than the pig may act as important amplifying
hosts for JEV must be resolved before sound methods for controlling JE
epidemic diseass can be formulated. 8ince dogs, water-buffalo, pigs
and cattles are quite prevalent in the rural villages of northern Thailand,
these animals were studied in the labeoratory to determine their ability to
develop viremia after inoculation with JEV, In addition, the serological
responses of-<these controlled laboratory infections provide a basis for
the interpretation of the HI serological patterns found in Chiangmeai village
animals, from whom no viruses were isolated, Representative HI antibody
pattemns from indigenous Chiangmai animals are shown in Table 1,

Experimental Animals: Two domestic water-buffalo (Babulus balbus);

#B (female) and #D (male) approximately 11 months old, were obtained
from Nakorn Pathom and Ang Thong Provinces, Thailand, These animals
and those described below were housed in mosquito-proof rooms thiough-
out the experiment. They received daily feeding and veterinary care.

Three domestic dogs {Canis familiaris); Dog #A (male) born at Vet, Med.
Lab, was 11 months old; Dog #3 (male) and Dog #4 (female), 19 months
old, came from Din-Daeng dog compound, Bangkok.

Two domestic pigs (Sus scrofa); Pig #226 (male), Pig #229 (female)
were 2 1/2 months old when they were bought from Bang Kae District, a
suburb of Bangkok,

Two cattle calves (Bos tar..us) both males age 4-5 months old (#1
and #2), were born and raised at SMRL,

All of the above animals were selected because they were free of
demonstrable HI and NT antibodies to JEV,
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Viruses: JE virus, strain BKM-984-70, SM2, was originally isolated from
Culex mosquitoes in Chiangmai. This virus strain was used in every
experiment including JEV challenge. Tembusu virus, Strain BKM-4165-
70, SM2, was 2lso originally {solated from wild-caught mosquitoes in
Chiangmai.

Mosguitoes: First generation (3-4 days old) laboratory-raised progeny

of wild-caught Culex tritaeniorhynchus from Bangkhen District, a suburb

of Bangkok, were infected by allowing them to feed on JE viremic baby
chicks overnight. Each 1 day old chick had been inoculated subcutaneous-
ly with JEV (1700 PFU) 2 days previously. Blood-engorged mosquitoes were
collected and maintained on 5% glucose and water for 12-13 days in the
insectary at Entomology Department before transmission attempts were
made, After each transmission attempt, fed mosquitoes were individually
triturated and tested for virus in MK2 cell culture and suckling mice.
Groups of uniafected Culex tritaeniorhynchus females were induced to

feed on dogs and water buffalo on day 2, 3, 4 post infer.ive mosquito
feeding (PIMF), Engorged mosquitoes from this feeding ware kept for 10
days and tested for virus as above, Attempts to transmit JEV to uninfected
mosquitoes were not done in the pig and cattle experiments due to a
shortage of mosquitoes,

Serological tests: Five ml of blood was drawn at various intervals after
JEV challenges., The sera were tested for the presence of Hi antibodies

to gro'p B arboviruses present in Thailand {.e, dengue 1-4, JEV, Tembusu,
and Wesselsbron,

Virus [solation Systems: LLC-MK2 cell culture (direct and delayed plaque
method) and suckling mice were used, Serum, separated from the clotted
blood, was inoculated into 2 bottles cultures of MX2 cells (0.3 ml/bottle),
Heparinized whole Llood was also drawn from each experimental animal

at various intervals and immediately inoculated into 2 litters of 1-2 day
old white, Swiss mice (8 suckling mice per litter, 0.02 ml of blood I.C./
mouse). The inoculated mice were observed daily for sickness and death
for a period of 21 days. Brains of sick mice were passed at least twice
before the specimens were collected for virus identification, Neutralization
tests were done on virus isolated from animal blood in order to confirm JEV
viremia.

Progress:

Dog and Water Buffalo Study: Presumably-JE infected mosquitoes were
allowed to feed on dogs and water-buffalo for 2 hours on each of 2
consecutive nights. Blood engorged mosquitoes were then collected,
recorded, and individually tested for virus, Then blood was drawn from
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each animal every 12 hours for 7 days and each blood specimen was tested
for virus in MK-2 cell culture and suckling mice. The results are present
in the first 2 columns of Table 2.

Data in Table 2 show that very low level viremia (3PFU/ml blood) was
detected in Dog #A lasting less than 24 hours at 48th hour post-infective
mosquito feeding. However, none of the 8 uninfected mosquitoes that
fed on this dogy at the time of viremia was later found to be infected. No
viremia wag detected in the other 2 dogs and 2 water-buffalo,

The exnerimental desiqn and results of the serological studies are
summarized in Tables 3,4,5,

Buffalo #B (Table 3) had only low titer serological responses to 3
consecutive inoculations with JEV. With a very high dose of JEV in the
fourth challenge (4x10° PFU), H: titer to JEV rose only to 1:40 at day 7
with low titer cross-reactions to some other group B antigens. Buffalo
#D (Table 4) had similar low and transient serological responses.

This weak and trarsient antibody response probably reflects a respons-»
to the large amount of antigen injecied repeatedly rather than virus repli -
cation in vivo. The low HI titers and cross reactive antibodies in these
experimentally challenged animals reproduce the serological patterns noted
in animals bled in Chiangmai area (see Table 1). On this basis, it is
llkely that water buffaio in Chiangmati are repeatedly inoculated with JEV
by vector mosquitoes. The meagre antibody responses, the absence of
detectable viremia, and the inability to infect mosquito vectors support
the conclusion that water~buffalo are not important amplifying hosts of
JEV,

Dog #A (Table 5) which developed detectable viremia showed significant
HI antibodies to JEV and dengue-4 from day 7 (PIMF) but it is impossible to
tell whether antibody responses are due to infection by mosquito feeding or
to JEV tnoculation, Dog #3 shows similar heterologous responses to dengue
4 after mosquito and inoculation challenges. Dog #4 shows only low titer-
ed and transient antibody response after inoculation challenge., The sero~
logical patterns for the 3 dogs are similar to the serological patterns
observed in Chiangmai dogs (Table 1),

JEV viremia was detected in 1 of 3 dogs bitten by JE infectad mosqui-
toes but the viremia was brief, low titered and did not infect susceptible
mosquito vectors, Therefore, it is less likely that dogs are as important
JEV amplifying hosts as pigs reported halow,
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Pig Study: Experimental procedures employed were similar to the water-
buffalo and dog experiment reported above, except that Tembusu virus rather
than JEV was given as a second virus challenge to pigs initially challenged
to JEV, Tembusu virus has been recovered from Chiangmai mosquito species
that are known to bite pigs,

Following JEV challenge, pig #229 developed high~titered Ju viremia
for about 3 days (Table 2); pig #226 did not circulate detectable virus,
No antibody response was detected in the non-viremic pig #226 (Table 6)
but a high=titered broadly reactive antibody response occurred in the
viremic pig #229, with highest titers to JEV, Following Tembusu challenge
44 days after JEV, plg #226 devzloped specific Tembusu antibody, while
pig #229, previously sensitized to group B antigen, had an anamnestic
heterogpecific antibody response with highest titers to JEV, Because
Tembusu viremia was not monitored, it is unknown whether Tembusu re-
plicated in pigs. However, JEV seems to be capable of replicating vigor=-
ously in pigs.

The HI antibody patterns noted after both virus infections in Pig #229
are similar to those found in indigenous Chiangmal pigs (Table 2}, On
the other hand, no pig in Ghiangmai had antibody patterns that resembled
plg #226 after Tembusu infection, Thus there is no clear evidence that a
group B arbovirus other than JEV infects pigs in Chiangmai,

Cunclusions: 1) Of ali the animals studied, the pig is the most likely
candidate for a JEV amplifying host, It shows a vigorous antibody response
indicati\ée of virus replication in vivo and also circulates virus at high
titer (10° PFU/ml blood) for at least 3 days.

2) Dogs are shown to be susceptible to JE infection, In
contrast to the pig, their low t/ .ered HI antibody responses suggest a
more limited virus replication {n vivo which is also reflected by the low
and transient viremia of less than 24 hours. Moreaover, only 1 of 3 dogs
was found to be viremic and none of the susceptible mosquitces fed on
this animal became infected. Thus, the dog would not be considered as
a good amplifying host for JEV .

3) The water-buffalo seem to be poor hosts for JEV repli-
cation giving low serological responses only after repeated JEV challenges
by high titred inoculums, In addition, viremia was not detected by frequent
titration of the animal's blood for 7 days. None ¢ the susceptible mos~
quitoes which fed on these animals became infected.

4) The serological patterns in these experimental animals
resembling those noted in the Chiangmai valley for these animals provide
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indirect evidence that JEV is infecting the indigenous animals in Chiangmai.

5) The preliminary results of the cattle experiment in progress
shows no detectable viremia for 7 days after infective mosquito feeding,
Cattle, like water-buffalo, thus appear not to be good amplyfying hosts
for JEV,
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Table 1. Representative *.{ Antibody Patterns. Indigenous Animal Sera,
Chiangmai, 1970,

. Jeciprocal of HI titeragainst
Anjmal DI D2 D3 D4 IEV  IEMB = WESS

buttalo 10 10 10 20 80 40 20
cattle o o 10 w0 20 10
pig 160 160 320 640 2560 1280 1280
dog 10 20 40 320 640 160 40
horse 0 0 0 20 40 20 10
cat o o o0 1o 80 10 0
chicken 10 20 20 40 160 640 80
duck 20 20 40 80 320 1280 80

(1) Titer 0 = <1:10; D1-4 = dengue 1-4, TEMB = Tembusu, Wess = Wesselsbron
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Table 2, JEV Transmission Experiments in Dogs, Water-Buffalo, Pigs
and Cattle

Water

—Dog | buffalo  __Plg __ _Cattle
#A #3 #4 #B #D  #226 #229 #1  #2

No. of presumably

-JE infected

mosguitoes that

fed e 2 2 1 4 0 5 12 11

No, of fed
mosquitoes foynd
to be 1nfectedl({3

Viremia detected

{hours after

mosquitoes @)

feedings) 48 - - - -

36'48‘ had -
60,72,84

Level of viremia

detected (PFU/ml

of blood) 3 - - - - - approx, - -
100

(1) Presumably JE infected mosquitoes were 12 - 13 days post infectious
blood meal

(2) Presumably-~JE infected mosquitoes which became engorged after feeding
on the above domestic animals were individually triturated and tested
for virus immediately in MK2 cell culture and suckling mice {I,C,)

(3) No virus detected,
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Table 3. HI Response of Thai Water-Buffalo #B to JEV Challenges

Days after JEV Chailenge Reciprocal of HI Titer
agajngt:
1st 2nd 3rd 4th D1 D2 D3 D4 JEV  Tembusu Wess,
0(1) (2) 0(5) 0 0 1] 0 0 0
7 0 0 0 0 0 0 0 0
7 0 0 0 [ 20 0 0
14 0 0 0 0 20 10 0
21 0 0 0 0 20 10 0
38 ®) 0 0 0 0 10 0 0
90 e 0 0 0 0 0 0 0
7 0 0 0 0 20 10 0
21 ) 0 0 0 0 20 10 0
30 0 0 0 0 0 10 10 0
7 10 0 0 0 40 20 10
28 10 0 0 10 20 20 10

(1) 1 JEV-infected mosquito fed on water-buffalo #B on day 0

(2) Subcutanecus (8C) inoculation with JEV (BKM-984-70, leoS PFU),
(3) 8c. tnoculation with JkV {2,5x107 PFU),

{4) 8c. tnoculation with JEV (1x109 PPU at 4 sites),

(5) Titer (0 =<1:10
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Table 4, HI Response of Thai Water Bufalo #D to JEV Challenges

Days after JEV Reciprocal HI Titer
challenge agajnsgt

Ist 2nd 3rd 4th Dl D2 D3 D4 JEV Tembusu Wess,

oll) @ o® o0 o o 0 0 0

7 0 0 0 o0 0 0 0 0

7 0 6 0 o0 0 0 0

14 0 0 0 o 0 0 0

21 0 0 0 o0 0 0 0

38 o) 0 0 0 0 10 0 0

9 ¢ 0 0o 0 0 0 0 0

7 0 0 0 o 0 0 0

21 0 0 0 o 0 0 0

30 ol o 0o o0 0 10 0 0

7 10 10 0 0 40 40 20

28 0 0 0 0 40 20 20

(1) 4 JEV-infected mosquitoes fed on water buffalo #D on day 0
(2) Sc. inoculation with JEV (6x10S PFU).

(3) 8c. inoculation with JEV (2.5x107 PFU).

(4) Sc. inoculation with JEV (1x10% PFU at 4 sites)

(5) Titer 0 = <1:10
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Table 5, HI Responses of Thai Dogs to JEV Challenges 4

Days after Reciprocal HI titer

—challenge agajngt

1st 2nd Dl D2 D3 D4 JEV Tembusu Wess,

Dog #A

o) @) 0 " 0 0 0 0 0

7 0 0 0 0 0 0 0 0
7 0 0 0 40 40 10 10
14 10 0 0 40 40 10 10
21 10 0 0 40 40 10 10
38 0 0 0 10 20 10 10

Dog #3

ofD) o o o 0 0 0 0

7 02 6 0 0 0 0 0 0
7 10 0 10 40 160 10 10
14 10 0 1o 40 160 10 10
21 10 0 10 40 160 10 10
38 0o P 0 20 80 10 10

Dog #4

ol 2) o 0o 0 o 0 0 0

7 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0
21 0 0 0 20 20 10 0
38 0 0 0 10 10 0 0

(1) JE-infected mosquitoas fed on dog #A, #3, and #4.
(2) Sc inoculation with JEV (6x105 PFU/dogq)

(3) Titer 0 =<1:10
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Table 6. HI Responses of That Pigs to JEV and Tembusu Challenges

_Days after challenge Reciprocal HI titer against
1st 2nd D1 D2 D3 D4 JEV Tembusu Wess,
P 26
goﬁ) 0(3) 0 0 0 0 0 0
7 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0
21 @) 0 0 0 0 0 0 0
44 0 0 0 0 0 0 0 0
7 0 1] 0 0 0 10 0
14 0 0 0 0 0 40 0
21 0 0 0 0 1] 20 0
35 0 0 0 0 0 0 0
Pig 9
0‘Hf 0 0 0 0 0 0 0
7 0 0 0 10 80 20 0
14 0 9 0 80 320 40 20
21 @) 10 20 10 80 320 40 40
44 0 20 20 20 40 160 40 40
7 20 20 20 80 160 80 40
14 40 40 40 160 640 160 80
21 40 40 40 80 160 80 80

(1) JE-infected mosquitoes probed on Pig #226 and fed on Pig #229, JEV
viremia was detected in Pig #229 from 36 to 84 hours after mosquito
feeding (av. titer = 102 PFU/ml. blood)

(2) Sc inoculation with Tembusu virus (l.SxIO3 PFU/pig)

(3) Titer 0 = <1:10
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Title: Experinental Transmission of Japanese Encephalitis Virus by
Culex fuscocerhala.

Principal Investigators: Debhanom Muangman, M.D,, Dr, P,H,
Robert Edel' =n, LTC, MC
Michael J. cullivan, CPT, MS*®
Douglas J. Gould, Ph.D.

Objective: To determine if Culex fuscocephala mosquitoes can be
infected by and transmit JE virus to a susceptible animal host.

Background: JEV mosquito vectors in Thailand have been previously
identified as Culex tritaeniorhynchus Giles and Culex gelidus Theobald.
In 1970, during a JE epidemic, JE virus was isolated from 2 pools of
female Culex fuscocephala Theobald collected in Chiangmai, a northern
province of Thailand. In this epidemic area, C. fuscocephala were
found to be as abundant as C. tritaeniorhynchus, a known JE vector.
Furthermore, their feeding and breeding habits were very similar. They
also feed on a wide variety of wild and domestic animals including man.
Except for 2 previous reports from Taiwan in 1958 of JEV isolations from
this mosquito species, C. fuscocephala has not been implicated as a
potentially important JEV vector. To our knowledge, no published study
has evaluated its efficiency as a vector of JEV.

