
THE ANNUAL PROGRESS REPORT

of the
SEATO MEDICAL RESEARCH

LABORATORY

F Accesion For

NTIS CRA&I
DTIC TAi3
UWaninou•-ced

Justification -

April 1974-March 1975 .y
Dist. lbution, I

Availability Codes

Awad and/or

Edited and published by the United States Army Medical

Component' of the SEATO Medical Research Laboratory

DTIC QUALITY INSPECTED2

"The United States Army Medical Component Is a spacial overseas activity of the Walter Reed
Army Institute of Research, Washington, D.C.

2 18 '168



PREAMBLE

In Southeast Asia tropical diseases usually cause a great number of health problems
with particular influence on the socioeconomic status of human resources. Our SMRL
research physicians and scientists have striven forwards to discover the etiologic factors of

these ailments and their complications.

The accomplishment of research studies form the scientific bases In solving many
problems of the disease process. Undoubtedly further investigations are mandatory for the
unsolved areas of the Individual or group of diseases.

Apparently the research topics in this volume have been properly grouped Into 5
categories : virus diseases, bacterial diseases, parasitic diseases, and the other two separate
sections under the miscellaneous group and the malaria studies. The outcome of these
experimental and clinical research studies are by all means contributory to the medical
progress.

THUTCHAI DHIRATHUMRONG
Major General, MC, RTA
Director General
SEATO Medical Research Project.
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Dengue Infection at the Children's Hospital of Bangkok

Principal Investigators: Robert McNair Scott, MAJ, MC
Suchitra Nimmanitaya, M.D.'
Pethal Mansuwan, M.D.'
William Hi. Bancroft, LTC, MC

Associate Investigators: Bunterng Dechjun, RN
Ovath Thonglee, RN
Panor Srisongkram, B.Sc.
Nonglak Khananuroksa, B.Sc.
Nongnard Sahasakdimontri, B. Sc.
Naowayubol Nutkumhang, B.Sc.

OBJECTIVE: To provide viral diagnostic and laboratory expertise to the Children's Hospital of Bangkok
and to collect specimens for specialized dengue virus isolation and serology.

BACKGROUND: Dengue virus infections continue to be an annoying and potentially critical problem for
military forces stotioned in many tropical areas. Dengue infections are also a major cause of morbidity
and mortality among children In Southeast Asia. As in previous years SEATO Medical Research Laboratory
has collaborated with the Children's Hospital of Bangkok in the study of dengue hemorrhagic fever. This
has been mutually beneficial allowing for improved patient care through diagnostic and laboratory work
provided by SEATO Laboratory and allowing for the collection of specialized samples from dengue patients
to allow for investigations of the pathogenesis and clinical expressions of this infection.

DESCRIPTION: Patients with a hospital admission diagnosis compatible with dengue infections (dengue
hemorrhagic fever, dengue fever or undifferentiated fever) were selected from the infectious disease
wards of the Bangkok Children's Hospital. A standardized chart of pertinent signs, symptoms and laboratory
findings was instituted on each patient.

An attempt was made to collect blood on at least the day of diagnosis and on the third, fifth, fifteenth
and thirtieth days after hospitalization. Blood was allowed to clot or was collected using heparinized tubes
(-20 u heparin/ml blood). Studies were done on either serum or plasma. During the month of July and
August plasma was removed from heparinized blood and the cellular components were separated using
a dextran sedimentation technique. Peripheral blood leukocytes were used by Dr. Nyven J. Marchette,
University of Hawaii, in an investigation of the occurrence and specificity of in vitro antibody
production, and to study the phenomenon of permissive peripheral blood leukocytes previously identified
in monkeys. Platelets and, in a few cases, leukocytes as well as plasma were submitted for virus
Isolation.

Virus isolation was performed using a direct and delayed plaque technique. Plasma was also inoculated
Into mosquitoes, both at SEATO Medical Research Laboratory and at the University of Hawaii, to test the
mosquito isolation technique of Rosen et ol (see elsewhere in this report). Sera or plasma were used for
serology; hemagglutination inhibition (HI) tests were performed using suckling mouse brain antigens prepared
from dengue 1 (Hawaii), dengue 2 (New Guinea C), dengue 3 (H-87), dengue A (H-241), Japanese
Encephalitis (Nakayama) and Chikungunya (Ross). Sera were extracted with acetone and tested against eight
units of antigen. All sera collected from one patient were tested simultaneously.

At the conclusion of hospitalization, a clinical discharge diagnosis was made and the severity of the
illness was Independently classified by clinicians in charge of the case.