Material & Methods: JE virus strain, BKM-984-70, was isolated from a
pool of 100 Culex fuscocephala females collected in Chiangmal in 1970,
Thus stock virus had undergone 3 passages in suckling mice and was
prepared as a 10% mouse brain suspension in bovine albumin phosphate
saline (BAPS). First generations of wild-caught Culex tritaeniorhynchus
and Culex fuscocephala females were allowed to feed on viremic white
leghorn chicks which had been inoculated 55 hours earlier with

1,700 PFU of JEV subcutanzously. Engorged mosquitoes were then
collected and maintained for transmission experiments. At selected
days atter the infectious blood meal, each of 8-10 presumably-infected
mosquitoes from each species was induced to feed on 1 day old chicks
at night. After overnight exposure, each mosquito was inspected for
presence of blood in its midgut under a dissecting microscope and tested
for the presence of virus in LLC-MK2 cell culture and suckling mice.
Chicks which were exposed to presumably infected mosquitoes were
kept for 2-3 days before their blood was drawn and tested for viremia.
Thus, one group of presumably-infected mosquitoes was individually
triturated and tested for virus after each transmission attempt while
another group from the same cohort was similarly titrated without being
allowed to feed on chicks. In addition, plague reduction neutralization
tests were performed on all virus isolates from the chick sera in order to
confirm JE viremia.
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( Results: 1) JE virus :nultiplication in C, tritaeniorhynchus and C,

fuscocephala: Fig. 1 below shows that JE virus multiplies equally well
in both mosquito species.

2) Infection Rates: In Tablel, the data demonstrates that more
than 90% of both mosquito species are infected with JEV after feeding on
viremic chicks and the infection remains at high level for at least 27 days.

3) Transmission Rates: In Table 2, both mosquito species show
similar ability in transmitting JE virus to baby chicks. All virus isolates
from chick sera were proven to be JEV by neutralization test.

4) Relationship between Moisquito Engorgement and Virus
Transmission: Data in Table 3 si. .-’s that JE virus transmission could
occur either by feeding until blood engorgement occurs or by feeding without
engorgement (probing only).

Discussion & Conclusions: It was demonstrated that more than 90% of
C. tritaeniorhynchus and C. fuscocephala became infected after
ingesting very small amounts of JEV (average infecting dose = 8 PFU/
mosquito). jT virus gmultlplled in both mosquito species to comparable,
high titers (above 10° PFU/mosquito) within 10 days after the infectious
blood meal. Once infected, both species maintained high virus titers
through at least four weeks. The average transmission rates in both
mosquito species were found to be similar (16% and 17%). These low
transmission rates might be due to several factors, such as low
concentration of JE virus initially ingested (BPFU/mosquito), somewhat
low insectary temperature (25 -27 C), or the combination of first
generation of wild-caught mosquitoes and JE virus of low passage.
Evidence suggests that virus transmission occurred after mosquito probing
as well as after feeding to repletion.

Thus, we have demonstrated a high vector efficiency of C. fuscocephala
in the laboratory when compared with C, tritaenicrhynchus, a confirmed
JEV vector. Together with fleld observations, these data provide strong
evidence to incriminate Culex fuscocephala as a potentially important
vector of JE virus in the northern part of Thailand.




Table 1, Number of Culex enjorhynchus and Culex fugcocephala

infected with JE virus at various days after the infectious

blood meal

Days after the

infectious blood meal C. fuscocephala C. tritaeniorhynchus _
10 19/20* 20/20%
11 20/20 18/70
19 20/20 18/20
27 14/15 18/20
TOTAL 73/95(97%) 74/80(92%)

*No, of mosquitoes infected
Total mosquitoes tested

-




( Table 2, Comparison of the transmission rates of JEV-infected Culex

fuscocephala and Culex tritaeniorhynchus mosquitoes¥

Days after the —% Transmission rate
infectious blood meal C. fusco C.tri  C. fusco C.trd
10 1/10%* 0/10%* 10% 0%
11 2/10 1/10 20% 10%
19 2/10 4/10 20% 40%
27 1/8 2/10 12% 20%
TOTAL 6/38 7/40 16%%** 17%%4*

* Each mosquito was tested for the presence of virus immedi2tely after

the transmission attempt and all were found to be infected.

** No, of viremjc chicks
total no, chicks exposed

*** Average transmission rate




Table 3. Relationship between mosquito engorgement and transmission of

JE virus to 1-2 day old chicks

Virus trar.smission Engorged Mosguitoes* _Unengorged Meosquitoes
C, fusco, C, tri, C, fusco, C, t
positive 3 S 3 2
negative 3 14 29 19
Total 6 19 32 21

* Mosquitoes with the presence of blood in the abdomen after an overnight

exposure to 1-2 day old chicks,
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JE Virus Recovery afier High Speed Centrifugation of Presumably-Infacted
Mosquito Pools

Principal Investigators: Debhanom Muangman, M.D,, Dr,P.H,
Robert Edelman, LTC, MC
Douglas J. Gould, Ph,D,

Objective: To determine 1) whether high speed centrifugation

or 2) the presence of large number of uninfected
mosquitoes in a presumably-infected mosquito pool would influence virus
recovery from the supernatent fluid of that triturated pool,

Background: In the Chiangmai JEV project, virus was !solated from
triturated pools of various mosquito species clarified by high speed
centrifugation (10,000 rpm at 4°C for 30 min), No experimental data

are available which show the possible deleterious effect of such centri-
fugation on virus recovery. Furthermore, Yuill (SEATO Lab) had reported
in the past that the presence of large number of uninfected mosquitoes in
a pool might decrease the chance of virus recovery in LLC~-MK2 cell
culture due to virus inhibitors released by mosquito tissues, The current
study was designed to elucidate the effect of centrifugation on virus
recovery and to confirm that mosquito tissues are indeed inhibitory in
tissue culture.

Progress: Presumably - JEV infected Culex tritaeniorhynchus (13 da;s
post infectious blood meal) was triturated with 99 uninfected Culex tri,

in 4 ml. of Bovine Albumin Phosphate Saline (BAPS) which contained
penicillin, streptomycin, and Fungicidin, A total of 10 such pools were
triturated, The triturated mosquito pool was divided into 2 equal portions.
The first portion was centrifuged at 10,000 rpm, at 4 C for 30 min, The
second portion was left in a container surrounded by wet ice in a refrigerator
at 4°C for the same period of time, After that, the iwo supernatent fluids
were collected and tested for the presence of virus in suckling mice {I.C,)
and in LLC-MK2 cell culture (direct and dslayed plaque method), The
results are shown in Table 1,

The results demonstrate no significant difference in virus recovery in
centrifuged and non-centrifuged portions of each of the 10 mosquito pools,
Although MK2 call culture and suckling mice seem to be almost equally
sensitive in detecting virus, contamination (especially with fungi) of
tiscue culture occurs about 5 times more frequently in non-centrifuged
than uncentrifuged specimens, The suckling mice were apparently not
affected by this contamination, Thus centrifugation apparently does not
impair recovery of JEV from infected mosquito suspensions., On the same
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day of the previous experiment, 23 presumably JEV infected mosquitoes
from the same infected mosquito lot were individually triturated in 1 ml.
of BAPS, centrifuged, and tested for virus in MK2 cells. The results
were compared with MK2 cell virus recovery from the 10 mosquito pools
composed of 1 infected mosquito and 99 uninfected ones (Table 1). The
results in Table 2 provide evidence that the presence of at least 99
uninfected mosquitoes in a pool of 100 mosquitoes did not interfere with
the detection of virus in that pool as isolated in MK2 cell. Thus, we
were unable to confirm Yuill's observation that large amounts of triturated
mosquito tissues might have virus inhibitory effect in tissue culture,

e




Table 1, Virus Recovery from Centrifuged and Non-Centrifuged Mosquito
Suspensions in Suckling Mice and LLC-MK2 Cell Culture,

Centrifuged Non-Centrifuged
Suckling Mice MK2 8Suckling Mice MK2
2/10% 3/10 2/10 2/10

* No, pools posjtive
No, pools tested

Table 2, Infection Rates of Presumably-Infected Culex tritaeniorhynchus
Triturated alone (A) or with 99 Uninfected Mosquitoes of the
Same Species (B)

Mosggquito Pogols~A* Mogquito Pools = B¥*

No, Pools infected*** 6/23 3/10
No. Pools tested 1

Infection rate 26% 30%

* 1 Presumably - JE infected mosquito,in 1 ml diluent

** ] Presumably - JE infected mosquito and 99 uninfected mosquitoes in
4 ml diluent

*** JE virus isolations in MK2 cell culture,




The Sensitive Host for Recovery of Japanese Encephalitis Virus (JEV)

Principal Investigators: Pairatana Gunakasem, M,D.
Robert Edelman, LTC MC

Asgoclate Investigator: Franklin H, Top, LIC MC

Background: In the previous Annual Report, Aedes albopjctus cells (Sinyh
line) were shown to be equally or more sensitive than LLC-MK2 cells for
the growth of arboviruses recovered in Thailand, The viruses tested were
the 4 serotypes of dengue, JEV, Wesselsbron, Ingwavuma and Tembusu
viruses, The virus titer obtained in Aedes albopictus cells was generally
higher than that in MK2 cells and the peak virus titer in A, albopjctus
cells appeared earlier than in MK2 cell. The present study was designed
to compare A, albopictus cells'and MK-2 cells as isolation systems for
recovery of JEV from the brain of fatal human cases and from the brain of
grimates intracerebrally inoculated with various strains of JEV,

Methods: The host systems used for virus {solation were A, albopictug
cells, LLC~MK2 cells and one-day old mice, The method of virus assay
was plaque titration in LLC-MK2 cells,

Before inoculation, brain suspensions were serially diluted ten-fold
and each dilution was inoculated into A, albopictus cells, MK2 cells
and one-day old mice. The sensitivity of the 2 tigssue cultures was
defined as the highest d}llbtlon of brain suspension that yielded a virus
titer of not less than 10 in the fluid phase of the infected cell culture,
In tissue culture systems half of the fluid supernatent was sampled and
replaced with equal volumes of fresh medium. The period of study was
7 days. In mice, the morbidity ratio of the first brain passage was used
to indicate the growth of virus, Two litters (15 mice) were used for the
intracerebral inoculation of each brain dilution, The volumes of virus
inoculation in tissue culture and mice were 0,3 ml and 0,02 m\ respectively.

Progrecs: 1. Recovery of JEV from experlmantal mon?eas* Five monkeys
were inoculated intracerebrally with 7x10%+0 to 1x10 . PFU JEV per 0,25~
0.5 ml tnoculum. The passage history of the virus used in each monkey

18 shown in Table 1; two JEV strains were isolated from infected mosqui-

to pools while the third strain was originally isolated from a human

brain, Within 7 days after inoculation the monkeys develnped intermittent
fever, lethargy, paresis and collapse, The monkeys were sacrificed

within 1 or 2 days after symptoms developed, the brains removed, and
portions frozen for virus recovery and fixed for histopathological analysis.,
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Monkey y-0102 was not killed 1 to 2 days after paresis developed but
rather 2 weeks later, It was anticipated that the virus titer in the brain
of this monkey would be lower than the 4 other subjects and that the low
titer would better test the abilities of the isolation systems to recover
IEVO

The results in Table 1 show that A, albopictus cells are more
sensitive than MK2 in the recovery of JEV from monkey brains, and
aenerally detected virus at a 10-fold less dilution than obtained in
MK2 cells, No virus was recovered in either cell culture in the monkey
killed after 2 week of paralysis. Both cell cultures were more sensitive
than suckling mice in these experiments,

2. Recovery of JEV from human brain: Suspensions of human brain
from encephalitis cases were used to test the recovery of JEV by direct
and delayed plaque in LLC-MK2 cells and in suckling mice; the results
are shown in the last two columns of Table 2, Remaining suspensions
stored at -709C were thawed, diluted ten-fold and inoculated into A,
albopictus cells, MK2 cells and one~day old mice, Agreement between
initial isolation and reisolation results in MK-2 cells was found, In
the reisolation, A. albopictus cells were more sensitive than MK2 cells
except for specimen 48642, A. albopictus cell line is the only host
that recovered JEV from brain specimen 45342 from which JEV was not
isolated initially, The mouse isolation technique failed to demonstrate
JEV growth of 48197 (reisolation) and 48642 (primary isolation).

These results would suggest that A, albopictus cell line may be
more sensitive than MK2 for isolation of JEV from infected brain, The
data would gain added significance if replicate experiment cases were
performed in order to confirm the tnitial promising results, Suzkling

mice in these experiments wers far less sensitive than both tissue cultures,
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Table 2. The Sensitivity of A, albopictus Cells, LLC-MK2 Cells and

8pecimen Log

45342
1970*

48197
1971

48642
1971

48944
1971

49349
1871

48633
1971

48579
1971

48530
1971

* Year of virus jsolation

LLC-MK2

Negative

2,0

3.0

1,0

1.0

Negative

Negative

Negative

Undiluted

3.0

3.0

2.0

2,0

Negative

Negative

Negative

** [noculation with undiluted material
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One=-day Old Mice in the Recovery of JEV from Human Brain,

1? dilution of brain ylelding Results of mouse Result of primary
number 21020 virug titer on day 7
A, albopictus

inoculation h
LLO-MK2 Mice
Negative Negative  Negative
Negative Positive Positive
uncilluted 1/16 Positive Negative
1010 o0/16
Not done Positive Positive
Not done Positive Positive
Negative Negative Negative
Negative Negative Negative
Negative Negative Negative




Title: Group B Arbovirus Serology: Search for Humoral Specificity.
Principal Investigators: Robert Edelman, LTIC MC

Associate Investigators: Anong Pariyanonde, M,S,
Marvin H, Firestone, MA] MC
Richard A, Grossman, LTC MC
Suchinda Udomsakdi, M,D,

Objective: To improve serological specificity in group B arbovirus
infections by isolating and titrating serum IgM antbody in individuals
with dengue and Japanese encephalitis virus infections,

Background: A detailed description of this study, together with the IgM
antibody serological results on 39 patients with group B arbovirus infec-
tions, was included {n last year's SMRL Annual Report, Briefly we
observed that the 3 standard serological tests, HI, CF, and PRNT used
alone or in combination cannot clearly identify a type-specific group B
arbovirus antibody in whole serum of individuals who have been previous-
ly infected with group B agents, In an attempt to improve spec...city we
fractionated convaiescent sera obtained from Japanese encephalitis
patients by sucrose density gradient centrifugation and found low-titered
IgM HI antibody directed monospecifically against JEV. The IgG in these
sera reacted heterospecifically in high titers with antigens common to
dengue 1-4 and JEV and was responsible for the cross-reactions noted in
standard serological tests,

We report here studies on the specificity and persistence of circu-
lating IgM antibody in Japanese encephalitis patients, IgM pattemns in
a variety of dengue infections, and the use of IgM analysis to diagnose
fevers of unknown origin,

Progress: A, S8erum IgM Antibody in Japanese Encephalitis Patients,
Chiangmai 1970,

The Dept, of Neuropsychiatry, SMRL, has studled the neuropsychiatric
recovery of convaiescing JE patients, The patients were hospitalized in
Chiangmai and adjacent Lampang Valley ir 1970 and were bled for group B
arbovirus serology (dengue 1-4 and JEV) during hospitalization and at
intervals of weeks to months vver a 1 year followup period. No dengue
transmission was detected in these valieys in 1970, Access to this serum
has provided a unique opportunity to 1) correlate the presence or absence
of detectable JEV IgM antibody with the HI and CF serologlcal pattern
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(primary or secondary infection), 2) determine in a large number of
patients whether or not JEV IgM antibody cross-reacts with dengue
1-4 antigens, 3) study the persistence of circulating IgM antibody
following clinical disease.

Table 1 summarizes the serologic criteria used to dlsﬂngulsh
primary JEV infections and secondary group B arbovirus infections
of unspecified virus type,

A total of 54 encephalitis patients have been studied to date;
their whole serum serological patterns and IgM analyses are summarized
in Table 2. The number of serum specimens analysed from each patient
ranges from 1 to 6, Of 45 patients showing >4-fold rising titers, 19
had a primary JEV infection, and 18 of the 19 had JEV specific IgM
antibody in 1 or more convalescent sera, thus confirming a first infec-
tion with JEV, Fifteen of 26 patients with rising titers and a secondary
group B serological pattern had IgM and thus evidence of first infection
with JEV, All patients with IgM antibody had recent JEV infections,
because IgM was not found in the acute serum, or found in titers signi-
ficantly lower than in convalescent sera, Presumably these 15 patients
had been previously infected by a group B arbovirus other than JEV; this
previous heterologous group B infection did not protect them against
Jepanese encephalitis.