1 Children's Hospital, Bangkok, Thailand.
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Grading of severity of dengue hemorrhagic fever used criteria established by one of us.

Grade It Fever accompanied by non-specific constitutional symptoms. The only hemorrhagic manifestation
is a positive tourniquet test.

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

Grade lilt Circulatory failure manifested by weak, rapid pulse with narrowing of pulse pressure (less than
20 mm Hg) or hypotenslon (systolic pressure 90 mm Hg or less).

Grade IV: Moribund patients with undetectable blood pressure or pulse.

Following grading, isolation and serological data were used to Identify those patients infected with dengue
and to determine the type of antibody response. Patients were considered to have had a dengue infection
if a four-fold rise in HI antibody titer to at least two of the group B antigens was found between the
acute and convalescent sera or if convalescent antibody titers to at least two antigens equaled or exceeded
1: 640. Criteria for the identification of primary or secondary dengue have been previously reported.
Patients with convalescent HI titers of 1 : 640 or more to at least two dengue antigens were considered
to have secondary infections while those with convalescent Hi titers of less than 1: 640 were considered
to have primary infections. Where necessary to clarify the occurrence of a primary or secondary infection,
plaque reduction neutralization by selected sara of appropriate Group A and Group B seed viruses were
performed.

in a few cases Immunoglobulin separations were performed using sucrose gradient ultracentrifugation. The
original sera and the fractions obtained from the sucrose gradients were tested for IgM, IgG and BIC/BIA
concentrations using radialdiffusion plates (Hyland Laboratories). Antibody contained in these fractions
was assayed by hemagglutination inhibition with and without treatment with 2 mercaptoethanol (2 ME).
The 2 ME treatment was used to reduce IgM antibody activity.

One hundred and thirty four patients with admission diagnoses compatible with dengue infection were seen
on the ward. One hundred and twenty seven of these were adequately followed and 114 (90%) were
diagnosed as dengue infection by viral isolation, by serological criteria or both. Sixteen strains of dengue
virus were isolated by direct or delayed plaque technique from either the plasma or the cellular components
from the blood of the 114 patients with evidence of dengue infection (Table 1). in some cases isolations
were made from the cellular components only. This represents an isolation rate of 14%. Five strains were
dengue 1, five were dengue 2, three were dengue 3 and three are as yet unclassified. No dengue A was
identified in Bangkok in 1974. Further details of isolation by the direct and delayed plaque technique
and the mosquito isolation procedure will be found elsewhere In this report.

Of the 114 patients diagnosed as dengue, 13 (11.4*) patients had low level antibody responses detected
by Hi and were considered primary dengue infections, 94 (84%) had high Hi titers and were co-4sidered
secondary infections. of the latter, 10 patients exhibited high fixed titers and 84 showed rising titers.
Seven (6%) patients died, usually before the fifth day of disease. As no convalescent sera could be
collected in these cases, the patients could not be classified on serological grounds as having primary or
secondary Infections. Laboratory findings on the 107 patients on whom classification could be completed
may be found in Table 2. Dengue hemorrhagic fever occurred in patients with either primary or secondary
infections and the distribution of clinical grades was essentially similar to that found in previous studies
of hospitalized patients with one major exception.

This year, close clinical observation allowed for the detection of shock in three patients (D74-77, 91 and
103) exhibiting an antibody pattern characteristic of primary dengue infection (Table 3).

These three patients were investigated further. Figure 1 is a flow diagram of the clinical course of one
of them (D74-77). In this patient shock occurred in the morning of the sixth day at a time when the
fever was suSsiding. The rising hematocrit and the falling platelet counts occurred over a short period of
time lust prior to the onset of shock. HI antibody titers at this time were between <I :20 and 1 ISO
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against dengue I virus and were lower against other dengue types. Complement factor three, as estimated
from the BiC/BiA concentrations, was 74 mgz on day 5; it fell to 54 mg% on day 7 and rose slightly to
64 mgm by day 9. it was measured again on days 19 and 34 when levels had returned to 136 mgu; a
value within the normal range of 143 ± 22 mg* reported by Hyland Laboratories. The clinical course of
D74-77 was essentially similar to those of the other two cases Investigated.