Several possible reasons can be given for the failure to detect IgM
in 11 of the 26 patients with serologically confirmed secondary infections,
First, the high-titered IgG antibody characteristically found in secondary
infection sera tends to contaminate the IgM-containi ig serum sucrose
fractions, If IgM antibody titers are lower than contaminating IgG titers
in such fractions, hey will be 2-mercaptoethanol resistant, and thus
false'y appear to contain no IgM. 8econd, timing of the convalescent
se:ium is important, because the IgM rise may be transient and so be
detectable only 10 to 28 days after the onset of illnegs. For example
three IgM negative patients, with serums drawn on days 9, 42, and 45,
may fall into thiz category. Thirdly, some of these 11 negative patients
may have been infected with JEV before their recent JE infection and
might not produce IgM after a repeat JEV infection. Fourthly, the acute
heterospecific rise in whole serum titers may be caused by a group B
encephalitis virus infection other than JEV. Finally it is conceivable
that some individuals do not synthesize IgM antibody to JEV if they have
been previously sensitized to a related group B agent. The latter 3
explanations are considered less likely than the first 2 offered, In
addition, JEV-IgM antibody was present in 4 of 9 patients with fixed
or falling whole serum titers indicating a recent JEV infection, although
it was not possible to diagnosis a recent infection using standard
serological tests, 800
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Thirty-seven of 39 patients with IgM antibody listed in Table 2 had
titers of IgM antibody reactive only against JEV, Two patients (both
with secondary .nfections) had IgM that cross-reacted with D4 (JE-C-69)
and D1, D2, and D3 (JE-M-37) (see Table 3). Thus IgM antibody pro-
dueced by 39 encephalitis patients was monospecific in 95% of cases,
and in one of the exceptions with heterospecific IgM antibody (JE-C-69)
the high JEV IgM titers and low D4 IgM titers strongly suggested a recent
JEV infection, The unusual combination of high titered, cross-reactive
and persistent IgM antibody found in the other exception, JE-M-37,
remains an enigma; her IgM and whole serum patterns are compatible with
a recent dengue infection (see next section on dengue infections), however
no dengue transmission was documented at the ime (1970) and place
(rural Chiangmai valley) she was in_ected,

The persistence of circulating IgM antibody was determined in the
19 patients with primary and the 18 with secondary group B serological
patterns (Table 2), The results, summarized in Table 4, indicate that
IgM may circulate in gradually declining titers for greater than 5 months
after primary and secondary infections. The IgM was detected in one
patient for at least 14 months. Following sera collected later than 1
month after illness was usually drawn at 2 to 6 month intervals rather
than monthly, Many primary infection patients in particular, had
IgM antibody present in all serum saiaples, so that even longer persistence
would have undoubtedly been documented with additicnal or more frequent
sampling, The time intervals listed in Table 4 therefore represent the
minimum rather than the maximum values for IgM longevity {n vivo,
The question arises whether such long term persistence of IgM 1is asso-
ciated with persistence of the antigen, and if so, whether this antigenic
persistence is clinically significant. Furthermore, will those patients
with prior group B infection as evidenced by a 2° scrological response,
be partially protected as a consequence of prior sensitization and show
fewer neuropsychiatric sequelae (as compared to 1° infections) during
hospitalization and thereafter. Finally does a clinical difference exi:t
between those who had detectable IgM antibody and those who do not.
All of these questions are being examined now in collaboration with the
department of Neuropsychiatry., There were no discernable age or sex
differenc ss between the patient groups with and without IgM antibody;
approximately 1/3 were female and 2/3 were male in both groups, and
ages ranged from 6 to 35 yrs in IgM negative patients and 3 to 47 years
in the IgM positive patients.

C. Serum IgM antibody in inapparent JEV infections.

Approximately 31 Chiangmal villagers and urban school children
studied in 1970 had serological evidence consistent with recent JE or
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group B arbovirus infection. Ten persons had primary JEV infections with
rising cor falling JEV titers; the remaining 21 had secondary infections
with rising, falling or fixed titers. 36 serum from these 31 persons were
fractionated by S-DGC. Only 1 serum from a Chiangmai City school
child contained trace amounts of IgM antibody to dengue 2. The 35 other
serum contained noe demonstrable IgM antibody. The inability to detect
IgM antibody in these sere may have resulted from the 3 mouth interval
between each bleeding, with decay of IgM antibody in the interim; alter- !
nately individuals with inapparent JEV infections may not produce IgM
antibody or produce it for much more limited durations than persons with
encephalitis,

In order to eliminate the latter possibility, serum obtained from 6
family members of 6 encephalitis patients was fractionated, These
family members had experienced an inapparent JEV or group B infection
diagnosed by rising titers in serial serums drawn prospectively over 1-3
week intervals, As shown in Table 5, 4 of the 6 subjects produced IgM
antibody reactive only with JEV, thus confirming that IgM is produced in
inapparent JEV infections,

C. Dengue infections,

The IgM results on 2 patients with dengue hemorrhagic fever (DHF)
(2™ infections) and 6 patients with dengue fever (1° infection) was reported
in last year's Annual Report, Briefly, no IgM antibcdy was found in the
2 patients with DHF and in one with 1° dengue fever. Five dengue fever
patients did have IgM antibody in their convalescent serum, but in 2 of
these individuals the IgM cross~-reacted with either JEV or another dengue
serotype. Four more patients admitted to Bangkok hospitals in 1971 were
studied and are reported below, Three had clinically coafirmed DHF
(CH-404k, CH408k, CH-454m; Table 6) and 1 (RA-005k) had unconfirmed
DHF (hospital record not available). These 4 children were 4 to 6 months
old and all had serological patterns consistent with 1°, rather than 2°

dengue infections. Dengue-2 virus was isolated from 1 patient who also {
developed severe dengue shock syndrome, Low serum complement levels

were found in the 2 patients tested for C' (CH-404k, CH-408k). The IgM

patterns shown in Table 6, reveal that all 4 developed IgM antibody to

dengue, but unlike 95% of JE patients, the IgM untibody was heterospeci-

fic and cross-reacted with one or more of the other dengue serotypes or
JEV. There is no explanation for the predominantly monospecific IgM
antibody in JEV infections, and the heterospecific IgM found with more
regularity in dengue. The appearance of IgM antibody in these patients
confirms the serological diagnosis of a primary dengue infection and
suggests further, that patients under the age of one year can develop
DHF or DSS after a primary dengue infection. One of these patients
(CH-404k = #26, Fig 3) 1s presented in greater detail in the dengue section
of this Annual Report. 802
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D. Tropical fevers cat'sed by Group B arbovirus,

Serial serum sainples were obtained from a Peace Corps volunteer
in Thailand before and after he developed a dengue-like febrile illness,
He had been immunized against yellow feve. before coming to Thailand
and had received a primary and booster course of Biken killed JEV vaccine
after his arrival, As shown in Table 7, results of HI tests were consistent
with a recent 2 group B infection, virus type unspecified. The cross-
reactive IgM antibody in the convalescent serum suggests, more speci-
fically, that he suffered a recent primary dengue virus infection.

MAJ Robert Howarth, ¢th Med Lab, Vietnam, supplied 6 paired sera
from U.8. troops in Vietnam hos;ttalized with fevers of unknown origin,
Five of tha 6 had serological evidence of a recent group B infection, with
rising titers to JEV and to 3 or 4 dengue serotypes. One had high fixed
titers to dengue 1-4 and JEV, These serological results together with
IgM fractionation of the convalescent sera are shown in Table 8. JEV
specific IgM antibody was found in 4 patients, and D1 specific antibody
was detected in 1 patient, One patient was IgM negative, but his
convalescent serum was drawn only 2 days after the acute phase serum,
Thus IgM fractionation of convalescent serum in these FUO patients wiih
2° group B infections provided improved serological specificity, provided
the convalescent seium is drawn at the proper time. No virus isolations
are available to confirm these serological raesults, and the interpretation
rests on serological similarity to previous virus confirmed patients
together with the clinical and epidemiological data,

S.mmary and Conclusions: The fractionation and titration of serum IgM
HAI antibody appears to be @ new 1nd usaful serodiagnostic method in
certain group B arbovirus inctions, It is more virus specific than the
standard serological tests, particularly in secondary infections, and
often allows the diagnosis of a specific recent JEV or dengue infection
at a time when the paired serum show only fixed elevated titers. The
JEV IgM data for gibbons (this annual report) and previous human studies
confirms that IgM antibody is produced after first JEV infection, apparent
or inapparent, and after dengue, but not after a repeat infection with the
swme virus, a finding which has permitted certain seroepidemiological
conclusions about group B arbovirus infections. For example, the presence
of JEV-specific IgiM antibody in serum of encepha.itic catients showing
non-specific secondary group B antibody patterns (indicative of prior
group B infection) suggests that their previous group B infection was not
JEV and that there was no cross-vrotection against the development of
Japanese encephalitis in these patients,

The persistence of circulating IgM antibody .or a long as 14 months
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after Japanese encephalitls suggests that the virus or non-infectious
viral antigens may persist in some ccnvalescing patients beyond the
acute illness, This finding is of considerable theoretical interest in
view of recent work elsewhere on slow virus infections. Another
example of insight gained through IgM analysis concerns the 4 infant
children studied with dengue hemorrhagic fever and shock syndrome.
The detection of IgM antibody in convalescent sera of these children
confirms the serological diagnosis of a primary dangue infections and
thus suggests that children under 1 year can develop dengue compli-
cations following a primary infection rather than after the customary
2nd dengue infections as seen in older children,

The IgM technique has not proven useful in remote infections or
when the convalescent serum cannot be dated with respect to the acute
illness, owing to the transitory appearance oy circulating IgM in most
patients. Moreover the failure to detect IgM antibody by S-DGC,
particularly in secondary infections, may result from technical insen-
sitivity of the procedure (as described above) thereby giving a false
negative result in the presence of low titered IgM antibody. Consequently
the successful detection of IgM antibody has considerably more meaning
then the failure to detect such antibody.




Table 1, JEV Serologic Diagnostic Criteria*

. Serum HI Antibody Titer

Response Acute Convalegcent
primary 1, <1:20 to all dengue 1. >4 fold rise to JE antigen
antigens. 2, Titer to JEV 24 fold titer to
dengue 4

3. <1:80 to dengue 4 antigen

secondary 1, 21:40 to at least one 1, 24-~fold rise to JEV and at
dengue antigen, least one denygyue antigen,
2, Titer to JEV less than 4~fold
greater than titer to dengue
antigens

* Serum titered against Dengue 1-4 and JEV




Table 2, JEV-specific IgM antibody in JE patients listed by serological
group Chiangmal 1970.

Whole serum Total Number of patients in whom:

titer™  pis, IgM antibody detected _ IgM not detected
Primary Secondary Primary Secondary
Rising 45 18 15 1 11
Fixed 6 1 1 0 4
Falling 3 0 2 0 1
| Totals 54 19 18 1 16

x HI and/or CF
xx No serological evidence of previous group B arbovirus infection,
[ xxx Serological evidence of previous group B arbovirus infection,
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Table 3. Cross-reactive IgM Antibody Patterns in Two Patients with
Encephalitis
8-DGC* HI Titre {n 8-DGC Fractions
Patient Fracton_ JEV D4 D3 D2 Dl
C 2ZME C 2ME C 2ME C 2ME C 2ME

JE-M-37
47 yr, woman 3 32 8 16 8 16 8 16 4 32 4
6 Aug. 1970 4 64 8 16 8 >l28 8 64 B 64 4

5 32 8 16 8 16 8 16 4 16 4
Whole 20 July 70 160 320 320 160 160
serum 6 Aug 70 5120 10240 20480 2560 10240
JE-C-69 3 16 4 4 0 4 2 2 2 2 2
17 Aug, 70 4 32 4 8 0 4 2 2 2 2 2

5 16 4 4 0 4 2 2 2 2 2
Whole 31 July 70 5120 1280 1280 1280 640
serum 17 Aug 70 2560 640 1280 1280 540

* gucrose density gradient centrifugation




Table 4. Longevity of IgM antibody in vivo after Japanese encephalitis

Whole serum 7 Number of patients with IgM last detectable**
antibody pattern during month™*

0-1 12 2-3 3-4 4-5 5-8  >8

Primary 11 4 3 1
Secondary 10 4 2 1 1

x HI and/or CF

xx Values represent the minimum interval after illness
xxx After onset of illness
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Table 5, Inapparent Infections (Confirmed & Questionable), Chiangmai

Pt. No./ Serum
HI patternxx Ng, Date
IE-&Z‘-—GC 44585 25 May
1 -R 44586 9 June
46037 14 June
jE-L-121I 44709 11 June
1°-R 44710 23 June
JE-L-11la 44762 15 June
1°-R 44763 29 June
JE-C-26D 44966 29 June
1° =R 44967 13 July
46049 19 Aug
IE-C()J-320 45177 2 July
27 =R 45178 17 July
46206 21 Aug
JE-M=-53d 46635 30 Sept
1° -R 46636 12 Oct
46869 12 Nov

# N.T, = not tested
* D4 =dengued, D1-4 = Dengue 1-4, T = Tembusu, W = Wesselsbron
xx 12 -R = monospecific rising titer to JEV (see Table !*

2° R = heterospecific rising titers to group B antigens {see Table 1)

S-DGC
Results

N.’l .*
N.T.
IgM + JEV

N.T,
IgM + JEV

N,T.
IgM + JEV

N,T.
IgM + JEV
IgM #JEV

N,T.
IgM Neg.
IgM Neg.,

IgM Neg.
N,T.
IgM Neg,

Family Case Members - 1970, Sera fractionated by S-DGC for
IgM Ab vs, D1-4, JE, Tembusu, Wesselsbron,

Antiqgens*

JE,D4,T,W

JE,D4,T,W

JE,D4,T,W

JE, T, D4
JE, T,D4,W

JE, D1-4, T,W
JE,D4, T

D4, JE, T,W




T —

— w v e
Table 6, IgM antibody pattern in infants with dengue hemorrhagic fever &
shock syndromes - 1971,
8-DGC HA[ titer in 8-DGC fractions
Patient fraction _JEV D4 D3 D2 D1
€ 2ME C 2ME C 2ME C 2ME c 2
CH-404K 2 4 0 4 0 2 0 8 0 2 0
49133 3 8 0 16 0 8 0 16 0 4 0
D2 {solated 4 2 0 4 0 4 0 4 0 0 0
CH-408K 2 2 0 4 0 2 0 16 0 0 0
49100 3 4 0 16 0 8 0 32 2 2 0
virus neg, 4 2 0 4 0 4 0 16 2 2 0
CH-454M 2 2 0 4 0 2 0 16 0 2 0
49664 3 8 0 16 2 8 0 32 2 4 0
virus neg 4 2 0 4 2 4 0 16 2 2 0
RA-005K 2 2 4 4 2 2 0 ] 0 2 0
48709 3 4 0 8 2 4 0 32 0 4 0
No isolation 4 2 0 4 2 2 0 § 0 2 0

attempted




Table 7, Whole serum and IgM HAI Antibody in a Peace Corps Volunteer
( with a Febrile Dengue~Like Illness

S-DGC HAI titer in S-DGC fractlons of convalescent serum
fraction IEV D4 D3 D2 Dl
C 2ME o] ZME C 2ME C 2ME [ ZME
2 8 2 4 A 4 2 8 0 2 0
3 16 4 16 8 8 2 32 2 q 0
4 8 4 8 8 8 2 16 2 4 0
whole acute <10 <10
serum conv, 640 2560




Table 8. Whole Serum and IgM HAI Antibody in Aerican Trcops Hospitalized
with Tropical Fevers. Vietnam 1970

Date HAI titers in whole serum vx IgM Antibody
Patient gerym  JEV D4 D3I D2 DI Chk jotected” vs
Jackson 4/10/70 0 0 ] 0 0 0
18/10/70 320 80 80 40 40 0 JEV
Christopherson 2/11/70 0 0 0 0 0 0
4/11/70 160 20 40 20 0 0 not :letected
Bartsch 22/11/70 160 40 40 20 20 0
29/11/70 10240 1280 2560 640 320 0 JEV
Hanson 17/9/70 80 0 20 0 0 0
29/9/70 640 80 160 40 40 0 JEV
Shire 19/11/70 5120 5120 2560 640 1280 0
22/11/70 10240 1280 5120 1280 1280 0 Dengue-1
Kokanich 20/11/70 2560 320 640 160 80 0
2/12/70 >20480 640 1280 640 320 0 JEV

x IgM titered against D1-4 &K'JEV,
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Title: Immunoglobulin Response and Viremia in Dengue Vaccinated 1
Gibbons Repeatedly Challenged with Japanese Encephalitis Virus.

Principal Investigators: Robert Edelman, LTC MC
Ananda Nisalak, M.D,

Associate Investigators: Anong Pariyanonda, M.S.
Suchinda Udomsakdi, M,D,
Dennis O. Johnsen, MAJ] VC

Description: The background and preliminary results of this project can
be found in SMRL Annual Report, 1970-13971. Briefly we have studied the
humoral immunological response of gibhons previously infected with
dengue viruses to repeated challenge with JEV, The purpose of the study
was to attempt to improve serological specificity in secor.dary group B
arbovirus infections. The study also provided a urique opportunity to
examine whether previous dengue infections protected against JEV
infection. With this report the study is concluded.

Results: First JEV Challenge.

Table 1 records the prior dengue exposcure of the eijht gibbons, the
presence or absence of detectable JE viremia following JEV inoculation,
and the antibody response as measured by the three standard serological
tests. None of the gibbons evidenced clinical illness after JEV challenge.
JE viremia wes detected in 5 of 8 animals. Two gibbons (8-70, S-71) had
preexisting JEV and dengue neutralizing (Nt) antibody on day 0, and one
to one or more dengue serotypes without detectable JEV Nt antibody; 4 of
these gibbons had viremia. Thus the presence of JEV or dengue Nt
antibody in acute sera did not protect against JE viremia. No attempt

was made to titer the amount of virus present in viremic serum.

Listed in Table 1 are the serological results in preinfection serum

(day 0) and in a representative convalescent serum (day 21). The
serological responses of the 8 gibbons were remarkably uniform and
were characteristic of the broad serological response seen in secondary
group B arbovirus infections; all showed Jdiagnostic HAI, CF, and Nt
antibody titer rises to JEV and to two or more of the 4 dengue serotypes.
The JEV HAI titers were significantly high () 4-fold) than the highest
dengue HAI titers in only 2 gibbons (S-92 S-94), and JEV CF and Nt
titers in all 8 gibbons were equal to or less than the highest dengue

CF and Nt titers. Thus we could not reliably identify the most recent
group B infection as JEV in these dengue-vaccinated gibbons using
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routine serological tests.

In an attempt to improve serological specificity for recent JEV infection,
we tested for the presence and immunospecificity of IgM contained in
acute and convalescent serum. The acute and convalescent whole serum
from 2 gibbons was first treated with 2-ME. As seen in Table 2, the

HAI titers against D1-4 and JEV were not reduced after 2-ME treatment.
Thus IgM antibody could not be detected in whole serums. Nevertheless
we suspected that IgM might exist, hut was masked by high titered,
2-ME resistant I3G antibody in whole serum. Attempts were therefore
made to isolate IgM and IgG by sucrose density gradient centrifu~ation
(S-DGC) of serum specimens.

Representative S-DGC assay results on a convalescent serum

(gibbon S-94, day 28) are listed in Table 3. Fractionation of this

serum revealed that all of the IgM detectable by radial immunodiffusion
was concentrated into fractions 4 and 5, whereas I¢G was concentrated
into fractions 7-10, and IgA into fraction 8. 2-ME sensitive HAI antibody,
limited to fractions 3-5, was found to react with JEV but not dengue 1-4.
In contrast HAI antibody in fractions 7-12 reacted in high titers with
both JEV and dengue 1-4 antigens, was resistant to 2-ME treatment,

and was principally IgG by radial immunodiffusion. The presenze of
JEV-monospecific IgM antibody in the convalescent serum (Tavie 3) and
the absence of such antibody in the acute serum{day 0; not shown)
provide strong serological co:..firmation of a recent JEV infection.

Sera of the 8 test gibbon sera obtained before and after JEV infection
were fractionated and the results of these assays are tabulated for IgM
in Table 4. Newly produced JEV-monospecific IgM antibody was first
detected 14 and 21 days after JEV infection in 7 of 8 gibbons; it was not
detected in any gibbons by day 90.

The S-DGC fractionation technique permitted us to approximate the
time of appearance of IgG as well as IgM. As shown in Table 5, serum
IgG HAI heterospecitic antibody appeared coincident with or before IgM
monospeacific antibody in all of the gibbons.

Second JEV Challenge

Seven gibbons were challenged a second time with JEV 13 months after
the fi:st JEV inoculation. The purposz was to determine 1) whether a
first JEV infection is associated with prevention or attenuation of a
second infection as measured by viremia and serological response and
2) whether JEV monospecific IgM antibody is produced after a second
JEV challenge.
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Table 6 records the presence or absence ot detectable viremia fullowiry
the second challenge and the antibody re sponse measured by the three
standard serological tests. As noted a{ter the first JEV challenge, none
of the gibbons displayed clinical illness.

Viremia was not detected in these rechallenged animals on days 2,3,4,
and 6 after infection. The high-titered JEV Nt antibody induced 13 months
earlier had fallen to lower titers by day 0 of the second challenge, but

in only one gibbon (S-81) had Nt antibody declined to titers of less than
1:10. In marked contrast to the antibody response noted after first JEV
challenge when all gibbons demonstrated titer rises to dengue and JEV

in the 3 serological tests, only one gibbon {S-51) demonstrated a brcadly
cross-reactive serological response after second challence. Further
comparison of antibody responses revealed attenuated titer rises with
depression of titer levels in convalescent sera following second challenge.
The blunting of the immune response was particularly marked against

the dengue antigens.

No IgM HAI antibody was found in sera drawn 14,2] & 28 days after
second challenge.

Summary. The response of primates to serial group B arbovirus
infection: was investigated by inoculating gibbons with live Japanzse
encephalltis virus (JEV) 17 to 21 months after infection with multiple
dengue virus serotypes. Five of 8 gibbons developed detectable JE
viremia, and all 8 animals had high-titered cross-reactive serum
antibody titer rises to group B antigens, indicating JEV replication in
these dengue-vaccinated gibbons. The immunoglobulin response was
characterized by early production of high-titered cross-reactive IgG
antibody, and later production of low-titered IgM antibody reacting
monospecifically with JEV. Thirteen months later 7 of these gibbons
were reinoculated with JEV. In confrast to the first JEV challenge, no
viremia was detected and the serological response, including IgM
antibody production, was partially or completely aborted. This study
sugrests that prior {infectten with JEV, but - ot dengue, can protect
gibbons against JEV inoculated more than one year later. In addition,
serum IgM antibody induced Ly JEV infection in these gibbons previously
infected with dengue serotypes is shown to he serclogically specific

for JEV. Sucrose-density gradient fractionation of serum and measurement
of IgM antibody may thus provide a more precise serological procedure
with which to investigate group B arbovirus infections in previously
infected populations.
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Table 2, Effect of 2-mercaptoethanol (2-ME) on the HAI Antibody Titers
{
in Whole Zibbon Serum,
Day after Reciprocal HAI Titer
Gibbon JEV Den?ue-l e223,4 JEV
inoc, C 2-ME C 2-ME
S-51 0 20 <20-20 <20 20
21 320 320-640 1280 1280
} $-94 0 <20-40 <20-40 <20 <20
21 160-320 160-320 1280 1280

(1) Serum aliquot treated with buffer,

(2) Serum aliquot treated with 2-mercaptoethanol.
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( Table 4. Production and persistence of JEV monospecific IgM antibody in :
dengue-vaccinated gibbons following JEV infection. |

Day after JEV inoculation

Gibbon 0 7 14 21 28 56 90
S-36 LA SN ) BN + + 0
S-51 0 0 0 + + 0
S-61 0 o 0 + & + 0
S-70 0 o 0 v + 0
S-71 0 0 0 + 0 0
S-81 0 0+ + & 0
S-92 0 0 0 0 0 0
5-94 0 0+ + % 0 0

(1) 0 =IgM JEV-specific antibody not detected in the serum drawn on that day.

(2) + =1IgM JEV-specific antibody detected in the serum drawn on that day,
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Table 5. Appearance of IgG and IgM HAI aatibody in the serum of dengue-
vaccinated gibbons following JEV inoculation.

Gibbon Day Ig first detected(l)
19G\2] 1gM )
S-36 14 14
S-51 14
S-61 14
S-70 14 ]
5-71 7 ,
5-81 14 14
S-92 7 not detected
5-94 7 14

(1) Data obtained from HAI tests of S-DGC fractions of »erum drawn on
days 0,7,14,21.

(2) IgG antibody reactive against JEV and Dengue 1-4 antige

(3) IgM data :ummarized from Table 4.
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Title: Evaluation of the Antigenic Pstency of Biken JEV Vaccine in Adults

Principal Investigators: Howard B. Emery, M,D,*
Ronald G. Wilson, M.D.*
Robert Edelman, LTC, MC
Richard A. Grossman, LTC MC

Associate Investigator: Debhanom Muangman, M.D.

* United States Peace Corps Physicians, Thailand.

Objective: To determine the antigenic potency of the killed Japanese
encephalitis vaccine (Biken purified mouse brain) in a group of young
adult Peace Corps Volunteers (PCV's) in Thailand.

Introduction: The background and experimental design of this collaborative
study between the U,S., Peace Corps in Thailand and SMRL was covered
in last year's Annual Report.

Progress: Three different lots of vaccine (A,B,C) have now been given
to 3 groups of volunteers, one lot per group. The experimental design
is outlined in Table 1. Serological tests have been performed on most
of the serum up to and including the 7~12 week post-booster serum. The
results of the HAI and PRNT tests against JEV (Nakayama strain) are
summarized in Tables 2-5. The average conversion rate in volunteers
without detectable JEV antibody in preimmunizatior. serum determined
4-6 weeks following primary immunization for the 3 vaccine lots was
20% by HAI and 17% by PRNT. The total percentage of PCV that had
converted after 3 immunizations, including booster, was 31% by HAI and
22% by PRNT.

The results indicate that this killed JEV vacc:ne lacks antigenic potency
in American adults.

A question can be raised concerning the sensitivity of the serological
tests used tc measure serum antibody. An insensitive test would naturally
lead to the conclusion that the vaccine lacked antigenic potency. An
attempt was therefore made to determine the ability of the HAI and PRNT
to measure antibody in serum obtained froin 3 individuals with primary
inapparent JEV infections. The serum donors were 3 healthy Chiangmai
Valley villagers who had no serological evidence of prior group B
arbovirus infection. Their lack of prior exposure to JEV was confirmed
by the detection of IgM antibody to JEV in their convalescent phase
serum. As seen in Table 6, the HAI and PRNT titer levels were similar
in the convalescent serum of all 3 subjects, and it is clear that the
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PRNT can detect antibody rises after inapparent natural infections.
Moreover titers in 2 individuals are reasonably high ( 1:40) using the
2 serological tests.

The collection of 7 month post Looster serum is complete but the 12
month collectisn is pending.

Mouse Potency Test.

The antigenin potency of the Biken vaccine (lot B & C) was measured
further by a standard mouse potency test. The Japanese NIH method was
cmployed. Groups of mice were inoculated IP every other day for a total
of 4 injections with serial dilutions of vaccine. Seven days after the
last inoculation of vaccine, the mice were challenged intracerebrally with
JEV (strain BKM-984-70), 150-200 mouse LD5 / .03 ml/mouse. Control
groups of mice given I,P, saline were similarly challenged. The
standard dose of vaccine affording 50% survival (the minimal immunizing
dose (MID)) shouid be 0.02 cc of vaccine or less. This dose is nearly
equal to the 1/32 dilution of vaccine used in this test. The results
revealed that the MID for vaccinc lots B & C were both 0.0625 cc which
corresponds to a vaccine dilution ' 1/8., Thus two lots of Biken vaccine
used in this study are but 1/3 to 1/4 the minimal acceptable potency for

a JEV vaccine. If the 7 and 12 month antibody titers show no striking
improvement over the low conversion rate in earlier sera, then the vaccine
tested may not be suitable for use in American adults.
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Table 1, Experimental Design Biken Vaccine Potency Test in PCV,

Immunization Bleeding Iime following onset Vaccine lot
1st dose acute 0 days A,B,C
2nd dose " 7 days A,B,C ;
|
Booster dose Post 1° immunization 3-6 weeks A,B,C |
Post booster 7-12 weeks A,B,C l
Post booster 7 months A,C
Post booster 12 months C '

Table 2. Biken JEV Vaccine Study: HAI Test Results after primary

immunization,
PCV Vaccine
group lot No, studied No, converted™ % converted
00-32 A 107 18 17
33 B 11 1 10
34-35 o 9L 23 25 {
Totals 209 4y 20%

X Acute serum titer = <1:10

Convalescent serum titer = >1:20 (3-6 weeks)




Table 3. Biken JEV Vaccine Study: PRNT Results after Primary Immunization 1

PCV Vaccine (%)
& garoup lot No, studfe! No, converted % converted
00-32 A 57 9 15
{ 33 B 11 2 20
34% c 40 7 _15
Totals 108 18 17%

(%) Acute serum =<1:10
Convalescent serum titer = >1:10 (3-6 weeks)

* Group 35 sera not yet titered

’ Table 4, Biken JEV Vaccine Study: HAI Test Results after Booster

} Immurization,

PCV Vaccine x)
grgup . _lot = No, studic!  No, converted % converted
00-32 A 50 13 26
33 B 11 1 10
34~35 C 8l 31 38
L Totals 142 45 31%

(x) Acute serum titer = <1:10

Convalescent serum titer = >1:20 (7-12 weeks)




Takle 5., Diken JEV Vaccine Study: PRNT Results after Booster Immunization

PCV Vaccine

group lot No, studied No, converted(x) % _converted
on -32 A 31 S 16
33 B 11 3 30
34% C 39 10 24
Totals 81 18 22%

(x) Acute serum titer = <1:10
Convalescent serum titer = >1:10 (7-12 weeks)

* Group 35 sera not yet titered

Table 6, Serological Test in Primarv* Inapparent JEV Infection

Reciprocal Antibody
Mtervs JEV
Villager Serum no, Date RAI PRNT
JE-C-6c 44586 9 June 70 0¥ 0o®
46037 14 August 70 80 60
JE-L-121 44709 11 June 70 0 0
44710 23 June 70 40 20
JE--L-1la 44762 15 June 70 0 0
44763 29 June 70 80 105

* Primary infection confirmed by detection of IgM HAI Antibody to JEV in
the convalescent phase serum.

x 0 =<1:10




Isolation of Ingwavuma Virus and Study of Ingwavuma Antibody Prevalence

in the Chiangmai Valley

Principal Investigators: Franklin H. Top, Jr., LTC MC
Cholticha Kraivapan
Robert Edelman, LTC MC
Douglas J. Gould, Ph, D,
Richard A. Grossman, LTC MC

Purpose: To del: e the role of Ingwavuma virus in infection of man and
animals in the Chiangmai Valley.

Background: A virus (BKM 705-70) was isolated from a pool of 10 Culex
vishnui mosquitoes aspirated from a pig in the Chiangmal Vallev on

11 May 1970. The virus was identified as a member of the Simbu group
of arbcviruses, Ingwavuma virus by the Department of Virus Diseases
WRAIR, and Dr., Robert E. Shope, Yale Arbovirus Research Unit. This
strain represents the first isolation of a Simbu group virus in Thailand
and the first isolation of Ingwavuma virus from a possible insect vector.
Little is known of the role of Simbu group arboviruses and specifically
Ingwavuma virus in human infection and disease. Further, potential
vertebrate hosts of Ingwavuma virus, previously isolated only from birds
in South Africa, India, and Egypt, remain unidentified. The isolation
of Ingwavuma virus during the JEV study in the Chiangmai Valley during
which sequential bleecings of Chiangmai villagers and schoolchildren
and random bleedings from domestic animals were obta‘ned, permitted

a retrospective search for Ingwavuma antibody in human and domestic
animals in the valley.

This report describes the establishment and validity of a macro and
micro plague reduction neutralization test (PRNT) for Ingwavuma
antibody and describes the prevalence of Ingwavuma antibody in the
Valley based upon the micro-PRNT.

Methods: Technique for isolation of viruses from mosquito pools has
been described in the 1971 Annual Report. Technique for Ingwavuma
macro and micro PRNT are identical to those described for JEV PRNTs

in the 1971 Annual Report. LLC—-MK-2 cells were utilized in both tests.
In order to test the validity of a micro-PRNT as an antibody assay, 2
rabbit hyperimmune Ingwavuma antisera were assayed by the micro=PRNT
and standard macro-PRNT. Serum A was undiluted BKM 705-70 antiserum
and serum B an unknown dilution of serum A. Both sera were diluted to




1:10 and heated at 56 C for 30 minutes prior t¢ use. Serial 2-fold dilutions
of serum A and B were made for both tests. Three replicate bottles were
used for each serum dilution and the virus ccnirol in the macro-PRNT.

Six replicate wells were used for each serum dilution and the virus control
in the micio -PRNT.

In both tests, the arithmetic mean of the 6 (micro) wells or 3 {macro)

bottles of control virus was used to calculate the percentage reduction

for each individual well or bottle in a test. The serum dilutions used were '
transformed to logarithms and the percent niague reduction to corresponding ‘
probit values. The 50% effective dose (EDSO' serum dilution which

caused a 50% reduction in the number of plagues); 95% confidence limits

of the EDg; relative potency (RP) of serum in each of the two PRNT tests;

and the 95% conrfidence limits of the RP were calculated by the method

for a parallel line, graded response bioassay.

Human sera were collected from 4 study villages and an urban Chiangmai
school during November 1970. Sera froa chickens, ducks, cattle,
buffaloes, pigs, and dogs from the 4 study villages was collected in
November or July 1970. All human and animal sera tested were diluted

to 1:10 and heated at 56 C for 30 minutes. A 1:20 dilution of serum was
used to screen for Ingwavuma antibody in the micro-PRNT.

Progress: In addition to BKM 705-70, 10 additional pools of 4 mosquito
species (Culexvishnui, fuscocephala, tritaeniorhynchus, and Aedes
linneatopennis) yielded Simbu group agents (which have not yet been
tested for identity to Ingwavuma virus). All 10 pools were obtained
from biting collections on cattle and buffalo at San Sae obtained on

22 May 1970. Since both unengorged and engorged mosquitoes were
contained in these pools, these isolations may have contained
engorged mosquitoes which fed on the same viremic host. No evidence
of a possible vector role for these 4 species was thus obtained. The
virus was reisolated from positive pools of all 4 mosquito species.

In order to utilize a micro-PRNT as an antibody assay in seroepidemiologic ‘
studies subsequently described, it was important to determine whether
this assay measured Ingwavuma antibody similarly to the standard
macro-PRNT. Therefore 2 standard undiluted hyperimmune rabbit
Ingwavuma antiserum (serum A) and an unknown dilution of this antiserum
(serum B) were used as described in methods section to compare the
similarity of both tests in measuring antibody. Results of these tests
are shown in Table 1 (serum A) and Table 2 (serum B). In both tests

using both sera, at least 4 responses were obtained between 15-85%
plague reduction and plague reduction responses bracketed 50% plague
reduction. Control plague counts averaged 32 in the macro and 15 in the
micro-PRNT.

828

__ﬁ____'.___—n———d




= ————————— T

e~ ™

g :‘T ol ‘

Statistical analysis of these tests by the method for a parallel line,

graded response bioassay are shown in Table 3. With serum A, the mean
probit response and regression lines (Y intercepts) are in close agreement,
and the neutralizing slopes of both tests were parallel. The relative
potency of serum A (89%) is close to the expected 100%. Since the error
variance in this comparison is quite small resulting in narrow confidence
limits, the 95% confidence limits of the relative potency do not overlap
100%. The EDgq of serum A was 501 by macro-PR  and 564 by micro-PRNT.
From a biologic standpoint this difference is small, and only because of
small error variance of the test and the closencss of the mean probit
responses to 5 it is a significant difference.

With serum B, the mean probit responses and regression lines are in
close agreement and the neutralization slopes of both tests nearly
parallel. The 95% ccufidence limits of the relative potency clearly
overlap 100% and the EDSO of serum B by both tests remarkably close.

Neutralization slopes of the 2 sera by both PRNT tests are illustrated

in figures 1 and 2. In both figures the mean points at each dilution are
quite close to the estimated regression line, evidence of the small error
in these tests. The closeness of the mean plague reauction points of
each PRNT for each serum indicate a similar slope of neutralization for
each test and are compatible with the hypothesis that both tests are
measuring identical antibodies in the same sera.

These results indicated that the micro-PRNT indeed will reproduce
virtually identical results to the standard macro-PRNT test, providing

at least 14 plagues are obtained in the control wells, at least 3 responses
are obtained between 15-85% plague reduction, and the responses

bracket 50% plague reduction.

Sera were initially tested at a 1:20 dilution in the micro-PRNT. Sera
showing equal or greater than 50% plague r= A:1ction were considered to
contain antibody to Ingwavuma virus. Representative positive sera were
further examined for antibody titers.

The results of testing serum obtained from 490 residents of the Chiangmai
Valley in November 1970 (6 months after the initial isclation of the virus)
{s shown in Table 4. None of the 490 inhabitants tested possessed
Ingwavuma antibody at a 1:20 serum dilution.

The prevalence of Ingwavuma antibody in various domestic animal
species (ndigenous to the 4 valley villages studied is shown in Table 5.
The prevalence of antibody in cattle, water buffalo, chickens and ducks
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was low. Further, the titers in animals considered positive (equal or
greater than 50% plague reduction) did not equal 1:40 in the 2 cattle,
4 buffaloes, 3 chickens, or 4 ducks tested.

In contrast, the prevalence of Ingwavuma antibody in dogs and pigs in

the 4 study villages was higher. Most of the dog and plg sera found
positive for antibody gave 100% plaguie reduction at the 1:20 screening
dilution. Representative sera from 1l dogs and 16 pigs all showed antibody
titers of 21:160 upon further testing.

Sequential bleedings of 'umestic anlmals in the Chiangmai Valley was
not reproducibly acconi ished duririg the 1970 study; consequently
serum from serologic- '/ pocitive Jomestic animals obtained prior to
November 1970 was not availanie to test. Thus it is not known whether
some of these animals developed Ingwavuma antibody during 1970 when
the virus war isclated in the Valley.

To measure the force of JEV infection in the Valley during the 1970

season, centinel pigs (which lacked antibody to JEV) were purchased

from farms in Nakorn Panom and Saraburi and placed in the four study
villages. rour of these sentinel pigs bled after recidence in the Valley
were fcund to have Ingwavuma antibody in sera obtained in Novemb~r 1970,
Serum obtained in April 1970 {one pig) and July 1970 (3 pigs) was tested

for Ingwavuma antibody to determine if Ingwavuma infection occurred

while these animals were quartered in Chiangmai Valley. All 1 sentinel
pigs had Ingwavuma antibody in sera botained before shipment to the
Valley.

These findings for Ingwavuma virus in Thailand are similar to those
found for other arboviruses =i the Simbu group. Many of these viruses
have veen isolated fren Culex species, and antibody prevalence
studies have shown that large domestic animals (cattle, goats, or pigs)
are important hosts, With most Simbu group viruses, man appears to
be a rare and probatiy incidental host. We found no evidence of human
Ingwavuma infeccion in Chiangmai Valley.
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Table 3. Summary of Ingwavuma virus PRNT analysis comparison of 1
macro-with micro-PRNT
Serum A Serum B
Macro Micro Macro Micro
Dilutions Used 160-1280 160-1280 80-€40 80-640
Mean Probit Response 5.08 5.18 4,93 4,90
Parallelism Validity Valid Borderline
Curvature Validity Valid Valid
Error Variance .039 .060
Combined Slope -1,8248 -1,7965
Y Intercept 9,927 10,021 9.067 9,042
Relative Potency (%) 89 103
95% CL Rel, Potency (%) 86~92 98-109
ED50 501 564 183 178
95% CL ED 486-516 552-567 176-192 173-183
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Pathogenesis of Dengue Shock Syndrome

Principal Investigators: Natth Bhamarapravati, M.D,. {(Dept. of Pathology,

Faculty of Medicine)

Sombodhi Bukkhavesa, M.D, (Siriraj Hospital)

Frank J. Dixon, M,D, (Scripps Clinic and Research
Foundation, La Jolla, California)

Prasit Futrakul, M,D. (Chulalongkorn Hospital)

Hans J. Muller-Eberhard (Scripps Clinical Research
Foundation)

Suchitra Nimmanitya, M.D. (Children's Hospital)

Boonchob Pongpanich, M.D. (Ramathibodi Hospital)

Philip K. Russell, COL MC (WRAIR)

Stitaya Sirisingha, D.D.S., Ph.D, (Dept. of
Microbiology, Faculty of Medicine)

Franklin H. Top, Jr., LTC MC (SMRL)

Suchinda Udomsakdi, M.D. (Dept. of Microbiology,
Faculty of Public Health)

Purpose: To determine if dengue shock syndrome is due to immunopathologic
processes.,

Background: Dengue hemorrhagic fever (DHF) can be defined as a febrile
illness due to dengue infection with associated hemorrhagic manifestations.
The dengue shock syndrome (DSS) is considered to be a severe form of

DHF differentiated by shock as manifested by a pulse pressure of less than
20 mm Hg or a fall in systolic blood pressure below 90 mm Hg,

The course of a patient with DSS typically consists of an early febrile
phase lasting 3 to 6 days followed by a shock phase of a few hours to

three days. The onset of shock is often preceded by lethargy and abdominal
pain and is usually abrupt. Prior to the onset of shock, the hematocrit rises
and the concentration of serum proteins falls. The decreased plasma
volumn is apparently due to a sudden increase in vascular permeability

with resultant loss of plasma from the intravascular compartment. In

most cases, early and effective replacement of plasma volume by

infusion of colloids results in a favorable outcome.

All 4 dengue serotypes have been associated with DSS. The presence

of 2 or more dengue serotypes and rapid dengue transmission in a locality
appear to be the basic epidemiologic condition: essential to the occurrence
of DHF and DSS. Epidemiologic evidence indicates that DSS is associated
only with secondary dengue infections which result in an anamnestic
antibody response with very high titers of effective complement fixing IgG
antibody appearing early in the course of infection when virus or viral
antigens may also be present in vivo. A marked depression of Bl c/a
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levels has been documented during the shock phase of illness, suggesting
that the third comconent of complement may be consumed in DSS. These
observations lead to the hypothesis that DSS may be immunologically
mediated and that physiologically active products p.oduced in vivo from
activation of the complement system such as the anaphylatoxins, C3a and
C5a, may be the means by which increased vascular permeability and
shock are produced.

To test this hypothesis, a joint study sponsored by the WHO was
undertaken in Bangkok trom Jul-Oct 1971. Briefly an attempt was made to
study at least 20 well characterized patients with DSS for

1. immunohistochemical evidence of immune complexes in biopsy material
and peripheral blood leukocytes

2. circulating immune complexes
3. immunologically induced consumptio-. of complement components
4, evaluation of the coagulation and fibrinolytic systems.

This report will concentrate principally upon the virologic data obtained
at SMRL and the complement data obtained at Scripps Institute. Data
obtained from the other collaborating laboratories is not detailed but
used only to emphasize major findings.

Methods: Study patients were diagnosed as having DHF by clinicians;
patients studied were in shock or felt likely to develop shock, but some
non-shock patients were included for comparative purposes. A standard
chart for pertinent signs, symptoms, clinical laboratory findings, and
treatment was instituted and maintained at each of the 4 hospitals. At
the corclusion of the study, the clinical charts were reviewed and the
following criteria were used to grade patients studied into 4 groups
based on severity of {llness.

Grade I: Fever accompanied by non-specific constitutional symptoms;
the only hemorrhagic manifestation is a positive tourniquet test.

Grade II: Fever and skin hemorrhage or other bleeding such as epistaxis
or gingival hemorrhage.

Grade II: Circulatory failure manifested by rapid, weak pulse with

narrowing of pulse pressure (€20 mm Hg) or hypotension (systolic
pressure €90 mm Hg).
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Grade IV: Moribund patients with undetectable blood pressure or pulse.

Techniques for viral isolation, identification of i{solates, and serologic

tests have been described In previous annual reports. Viral isolation attempts
were made on initial serum samples obtained from all study patients. In
hemagglutination-inhibition (HI) tests, antigen prepared from dengue-!
(Hawait), dengue-2 (New Guinea C), dengue-3 (H-87), dengue-4 (H-24}),
Japanese encephalitis (Nakayama), and Chikungunya (Ross) viruses was
used. Acetone extracted sera were tested against 8 units of antigen. All
sera from individual patients were tested simultaneously.

For immunochemical quantitation of complement proteins, the single radial
immunodiffusion method was used. Monospecific antiserum to human
complement proteins (Clq, Cls, C3, C4, C5, C6, C8, C9, and C3 Proactivator)
was incorporated at a previously determined, optional concentration into
1.5% agarose gel, containing isotonic buffer, pH 8.0 and 0.01 M EDTA.
Seven ul of 3 different test serum dilutions were applied into 3 mm wells and
the diameter of the precipitin rings was measured after 24 hr. at room
temperature. Each immunoplate received 5 different dilutions of a standard
serum, The absolute amount of a comglement protein in a given test serum
was determined graphically using an r® vs concentration of complement
proteins in the standard serum had previously been quantitated in La Jolla
using highly .purified proteins as reference substances. Transferrin was
assayed with reagents made available by Dr. Ursula Muller-Eberhard.

All assay reagents and the 10 different types of immunoplates were prepared
in La Jolla. Complement determinations were performed in Bangkok and

at La Jolla by Dr. Muller-Eberhard and associates.

Quantitation of the levels of clottab’e fibrinogen and split products of
fibrinogen plus fibrin was done by a radial diffusion method utilizing
antiserum to fibrinogen.

The values in ug/ml of the various proteins in the normal serum pool

used in this study are as follows: C3 1500, C4 400, C5 75, C6 60, C3

PA 230, transferrin 2500, and fibrinogen 1720, These values were quite
similar to mean serum protein levels determined in 30 Thai children, and
were used as normal levels in the following analysis.

Results: The original study comprised 94 patients. Of these, 55 individuals
who were adequately studied and had isolation or serologic evidence of
recent dengue virus were selectad to form the qroup of patients upon

which this report is based. All patients with grade III and IV disease
initially studied are included in this analysis. Five of these patients

were grade I, 14 grade II, 23 grade III, and 13 grade IV. Pe..inent signs,
symptoms, anad clinical laboratory findings of these patients are summarized
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in Takle I. The clinical symptomatology of patients studied were similar
to those described in previous outbreaks. Of the 4 major manifestations
of DHF, fever and hepatomegaly were found consistently in patients of
all 4 grades of disease. Hemorrhagic manifestations were found in ali
grades of disease but Grade I (by definition), but severe bleeding-melena
and or hematemesis-was observed only in shock cases. The last
manifestation of DHF shock was limited (by definition) to Grade IIl and V.
Hemoconcentration (a3 high hematocrit falling by at least 20% on recovery)
was observed in all grades of disease, but most frequently in Grade III
patients. The lower incidence of hemoconcentration in Grade IV patients
probably reflects blood loss from gastrointestinal hemorrhage.

Patients were considered to have had dengue infections if _4-fold rises in
antibody titer to at least 2 of the group B antigens were found between
acute and convalescent serum or if convalescent antibody titers to at
least 2 antigens equalled or exceeded 1:640, Forty-five of the 55 study
patients had diagnostic rises in antibody titer consistent with dengue
infection and an additional 8 had high, fixed titers suggestive of recent
dengue infection. Convalescent serum was not obtainable on 2 patients
who died with symptoms suggestive of DSS.

An attempt was made to determine what proportion of the children studied
had primary or secondary dengue infections. Since most patients were
studied at least 4 days after the onset of illness, determination of type
of infection could not be assessed by presence or lack of antibody in
acute serum, but was assessed in this study by the magnitude of HI
antibody titers in convalescent serum. Patients with HI antibody titers
of 21:640 to at least 2 dengue antigens were considered to have secondary
infections, while those with convalescent antibody of €1:640 were
considered to have primary dengue infections. By these criteria, Sl of
the 53 patients from whom convalescent serum were tested had secondary
infections, as shown in Table 2. The 2 patients with primary infections
were both infants (6 months of age or less) whose mothers possessed
dengue HI antibody.

A dengue virus was isolated from the a.ute serum spcimen of 9 of the

55 study patients; 8 isclates were dengue 2 and one isolate dengue 1. In
addition an isolate of dengue 3 and isolates of chikungunya virus were
obtained in 1970 from Bangkok children not included in the study. An
isolation of dengue virus from study patients correlated with time after
onset of disease the patient was initially studied (7 of the 9 patients with
dengue isolates were studied on or before the fourth day of disease) and
with the dengue 2 HI antibody titer in the serum used for isolation (Table
3). Five of the 9 children with dengue isolates had virus present with
dengue antibody in early serum.
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One hypothesis that could be tested in the study was whether there was

a difference in HI antibody response between children with shock and
children without shock., Shown in Figure 1 are log]p geametric mean dengue
2 HI antibody titers and 95% confidence limits by day after onset of

illness for both categories of patients. There is no significant difference
in HI antibody titer between shock and non-shock patierits at any time

after onset of illness.

Since nodifferences in antibody titers were found between the 2 groups,

it is permissible to use HI titers of patients with or without shock in order

to describe antibody patterns of either group. Shown in Figure 2 are
geometric mean dengue 2 HI antibody titers for patients with serum tested

on day 3 or 4 and day 5 or 6 and day 7 or 8. Similary shown are titers

for patients with serum tested on day 4 or 5 and day 6 or 7, and day 8 or

9. Between 4 to 7 days after onset dengue antibody titers rose geometrically.
It is precisely during this time after infection when shock developed in

the majority of severely ill children in this study.

Sequential levels of complement components and transferrin on 4
representative patients are shown in Figure 3, supplied through the
courtesy of Dr. Muller Eberhard. Patient #26 (Grade IV) was a 6 month
old Thai female admitted on the 4th disease day in shock and passing
melena. On examination she was unconscious, cyanotic, and unresponsible
to pain with a pulse exceeding 180/min, unobtainable blood pressure,
scattered skin petechiae, and a liver nalpable 2 cm below the RCM,
Initial laboratory findings included a Her »f 24%, WBC of 19,300, and

a platelet count of 27,000/mm3. She % responded to I.V, infusions of
fluids and blood within 6 hours of admission. The platelet count remained
low until the 7th disease day when it rose to 221,000/mm3. Dengue 2
virus was isolated from serum oktaine. ,n admission. Dengue 2 HY
antibody titer was €1:20 on admission and 1:160 7 days later. This is

the only child with a primary dengue infection who developed shock; the
infant's mother had serum HI antibody to all 4 dengue serotypes. This
child exhibited very low C3 and C4 levels and less depressed C3 PA and
CS levels until the 10th day of disease. Between day 10 and day 21, a
recovery of all complement proteins to normal or supranormal levels was
noted. Transferrin levels were relatively stable throughout.

Patient #33 (Grade IV) developed shock while hospitalized on the 6th
disease day. Dengue 2 virus was isolated from serum on admission
{DD4) in which no dengue HI antibody was detectable at 1:20 dilution.
Dengue antibody at a level of 1:320-1:640 was preseat on the day of
shock and rose to between 1:5120->1:20480 12 days after the onset of
illness. The child recovered from shock on DD9. On day 5, before
shock was manifest, C3 and C3PA levels were 70-75% normal, CS was
50% normal, and C4 supranormal (150%). With onsct of shock C3 and

C4 fell, whereas C3PA was little esf efted. Transfer-in remained between




80-30% normal throughout the preshock and shock period falling 70% normal
after shock. By day 12, values of all complement components were
approaching normal levels.

Patient #13 (Grade III) was admitted on the 6th DD with a blood pressure

of 50/0, cold and clammy skin with occasional petechiae, a Hct of 45%,
WBC of 20,200, and decreased platelets on smear. Dengue virus was not
isolated from her initial serum which contained HI antibody to the 4 dengue
serotypes at levels of 1:320-1:1280. A greater than 4-fold rise in antibody
to all dengue serotypes was demonstrated between acute and convalescent
serum, Shock responded to infusions of plasma within 4 hours of admission.
This child shows very low C3, C4, and CS levels following the onset of
shock with C3PA less severely affected. Transferrin remains between
80-90% normal with a late rise. C3, C3PA, and C5 levels rose to about
70% or normal by day 12 when C4 was still markedly low.

Patient #41 (Grade II) is a 10 year old male admitted on the 4th day of
illness with fever, anorexia, and abdominal pain. On admission, he had
scattered petechiae, a liver palpable 3 cm below the RCM, and a Hct of
50%. Three days later his Hct was 40%, WBC 4,150, and platelet count
14,000/ mm3. No evidence of shock or further bleeding manifestations
developec during his hospitalization. Dengue virus was not isolated

from serum obtained on the 6th disease day which had HI antibody to all
dengue serotypes at levels greater than 1:20,48J. The pattern of complement
protein changes was mildly abnorinal with C3, C4, CS5, C3PA, and
transferrin initially being 50-90% of normal on admission; by day 10 all
values fell within 84-153% of normal.

Table 4 shows the proportion of shock patients with greater than 50%
reduction in the compiement proteins C3, C4, CS5 and C3PA and transferrin
on days after onset of shock. Between 60-82% of shock patients had
significant C3 reduction on the day of or 2 days after onset of shock.

On the other hand, 50% reduction in the non-complement protein transferrin
were uncommon in shock patients, suggesting that reductions in C3 were
due to consumption rather than inhibition of synthesis or extravasation
from the vascular compartment. Significant depression of C5 and C4
levels were evident in 30-50% of shock patients and of C3PA levels in
15-30% of shock patients during the shock or immediate post shock period.
In more convalescent samples obtained 6 days after the onset of shock,

no patients had greater than 50% reductions of C3, CS, or C3PA, but about
25% of patients still had C4 reduction. Thus significant depression of
serum complement protein levels in DSS patients was temporarily related
to the shock or immediate post shock phase of illness.

Table 5 shows the proportion of patients with greater than 33% reductions
in various blocd proteins and platelets on the day of onset of shock and
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2 subsequent days in patients developing or not developing shock. Of
shock patients, 100% showed depression of C3, 89% of C5, 77% of
fibrinogen, 72% of C4, and 7% of C3PA. However, 56% of shock patients
showed similar reductions of transferrin levels. Consequently, depression
of complement proteins or fibrinogen ¢t this level may be caused by
mechanisms other than specific consumption - i.e. by fallure of synthesis
or by extravasation of these proteins from the vascular space across
endothelium of increased permeabllity.

Table 6 shows the proportion of patients with greater than 50% reductions
of the same blood components. At this level, relatively few shock patients
(11%) had depressed transferrin concentratiois; thus greater than 50%

depressicen of complement proteins were likelv to reflect specific consumption.

Of shock patients, 89% had depressed C3, 51% depressed C5, 58% depressed
C4, and 33% depressed C3PA concentrations in serum obtained on the day

of or 2 days subsequent to shock. Although 44% of children not developing
shock had depressed C3 levels, significant depression of C5, C4, and

C3PA were unusual in these patients with clinically milder illness.

Discussion: The primary question posed in this study was whether the
shock syndrome accompanying dengue was due to underlying immuno-
vathological processes. All but 2 of the study patients had secondary
dengue infections which are characterizea jy an early (4-5 days after
onset of illness) and geometric rise in dengue antibody. The 2 exceptions
were {nfants who may well have had circulating maternally acquired
dengue antibody at the time of infection. Thus antibody was present at
infection or mobilized early in infection in these patients at a time

when dengue virus or nun-infectious viral ant igens may be present, The
presence of dengue virus in serum containing detectable quantities of
reactive antibody was shown in 5 of the 9 viremic patients and fulfills

in vivo conditions for immunocomglex formation in these patients.
Attempts to demonstrate circulating immunocomplexes by precipitation
with C lq and monoclcaal Rheumatolid factor were made in this study;

the specificity of precipitins found as immune complexes remains
questionable and must be sought by more specific and sensitive techniques
in future studies. The virologic data however provide reasonable
circumstantial evidence for the formation of immune complexes in this
disease. It seems likely that these mmun. complexes could fix

complement {n vivo.

Significant depression of complement components during or shortly after
the shock phase were evident in all shock patients studied. Greater
than 1/3 reductions In C3 were found in all patients and similar
reductions in C5, C4, and C3 PA were found in 67-89% of children with
DSS. However since similar depression of transferrin, a non-complement
protein not consumed in iminunologic reactions, was found in over 50% of
such patients, a 1/3 depression in complement protein concentration may
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not necessarily reflect immunologic consumption in these patients., Only
a small proportion of shock patients (11%) had greater than 50% depression
of transferrin levals during shock; thus a 50% reduction of complement
proteins wo.id suggest specific immunologir activation of the complement
system. Sirce 89% of shock cases had 50% depression in C3 levels and
over 50% haa similar depression in C4 and C5 levels, specific activation
nad consumption of these complement proteins is likely in DSS patients,
Significant depression of complement proteins was found generally only

in the immediate shock phase of disease and was uncommon 3 or more
days after the onset of shock. A much smaller proportion of non-shock
patients had 50% depression of individual complement proteins than shock
patients, suggesting a correlation between shock and depressed complement
conceitrations.

Several other points accrue from the complement data. First, most shock
patients showed depressed C4 and C3PA levels, suggesting that the
complement system was activated in vivo through both of the 2 known
mechanisms - classical (involving the Cl proteins and C4 and C2) and
through the recently described C3PA system. Secondly, almost all
shock patients had evidence of specific consumption of C3 and CS5.
Specific actibation of C3 and CS implies the enzymatic liberation in vivo
of 2 biologically active araphylatoxins, C3a and C5a, which are the
most potent mediators of increased vascular permeability known. Data
from this study suggests that the increased vascular permeability
responsible for shock in these DSS patients could be mediated by these
anaphylatoxins released as a result of in vivo Immunological activation
of the complement system.

Further studies will be required to test this hypothesis. Indeed studies
to determine the decay of radioactively labelled C3 in DSS patients, to
determine if C3a and C5a can be detected in shock phase serum, to
determine the role of serum inhibitors of activated complement components
(such as C3a and C5a) are planned in the coming year.
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Table 1, Summary of clinical signs and laboratory findings in 55 study
patients
Findings Severity of {llness
Grade I{5) Grade Il (14) Grade IIl (23) Grade IV (13)

% . * %
Fever 100 100 100 100
Hepatomegaly(2-5cm) 100 (4/4) 91 (10/11) 100 (20/20) 100(13/13)
Positive tourniquet test 50 (1/2) 92 (11/12) 84 (16/19)  62(5/8)
Platelet count
<50,ooo/mm3 60 (3/5) 54 (7/13) 85 (17/20) 92 (12/13)
Petechlae 0 100 (12/12) 52 (12/23) 69 (9/13)
Epistaris 0 0 17 (4/23) 8 (1/13)
Hematemesis/melena 0 0 13 (3/23) 69 (9/13)
Hemoconcentration 60 (3/5) 71 (10/14) 91 (21/23) 69 (9/23)
©20% tncreased hematocrit) {
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Table 3. Dengue Isolatiun in Relationship to Initial Dengue 2 HI Titer

in DHF Patients :

Dengue 2 HI Titer No, of Patients No, with Isolates
<80 16 9 (56%)
2160 39 0
543
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Table 4, Proportion of Shocl. Patients with >50% Reduction in Indicated

Serum Protein on Day after Onset of Shock

Day after onset % with 50% reduction in indjcated serum protein

L ____of shock ;{T_@g g, _(_Js 24 9_3_111-\_ Trangferrin
[ 0 27  17(63%) 11(41%) 10(37%) 6(22%) 2 (7%)
1 34  28(82%) 10(29%) 17(50%) 10(29%) 3 (9%)
2 27 16 (59%) 8(30%) 11(41%) 4(15%) 0 (0%)
3 24 6 (25%) 1(4%) 6(25%) 4(17%) 0 (n%)
4 21 1 (5%) 0(0%) 4(19%) 2(10%) 0 (%)
26 17 0 (0%) 0(0%) 4(24%) 0(0%) 0 (%)

r Normal levels of serum proteins used for analysis

C 1500 ug/ml, C3PA 230 ug/ml,
Cs 75 ug/ml, Transferrin 2500 ug/ml,
) c, 400 ug/ml,
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Table 5, Propcriion of Patients with >33% reduction in indicated blood

constituent on day of onset of shock or the 2 subsequent days

Patients with shock Patients without shock*
Serum Protein  Ng, Studied No. with 33% Np, Studied No. with 33%
(or _platelets) reduction (%) reduction (%)
C, 36 36(100%) 18 14(78%)
Cy 5 31(89%) 18 9(50%)
Cy 6 26(72%) 18 9(50%)
CqPA b 24(67%) 18 2(11%)
Ce 21(50%) i8 1(6%)
Transterri:. ¢ 20(56%) 18 3(17%)
Fibrinoge: 27(77%) 16 3(19%)
Plateiers 1 28(90%) 12 9(75%)

Normal leveis or biood constituents used for analysis

(@ 1500 ugy/mi C6 75 ug/ml

(@)= 75 ug/ml Transferrin 2500 ug/mi ‘
G, 400 ug/m. Fibrinogen 1720 ug/ml

<., PA 230 ug/m! Platelets  100,000/mm

* Disease day 5,b, or 7 or diseage day 6, 7, and 8 in patients admitted

after disease day 5,




Table 6. Proportion of Patients with >50% reduction in tndicated blood

constituent on day of onset of shock or the 2 subsequent days

Patients with Shock Patjents without S8hock* -
Serum Protein  No, Studled  No, with 50% No, Studied No, with 50%
{or platelets) Reduction (%) n
C, 36 32 {89%) 18 8 (447%)
C, 35 18 (51%) 18 1 (6%)
C4 36 21 (58%) 18 1 (6%)
C3 PA 36 12 (33%) 18 0 (0%)
CG 35 7 (20%) 18 0 (0%)
Transferrin 36 4 (11%) 18 0 (0%)
Fibrinogen 35 10 (29%) 16 0 (0%)
Platelets 31 28 (90%) 12 7 (s58%)

Normal levels of blood constituents used for analysis

C, 1500 ug/ml, (o] 75 ug/ml
(o] 75 ug/ml, Trgnufcmn 2500 ug/ml

C4 400 ug/ml, Pibrinogen 1720 ug/ml
GC;PA 230 ug/ml, Platelets  100,000/mm?

* Disease day 5,6, and 7 or Disease day 6,7, and 8 in patients admitted

after disease day 5,
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Isolation of dengue virus from dengue hemorrhagic fever patients

Principal investigators: Franklin H, Top, Jr., LTC, MC
Pajratana Gunakasem, M.D.
Debhanom Muangman, M.D,, Dr. P.H.
Suchitra Nimmanitya, M.D.

Associate investigators: Jiraporn Supavadee, B.S.
Morakot Tunticharoen, B.S.
Suwanna Vithanomsat, B.S.
Phuangthong Phiungkeo, R.N.

Purpose: To increase the efficiency of isolation of dengue viruses from
patients with dengue hemorrhayic fever (DHF)

Background: This Laboratory's standard method of isolating dengue viruses
from patients uses serum inoculated into MK-2 cells in the direct and
delayed plaque system, Although this procedure permits isolation of dengue
viruses from <«1-50% of patients with primary dengue infections and from

a similar proportion of patients with secondary infections sampled before
the fifth day of disease, isolation rates from children with DHF approximate
15% (see previous section). Future studies of the role of specific dengue
antigens and antibodies in the pathogenesis of DHF and DSS are likely to
be critically dependent upon identification of the dengue serotype currently
infecting the patient, Such identification {8 not currently possible by
serologic means, but can only be accomplished by isolation of the agent.
Thus we elected to study patients with DHF tc see if a number of different
isolation techniques might increase isolation efficiency in these patients
who are often admitted late in the course of their infection with high dengue
antibody titers.

I. Attempts to isolate dengue and chikungunya viruses from throat swabs
of children with dengue fever.

Children with DHF have early and rapid rises in serum IgG antibodies to
dengue which may result in in vivo neutralization of circulating virus.
Neutralization of viruses in respiratory tract secretions appears dependent
upon locally formed IgA rather than IgG antibody. Alihough the kinetics
of local IgA dengue antibody rises in secondary dengue iniections is
unknown, we hypothesized tha: it likely was slower than serum IgG
antibody rises and that dengue virus, if present in the nasopharynx,

might be still unneutralized wheu it could no longer be detected in serum,

Ten patients presenting to the outpatient department of Children's
Hospital with fevers of unknown origin and shown retrospectively to
have serologic evidence of dengue or chikungunya infection were studied.
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Throat swab and serum were obtained from each patient and were inoculated
onto MK-2 monolayers in the direct and delayed plague system. Viruses
were isolated from serum of 5 patients (3-dengue 2, l-dengue 1 and
chikungunya) but were not isolated from throat washings of any patient.

II. Dengue isolation attempts from serum or plasma of DHF patients.

Studied were 57 patients admitted to Children's Hospital with a diagnosis
of DHF., Serum was drawn on admission ar . on discharge for dengue HI
antibody determinations. Serum (0.3 ml) was also obtained on admission
and on discharge for dengue HI antibody determinations, Serum (0.3 ml)
obtained on admission was inoculated freshly onto MK-2 monolayer for
isolation by the direct and delayed plaque method., Plasma was prepared
from heparinized blood (100 ng/ml). Adult female Aedes aegypti mosquitoes,
obtained from the Department of Medical Entomology, were inoculated
intrathorc~ically with needles dipped in freshly obtained heparinized
blood. Additionally A, aegypti mosquitoes wer e allowed to feed on fresh
heparinized blood from patients through a Raudrache membrane and
engorged mosquitoes were collected. Fifteen mosquitoes of each group
were kept in the insectary for 14 days when they were triturated and tested
for virus by the direct and delayed plagque method using MK-2 cells. An
additional volume of plasma was allowed to settle for 3 hours in the
refrigerator or centrifuged at 600 RPM in an International Centrifuge for

3 minutes. The top layer containing WBC and platelets was collected.
The remaining specimen was centrifuged at 5,000 or 10,000 RPM for 3
minutes and the remaining plasma collected. WBC and platelet counts
were performed on the 2 plasma samples and then 0.3 ml volumes were
inoculated onto monolayers of MK-2 and Aedes albopictus cells

(Fluid Phase Cultures). Maintenance medium from these cultures were
harvested at 7,12, and 14 days after inoculation and titered for virus

in direct MK-2 plaques.

At the conclusion of this study, serum stored at -70° C from patients with
an isolate by any technique was inoculated onto fluid cultures of MK-2
cells as above, and centrifuged plasma samples from these patients
were inoculated onto MK-2 cells in the direct and delayed plaque system.

Progress. Of the 57 patients studied, 33 had serologic evidence of

recent dengue infection and are included in the following data. No

isolactes were obtained from any of the 15 patients without serologic

evidence of dengue infection, and one isolate was obtained from the 9
patients without convalescent serum samples on whom serologic confirmation
of infection was not possible.

Dengue 2 virus was isolated from 6 of the 33 patients with confirmed

dengue (18%). A summary of virus isolations by the various techniques
from these 6 patients is shown in Table . Dengue 2 virus was isolated
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from plasma samples of all 6 patients {noculated into MK-2 fluid phase 1
cultures. Virus was isolated from nrlasma from 3 of 5 of these patients in
direct and delayed plaques. It should be noted that centrifuged plasma
stored at -70" C for 3 months was used in this latter test, (Fresh
centrifuged plasma inoculated into fluid phase cultures in these 5 patients
vielded 4 isolates in fluid phase cultures). In contrast, fresh serum

from the 6 patients ylelded but 2 dengue strains in the direct and delayed
MK-2 plaque system, while but one isolate was obtained from the 5 patients
whose frozen serum was inoculated into MK-2 fluid phase cultures after
storage for 3 months. No dengue isolations were obtained from fresh

plasma inoculated into fluid phase cultures of A. albopictus cells, One

of the 6 heparinized bloods yielded dengue 2 virus after intrathoracic
Inoculation and membrane feeding using A, aegypti mosquitoes.

Attempts were made to ascertain whether isolations from fresh plasma

in fluid phase MK-2 cultures correlated with the presence of platelets or

WBC in plasma. These results are shown in Table 2. The centrifugation
technique used did not completely separate WBC or platelets from most
plasma samples. Virus was recovered from both uncentrifuged and
centrifuged specimens from 5 patients and only from uncentrifuged plasma
in one patient. A correlation of virus recovery and platelet or WBC
counts in either plasma specimen is not apparent.

We were initially disappointed that the most efficien: isolation system

in this study (plasma into MK-2 cell cultures) yielded an isolation rate

of 18%, similar to the 15% obtained in the DSS study in which serum-

MK2 plaques system was used. However, populations sampled in these
2 studies differed in at least one important aspect. A much higher
proportion of patients in the DSS ‘tudy (29%) had dengue 2 antibody titers
of 21:80 when studied than patients in this study (6%). In the DSS study,
dengue was only isolated from patients' serum with dengue 2 HI antibody
titers of »1:80 (see Table 3 - DSS study, this re; wt). In the present
study, dengue virus was isolated from the 2 pat- s with titers 21:80,

but also from 4 patients with HI antibody titers ranging from 1:160 or
1:1280 (Table 3). Only one of these latter 4 patients had an isolate

from serum. This finding of dengue isolations from heparinized plasma
containing relatively large quantities of aengue antibody suggests that
heparinized plasma may be a more efficient sample for isolation of dengue
virus from DHF patients. Reasons for this finding in the small number of
patients with isolations studied is unclear and will require further
investigation, A, aegypti mosquitoes or A. albopictus cell cultures

were not effective isolation systems in this study.
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Table 3, Dengue isolations from plasma -~ MK-2 fluid phase cultures in

relationship to dengue 2 HI titer in plasma used for isolation,

Reciprocal Number of patients
denque 2 HI titer Number of patients studied with isolates

»*

<20
40

80
160
320
640
1280
2560
5120
10240
220480

¥

N = NN WO NN O
QOO - OIN - O -~

di

Total 33

* includes 1 patient with isolation from serum,
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Title: Cellular Immunity in Dengue Infections

Principal Investigators: Varanya Sangpethsong, M.S.
Robert Edelman, LTC, MC

Associate Investigators: Ananda Nisalak, M,D.
Thomas J, Smith (Deceased) COL, MC

Objective: 1) To develop an {n vitro system to measure cell-mediated
immunity (CMI)

2) To deteriaine whether or not CMI to dengue virus appears
in primates and humans following dengue infection,

Background: Little is known of the processes which confer l:.sting and
effective immunity to arthropod-borne viruses, Measurement of any single
parameter of the immunological response, such as cuculating antibody,
may not correlate with resistance to disease under all circumstances,
There 1s increasing evidence that lymphocyte~mediated cellular-immunity
(CMI) confers protection against virus diseases caused by paramyxo,
herpes, pox and certain oncogenic virusés, Canversely, in some virus
infections, it 1s likely that CMI may actually participate in the pathogenesis
of illness, There have heen no published studies of the development and
function of lymphocyte-mediated CMI {n arbovirus infections of man or
primates, This project was designed to test for the presence of CMI in
arbovirus infections of these hosts using newly~developed {n vitro
techniques,

Progress; Work on this project started several years ago by COL Thomas
J. Smith and Dr, Ananda Nisalak, who introduced the macrophage inhibi-
tion 2ssay for macrophage inhibition factor (MIF) into this laboratory, The
current investigators have attempted to refine this highly-specific test for
cell-mediated {immunity and adapt it to the requirements of the project,

Briefly the technique is baced on the observation that lymphocytes
obtained from immunized donors, incubated {p vitre with the immunogen
(antigen) excrete a factor (MIF) which inhibits migration of macrophages
out of capillary tubes, In the method employed, peritoneal exudate cells
from adult guinea pigs are allowed to migrate from capillary tubes onto
cover slips in small culture (Mackaness) chambers. MIF is considered
present in the culture medium when the measured area of macrophage
migration in "MIF" medium is less than 80% of the area measured in the
presence of Control Media not containing MIF, Table 1 describes the 4
media used in each MIF assay.
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First a ..umber of different culture media were tested for suitability
for sustaining migration of guinea pig exudate cells (macrophages)
from capillary tubes. The most suitable medium consisted of medium
199, 0.1% glutamine, 7% NaHCOg3, 10% inactivated guinea pig serum,
5% fetal bovine serum, antibiotics, and 5% COZ‘

The migration of macrophages obtained from female and male guinea
pigs was next compared, The area of macrophage outgrowth from the cut
and of capillary tubes was photographed at 24 & 48 hrs, the photograph
traced, and the area under the tracing measured with a planimeter,z The
average area of cell ml,?ratlon for 7 male guinea pigs was 1,71 cm“ and
for 7 females, 1,40 cm®, Males were therefor.s selected as macrophage
donors.,

Next studied was the inherent error and reproducibility of the MIF
technique. With the collaboration of LTC R.A, Grossman, Dept. of
Epidemiology, a statistical evaluation was made of macrophage out-
growth, looking for possible sources of error, The design of this ex-

] periment involved testing macrophages taken from 3 guinea pigs (4 tubes
per animal), with area measurements made at 24 & 48 houre, The data
was analyzed by the factorial statistical analysis, Our conclusions were
’ 1) repeated meagsurements of the same tracing are fairly precise (:5%).

2) differences existed between the 3 animals used, although in this
particular test they were reflected only in differences in the variability
of the ohservations on capillary tubes and not of their means. Variability
) found was principally due to the inclusion of outgrowth patterns which
were difilcult to trace and it was concluded that such tracings should be
eliminated. Since occasionally 1 or even 2 of the capillary tubes show
unexplained irregularly contoured or incomplete outgrowth patterns at
least 4 tubes per test were required. 3) Tracings at 24 hours were as
relinble as tracings at 48 hrs,

We next attempted to demonstrate release of MIF by lymphocytes
taken from PPD skin test positive donors. Lymphocyte purified to >90% {
on glass bead columns, and mixed leukocytes containing 50% lymphocytes
werse incubated with PPD (40 ug/m)) for 3 days. Two "MIF" media were
examined; one was not concentrated, and the second was concentrated
to 1/5 the original volume on an Amtoon ultrafiltration unit and then
incubated with macrophages in capillary tubes. Macrophages were
similarly incubated with concentrated or unconcentrated control media
(see Table 1 for basic experimental design), No inhibition of macrophage ‘

migration was ob: erved on several attempts. Unsuccessful experimental
variations were attempted: 1) use of killed Mycobacterium tuberculosis
instead of PPD, 2) mixing human buffy coat cells with guinea pig macro-
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phages in the capilla.y tube and then adding PPD antigen to this culture
medium, 3) adding lymphocytes and antigen directly to the culture
medium bathing the capillary tubes. In addition we incubated strepto-
kinase—gtreptodomase (SK-8D) antigen (50 units) with lymphocytes
(3-5x10° cells/ml) taken from a 8K-SD skin test positive donor, One-
half of the mediuin was withdrawn everyday, and fresh antigen contain-
ing medium added. The medium was pooled, concentrated 5 to 10 fold,
and incubated together with suitable control media within capillary tubes
in Mackaness chambers, On 2 occasions inhibition of migration (25% and
50%) was notec¢ in the immune lymphocyte and antigen preparations but in
both experiment: one of the 3 control preparations also produced inhibition
of migration, A third attempt showed no inhibition of migration by the
immune or control preparations, Further attempts to demonstrate release
of MIF have been indefinitely postponed, Attention will now focus on

the less-specific, but technically easier lymphocyte transformation tech-
nique, Whatever {n vivo CMI technique is finally selected, it must work
with no more than 10-15 ml whole blood, which 18 the maximum volume of
blood that can be drawn from children or primates at any one time,
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Table 1. Media used for MIF assay

Culture medium incubated 3 days with:

Med{um Lymphocytes Antigen
1, "MIPF" +¥ +
2, Control + 0™
3. Control 0 +
4, Control 0 0

*+ = present in culture medium
xx 0 = not present in culture medium
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Infection and Malnutrition: Immune Function in Children with Protein-
Calorie and Vitamin A Malnutrition,

Principal Irvestigators: Robert Ede!man, LIC MC
*Satit Sirising, D.D.S., Ph,D,
**Robert M, Suskind, M.D,

Footnote* Department of Microbiology, Faculty of Science, Mahidol
University, Bangkok,

** Field Director, St. Louis Anemia iind Malnutrition Research
Center (Malan) Faculty of Medicine, Chiangmai University,
Chiangmai, Thailand,

Associate Investigator: Anong Pariyanonda, M,S,

Introduction: This is a collaborative project between SMRL, the Faculty
of Science, Mahidol University, and the St, Louis Anemia & Malnutrition
Research Center, Chiangmai, Thailand,

Background: The broad purpose of this project is to clarify why malnour-
ished individuals are more susceptible to microbial infections than well
nourished persons, In order to elucidate some of the possible mechanisms
leading to increased susceptibility, we are evaluating the cellular and
humoral immune satus of children with protein-calorie malnutrition (PCM),
Specifically the humoral parameters being investigatecd are serum and
naso-pharyngezi immunoglotulin levels, serum levels of complement
components, including Clq, Clg, C3, C4, Cs5, C6, C8, C9, C3~
proactivator, and tctal serum hemolytic complement activity (C'Hso).

The cell-mediated immune (CMI) status of the children is being evaluated
by measuring the cutaneous response to dinitrofluorobenzene (DNFB)
sensitization and to Monilia and Streptokinase-streptodornase (SK~SD)
skin test antigens,

We anticipate that better understanding of host defense immune
mechanisms against microbial infection in healthy, in addition to mal-
nourished individuals will result from a study of malnourished children,

Study design: This project is designed to conform to the diagnostic and
treatment schedule already in effect at the Anemia and Malnutrition
Research Center of 8t, Louis University, Nakorn Chiangmai Hospital
(MALAN), Chiangmai Thailand, The clinical phase of the study outlined
below 1is the responsibility of Dr. Robert M, Suskind, and LTC Robert
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Edelman, SMRL, The laboratory phase, which consist principally of
measuring the levels of immune components in serum, is thea responsibility
of Dr, Satit Sirising and LTC Edelman,

All patients admitted to the 14 bed research ward of MALAN are treated,
studied for 3 months (84-92 days) and then discharged, On admission the
patients are clinically evaluated and scored for the presence of maramus,
marasmus-kwashiorkor, kwashiorkor according to the modified criterias
of McLaren and Gomez (see Table 1), Children are admitted to the study
if they have primary malnutrition and weigh more than 3,0 kg, and less
than 12 kg,

In addition to this protocol each patient is beinc extensively studied
in another and larger research protocol directed by Dr, 8uskind for blood
coagulation factors, red cell survival, serum pruceins (albumin, globulins,
ceruloplasmin and copper, TIBC and iron, lipoproteins, glycoproteins,
retinol binding protein, haptoglobin, hemopexin, blood & urine amino
acid patterns, serum lipids, erythrocyte & leukocyte enzymes, Australian
antigen, and electron and light microscopy of liver biopsies.

At the time of admission each patient is placed in one of 4 dietary
groups so that approximately equal numbers of marasmic, marasmic-
kwashiorkur, and kwashiorkor patients comprise each group. The 4
groups and their diets are listed in Table 2, Details of the diet fed
during the day 1-7 stabilization period are given in Table 3, The
stabilization period may be extended if the patient is not able to tolerate
the diet given, but this rarely has been necessary. In addition to the
diets listed in Tables 2 & 3, large doses of supplemental vitamins and
minerals are given starting on day 2. On admission, all patients are
treated vigorously for infection and for fluid and electrolyte imbalance.
The large majority of patients have infections on admission,

Progress A) Cell-mediated immunity

Contact sensitization to l1-nitro, 2, 4-difluorebenzene (DNFB) is a
standard method used to test cell-mediated immunity i{n vivo. Pre-existing
sensitization is rare, approximately 95% of normal subjects can be sensi-
tized to DNFB, and circulating antibodies do not develop from contact
gensitization,

The children are sensitized with 2 mg of DNFB in acetone applied
to the forearm which is then allowed to dry. The site of application was
protected for 24 hours with an acclusive dressing, The children are
tested for sensitization to DNFB by applying 100 ug DNFB in acetone
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to the opposite forearm 12~14 days after the sensitizing dose was applied.
Two days after the skin test dose, the inflammatory skin response at the
test dose site is graded, If positive the children are considered immunized,

A total of 19 patients were exposed to 2 mg DNFB on admission; Most
were first skin tested with 100 ug DNFB on day 15 while a few patients
were lst tested on day 29 & 44. Skin tests were repeated at 2 week
intervals until positive, The results of the attempt to induce DNFB
sensitivity in these patients are given in Table 4. Assuming all children
were skin test negative on admission. Only 21% of children had converted '
and were skin test positive when first tested on day 15. An increasing
percentage of patients converted to positive after day 15, with 100% of
patients skin test positive by day 56. The low percentage of positive
patients on day 15 could be explained by a defective immune response,

a faulty inflammatory response, or by defects in both of these mechanisms.
The increasing percentage of reactors to the skin test dose after day 15
could be due to improved nutritional status leading in turn to repair of a
defective effector {antigen recognition & response) limb of CMI or to
repair of a deficient inflammatory response., Furthermore repeated skin
test doses of 100 ug DNFB may have contributed to the gradually increasing
conversion rate to subsequent skin testing by stimulating the affector
(iymphocyte sensitizing) limb of CMI, We therefore designed additional
experiments to clarify the mechanism of the defective response to DNFB,
These experiments, most of which are in progress, are described below,

DNFB is a potent non-specific skin irritant {n addition to being a
contact allergen, Application of a 2 mg dose to the skin of a non-
immune results in inarked inflammation (erythema and edema) within
12-72 hours which subsides over 3-5 days, We attempted to measure
the skin inflammatory respmse to DNFB, Three groups of non~immune
patients were first sensitized with 2 mg DNFB on admission, on days
15, or on day 56, The degree of skin inflammaton was graded 2 days
after DNFB challenge, and the results obtained to date are shown in
Table 5, Only 9 of 25 (36%) of those sensitized on admission had an *
inflammatory response consisting of induration and/or vesicle or bleb
formation, whereas 3 of 3 children sensitized on day 56 had an {
inflammatory response, Greater than 75% of normal adults can be
expected to show an inflammatory response according to a previous
report, It therefore appears that in PCM, the inflammatory response may
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be deficient on admission but improves coincident with nutritional
repair, Further studies are planned to study their inflammatory skin
responses using the Rebuck skin window technique.

We attempted to determine when the CMI response can be induced
by testing 5 patients from each of the 3 treatment groups shown in
Table 5. These patients, sensitized for the first time on days 1, 15,
or 56, were ali: skin tested with 100 ug DNFB on day 70. The results
shown in Table 6 show that none of 4 pts could be sensitized on day 1,
but 3 of 3 patients could be sensitized on day 56. The failure to
sensitize on day 1l strongly suggests that a defect in the CMI response
exists on day 1, Because the effector portion of the CMI response
(Table 7) and the inflammatory response (Table 5) is intact on day 56,
the failure to respond implies that a defect existed on day 1 in the
ability to be immunologically sensitized (affector limb). Results pending
(Table 6) will determine whether this defect is repaired by day 15.

As previously discussed, the 100 ugm skin test doses of DNFB
repeated while nutritional repair was occurring may have stimulated
the affector limb of a recovering CMI response and may have thereby
contributec .o the rising conversion rates noted in Rble 4. In order
to test this possibility the 4 children in Table 6 who were skin test
negative on day 70 were challenged again; Two were skin tested with
100 ug DNFB on day 84 and two on day 92, One child on each of these
2 retest days converted to skin test positive, indicating that the skin
test dose of 100 ugm may indeed {immunize some nutritionally repaired
children,

Between 50 and 90% of healthy individuals can be expected to have
been naturally sensitized to moenilia or streptococcal antigens by the
ace of 6-12 monthg, and therefore show positive delayed hypersensitivity
to intradermal antigenic challenge. Accordingly in order to test immuno-
logical recall in PCM, patients were inoculated intradermally on day 1
with 0.1 ml of monilfa {1:100) and streptokinase-streptodornase (SK-SD)
(50 units) skin test antigens. The patients served as their own controls
in that they were retested when their nutritional status was partially
(day 29) and completely (day 70) normal, The results shown in Table 7
indicate that on admission only 7% and 14% of children were skin test
positive to monilia and 8K-8D, respectively. By day 70, 70% of the
children were positive to monilia and 50% were positive to SK-SD, The
poor response to antigenic challenge on day 1 can be ascribed either to
a deficient {nflammatory response (Table 5) or to a defective effector (recall)
portion of the CMI response. Itis apparent ihat by day 70, both mechan-~
isms were largely intact. A study is in progress to test the CMI effector
limb independently of inflammatory response by measuring lymphocyte
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transformation in vitro in the presence of monilia and 8K-8D antigens,
In addition, 20 pts are being repeatedly skin tested starting on day 70
in order to determine whether these test antigens can immunize and
induce a positive test on rechallenge.

Tota! peripheral lymphocyte counts were performed on admission,
The results, grouped according to clinical diagnosis, show no decrease
in lymphocyte counts compared to normal and no differences between 7
marasimic (x = 6,770 cumm), 9 marasmic-kwashiorkor (x = 6,178 cumm)
and 10 kwashiorkor (% = 5,812 cumm) patients, Thus the immune defects
noted in PCM are the results of factors other than a quantitative defi-
ciency of circulating lymphocytes,

Further correlations were made between clinical diagnosis (m, m-k,
k) and the immune and inflammatery response on admission. No clear
relationship emerged between the clinical state of the patient and their
inflammatory and immune responses on day 1l; the 3 groups appear to be
equally defective., The levels of serum complement components (C'lq,
C'ls, C'3 proactivator, C'3, & C'S) on admission did not correlate with
the degree of impairment of inflammation or of CMI, Finally the effect
of the 4 protein-calorie diets {table 2) on DNFB skin test responses on day
15 and 29 was studied; results show no clear differences between the 4
dietary groups; all diet groups showed nearly equal and gradual improve-
ment, It thus appears that the low calorie~low protein diet with vitamin
and mineral supplements supplies adequate nutrients for physiological
repair of the DNFB skin test., Physiological repair with 1 gm protein/Kg
diet was not invariable; the low serum complement levels for example,
shown in the next section, rose only with a 4 gram protein/Kg diet.

B, Serum Complement and Immunoglobulin,

Background: Serum complement plays a major role in mediating inflam-
mation, chemotaxis, immune cytolysis and phagocytosis of bacteria,
Complement is involved in endotoxin metabolism and perhaps {n endotoxin
shock. Infectior, particularly bacterial with endotoxin shock, is a
common event in PCM; the previous section on CMI function provides
evidence for defective inflammatory response, Thus a study of complement
in PCM may provide additional clues as to the mechanism mediating
infections and the many physiological malfunctions noted in malnourished
individuals, Our initial studies have dealt with the "profiles" of serum

C' component levels and the change in these levels following nutritional
repair. Dr, H, J. Muller-Eberhardt generously provided the immuno-
diffusion plates for determining the levels of 9 complement components,
Duplicate data for C'3 was also obtained using commercial immunoplates
myland Iﬂb) .
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Serum or heparinized plasma was obtained on days 1,8,29, and 84,
The seruin was stored for weeks or months at -20°C and then shipped to
Bangkok. All specimens were run with complement standards supplied
by Dr, Muller-Eberhardt or Hyland Labs,

Serum immunoglobulin levels were also determined in these serum
specimens by radial immunodiffusion using commercial IgA, 1gG, IgM
& IgD plates,

Progress: The statistical analysis of data from 20 well-nourished

control patients and 10 marasmic and 10 Kwashiorkor patients is not
completely finished, A narrative summary of the data obtained to date
follows. All complement components were depressed on day 1 below

the mean control levels; some components, such as C'3 proactivator

and C'9, measured more than 2 standard deviations below the control
mean, while others, such as C'4 & C'S were within 1 standard deviation
of the mean, The C!' levels began to rise by day 8, with recovery of all
components by day 29, The levels for several components on day 29

were in fact significantly higher than the mean, but fell to normal levels
by day 84, producing a "rebound" effect, In general the levels of C' on
day 1 were lower in Kwashiorkor than in marasmic patients, Evidence is
accumulating which indicates that the depressed levels of C* on admission
are the result of depressed synthesis rather than of increased consumption
or loss, For example, comparisons were made of C' levels on days 8 &
29 in children fed 1 gm protein - 175 cal/kg diets and those fed 4 gm
protein - 175 cal/kg diets, The C' levels did not rise between days @

& 29 in children fed the low protein diet, whereas all C' components rose
markedly on the high protein diet. Complement turnover studies are being
planned.

The low titers of C* components measured immunochemically does not
necessarily reflect imparied complement biological activity, Therefore &n
attempt was made to elucidate the biological activity of serum C* by titer-
ing total hemolytic complement activity (C'Hse) . In a series of preliminary
experiments we found that G'H50 titers are not lowered by repeated freeze-
thawing, storage at room temperature (25°C) for 6 hours, or addition of
hepar. . or CO, atmosphere to the storage tubes, However storage prolonged
beyond 2-3 weeks, even at -90 C, seems to res:iit in a gradual loss of
C'Hgq titer cver time., Thus the very low C'Hgq titers we measured in
children with PCM may have resulted from prolonged storage of their serum
(1-5 months) before testing, We are now measuring G'Hso titers in serum
stored less than 2-3 weeks in order to eliminate this possible laboratory
artifact,
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Measurement of serum immunoglobulin (Ig) levels has shown that
on admission IgG & IgM are slightly increased in those children clinically
infected, while IgD and IgA are markedly increased. In no patient were
admission Ig levels below those considered normal for Thai children, The
IgA & IgD levels tended to fall to normal levels over several weeks, Plans
are underway to test the quality rather than the quaniity of serum Ig in
PCM by measuring the immune response to specific antigeric challenge,

Summary: This data emphasizes the disordered CMI function, inflam-

matory response, and complement metabolism in PCM, The data thus
provides a sound basis for further studies of PCM and infection,
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Table 1, Criteria used to score the clinical nutritional s'atus of each

PCM patient on admission,

I. Clinical impression
II., Mclaren's criteria
Sign Point Score
1, Edema 3
2, Dermatosis 2
3. Edema + Dermaiosis 6
4, Hair change 1
5. Hepatomegaly 1
6, Serum albumin {(gm/100 ml
Total serum protein igm/100 ml)
-1,00 -3.25 7
1,00-1.49 3,25-3.,99 6
1,50-1,99 4,00-4,74 S
2,00-2,49 4,75-5,49 4
2,50-2,99 5¢50-6,24 3
3.00-3,49 6,25~6,99 2
3,50-3,99 7.00-7,74 1
24.00 27.75
Mclaren'’s score
Clinical diagnosis Total point score
marasmus 0-3
marasmus-kwashiorkor 4-8
kwashiorkor 9-15
III Gomez criteria
Clinical criteria Measured weight/ Edema
expected weight
for age (Thailand
Marasmus <60% No
Marasmus~Kwashiorkor <60% yes
Kwashiorkor >60% yes

underwetght child >60% No
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Table 2, Dietary groups

Group

I

II

1144

Days following admissjon

1-7

8-29 30-70 70-84

Stapilization 1 gm protein/kg 4 gm protein/kg  solid food

100 calorles/kg 175 calories/kg ad lib (4gm.175 cal.)

4 gm protein/kg " "
100 calories/kg

1 gm protein/kg j "
175 calories/kg

4 gm protein/kg u a
175 calories/kg

Table 3, Stabilization dist (days 1-7)

Day
1

263
465

6&7

Component

IV therapy
1 gm protein and 25 cal/kg - if tolerated
1 gm protein and 50 cal/kg - if tolerated

1 gm protein and 100 cal/kg - if tolerated
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Table 4, Contact Sensitization to DNFB'/ in Protein-Calorie Malnourished

- Children
3

Day 5)217 Total S n e'/

tested~/ pts Positive Negative % Converted
15 19 4 15 21

29 14 7 7 50

44 11 8 3 73

56 8 8 0 100

1/ Sensitizing dose of 2 mgn DNFB applied to skin on day 1,

2/ Day 100 ugm skin test dose DNFB applied to skin; skin response
graded 2 days later,

3/ Positive = induration and/or vesicle or bleb
Negative = no reaction or erythema only.

Table 5. Skin Inflammatory Response to 2 mgm DNFB
Skin response™*

Day tested* Total pts, pts completed Pogjtive negative % Positive

1 25 25 9 16 36
15 ) 0
56 S 3 3 0 100

* Skin re ‘ponse read on day 3, 17, and 58 respectively

xx Negative = no reaction or erythema; positive = induration and/or vesicle
or bleb formation,
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Table 6, Attempt to induce DNFB sensitivity on different days after

admission
Skin response™*
Day Sensitized* Total pts, Pts compited  Pggitive Negative
1 5 4 0 4
15 5 0
56 5 3 3 0

* Day sensitizing dose of 2 mgm DNFB applied to skin
xx Skin test dose of 100 ug DNFB applied on day 70 and read on day 72;

positive = induration and/or vesicle or bleb; negative = no reaction
or erythema

Table 7, Skin Test Response to Monilia and Streptoccocal Antigens

Day* Total no, Skin Regponge %
Antigen tested  patients =~ Positive  Negative  Positive
XX

Montilia 1 13 1 12 7
(1:100) 29 12 8 4 66

70 10 7 a 70
SK~SD#*#*# 1 29 4 25 14
(50 units) 29 27 9 18 33

70 25 13 12 52

* Skin test read two days after 0,1 ml antigen {injected intradermally,
xx Monilia positive test = > 5mm induration and/or vesicle

otk Streptokinase-streptodornese positive test = erythema and/or induration,
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Isolation and Characterization of Influenza A Viruses from Korat

Principal Investigators: Rapin Snitbhan, M,D.
Pricha Singharaj, M.,D,
Franklin H, Top, Jr., M D.

Background: I:. late February 1972, members of the S8chool ef Public Health
noted and excess in febrile respiratory disease among Thai Nationals seen in
their health - {i:ic in Korat, Thailand. Although no increase in URI rates
were reporteu in U,S. military personnel in Thailand in February-March
1972, attempts were made to determine whether the civilian outbreak was
associated with influenza virus.

Methods: Throat washing (TWS8) in Hank's balanced salt solution with
0.4% bovine plasma albumin and acute serum were obtained from 11 patients
with febrile URIs, TWS were frozen and transported to Bangkok on dry ice.
Two week convalescent sera were obtained on 4 of the 11 patients origi-
nally sampled. Ali.quots of TWS were inoculated into the amniotic and
allantoic cavities of embryonated eggs; fluids were harvested 3 days after
inoculation and tested for hemagglutination, Aliguots of TWS were also
inoculated into tube cultures of primary Rhesus monkey kidney cells (MKR)
which were observed for cytopathic effect (CPE) every other dar and tested
for hemadsorption at 7 and 14 days, Isolates were characterized in
hemagglutination-inhibition (HI) tests using hyperimmune antigera to
reference Influenza strains. Acute and convalescent sera from patients
were treated with receptor~destroying enzyme (RDE) prior to use in HI
tests with 4 units of A2/HK/68 antigen.

Progress: Influenza A strains were i{solated from TWS of 10 of the 11
patients sampled; 9 strains were isolated in embryonated eggs and 8 in
MKR cell cultures, Strains isolated in MKR cultures showed CPE similar

to that found with the 1968 Influenza A strains, Table 1 shows results J
of antigenic analysis of one of the isolates, Ay/Korat 305/72, against
hyperimmume antisera to reference Influenza strains, The 1972 isolate
18 obviously cloaely related by HI test to the 1968 A influenza strains
isolated in Hong Kong and Korat, All 4 patients tested had >4 fold virus
in HI antibody to A;/HK/1/68 between acute and convalescent sera,

We conclude that the Influenza A strains isolated from Korat in
1972 have similar HA antigens to 1968 strains, One isolate G\zl.orat
305/22) was shipped through WRAIR to the WHO Influenza Reference
Laboratory, National Center for Disease Control for more detailed anti-
genic analysis including characterization of its neuraminidase antigen,
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Table 1, Antigenic analysis of Korat Influenza Isolate by HI Tests

T

Antisorum of Reference Strain Homologous Titer Titer to Az/Komt 305/72

A,/Japan 305/57 160 10
AZ/Puerto Rico/64 160 10
Az/Korat 1/68 320 320

Az/Hong Kong 1/68 320 320




The Study of Coronavirus OC43 Infection

Principal Investigators: Chaninthorn S8uwongse, M,D,
Franklin H, Top, Jr., LIC MC

Objective: To determine the past incidence of coronavirus infections in
people living in the tropical environment of Thailand. |

Background: Coronaviruses are a newly described group of RNA viruses
isolated from patients with upper respiratory tract illness, At present,
at least 3 distinct strains of coronaviruses have been isolated - R314,
229E, and NIH O,C, (organ culturs) atrains, Strain B814 was isolated
and has only been grown in human embryonic tracheal organ cultures.
Strain 229E was isolated in human cell cultures and can be grown in
various human derived cell lines. The NIH O,C, viruses (OC38, OC43),
originally isolated in human organ culture, have been successfully
adapted to grow in suckling mouse brain, Although the antigenic
characteristics of these 3 prototy<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>