From one of these patients (D74-103) a dengue 3 virus was isolated. No virus was Identified in the
other two (D74-77 and 91). Plaque reduction neutralization tests of all four dengue types and Chikungunya
were performed on acute and convalescent sera from each patient. The results are currently available from

two of them (D74-77, 91) (Table 3). There was no appreciable antibody to any of the viruses In either

of the acute sera obtained on the fifth day of disease. In the convalescent sera from both cases high
titered antibody to dengue 1 was found. In one (W71-77), low level antibody was also found to dengue
type 3 and to Chikungunya. This patient received several units of plasma which may have contained

antibody to group A and B arboviruses and might have caused the serological findings.

in order to determine whether dengue specific IgM was produced in these patients as would be expected
in primary Infection, sucrose gradient ultracentrifugation was performed on convalescent sera (Table 4).
1gM antibody was found in the second through the fourth sucrose fraction (35-31% sucrose) of each serum

studied. Specific 1gM (reduced by 2 ME) was found against all four dengue types when tested by HI. In
074-77 and 91 the highest titers were found against dengue 1. In a convalescent serum from a case of
secondary dengue (identified by HI antibody titers > 1 t2048A), which was centrifuged simultaneously, IgM
antibody was again found in the second, third and fourth fraction. A low level of antibody activity was
also found in these fractions against all four dengue types but it could not be reduced by 2 ME indicating
that the antibody activity was possibly due to IgG contamination. In none of the sera tested In this manner
was any 2 ME reducible antibody to Chikungunya detected in the 1gM portion of the gradient. In the
convalescent serum from 074-77, low level antibody to Chikungunya was found in the IgG portion of the
gradient; this act!vity was not reduced by 2 ME.

Because of the association of shock in dengue with low complement levels, BIC/BIA concentrations were
determined on the acute and convalescent sera of all three patients. In all cases the B1C/B1A concentrations
were reduced to less than 50% of normal in the acute sera and in sera taken at the time of shock. The
concentration increased to the normal range during convalescence. BJC/BtA levels In five patients with
primary disease without shock were either in the normal range or only slightly depressed throughout the
course of the disease.

DISCUSSION: As in previous years SEATO Medical Research Laboratory has provided laboratory and

diagnostic support to the Children's Hospital of Bangkok in an attempt to delineate dengue Infection In
Bangkok. This year, through close clinical observation, shock was detected in three patients whose HI
antiboby titers Indicated a primary dengue Infection. Efforts to firmly establish the nature of these
Infections are presently underway.
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Table 1. Dengue Isolation by Direct and Delayed Plaque

Technique - 1974

Plaque Techniqueb

Patient Sourcet Secondary Identification

Direct Delayed Delayed

D74-16 Plasma 11 - D2

D74-33 Plasma 28 - - D3
Platelets 106 - -

D74-38 Plasma 16 - - D2

Platelets 15 - -

D74-44 Plasma 7 - D1

D74-61 Platelets 0 6 DI

D74-63 Plasma 0 22 D1
Platelets 2 - -

D74--66 Platelets 0 TNTCd -- D2

D74-74 Leukocytes 2 - - D2

D74-90 Plasma 0 72 - I

D74-95 Plasma 63 - - D1

D74-103 Plasma 121 - - D3

D74-104 Plasma 0 0 66 1

D74-112 Plasma 118 - - D1

D74-137 Plasma 0 17 1

D74-150 Plasma TNTC - D2

D74-151 Plasma TNTC - D3

a isolation from plasma was attempted In every case.

b - Direct, Delayed and Second delayed plaque techniques were used;

using 0.3 ml of plasma
c - Number of plaques counted.
d - TNTC = too numerous to count.
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Table 2. Hemagglutination inhibition Antibody Levels In Convalescent Sera from 107
Patients with Dengue Infection

Primary Secondary
Grade of Disease Infection Infection

Titer <1:640 Tirer ? 1:640

UC° 0 1 (0.9%)

UFb 5 (4.7%) 8 (7.4%)

I & ii 5 (4.7%) 50 (46.7%)

III 3 (2.8%) 29 (27.13)

IV 0 6 (5.6%)

TOTAL 13 (12.1%) 94 (87.8%)

a. UC indicates that the patient was unclassified.

b. UF indicates undifferentiated fever.

Table 3. Hemagglutination inhibition and Plaque Reduction Neutralization Tests

of Selected Dengue Hemorrhagic Fever Patients Seen in 1974

Reciprocal Hemagglutinatlon Reciprocal Plaque Reduction
SuDay of Inhibition Titer Neutralization TiterSStudy NumberJ

Disease DI D2 D3 D4 DI D2 D3 D4 Chitk

D74-77 5 <20 <20 <20 <20 <20 <20 <20 -40 <10
17 80 40 160 160 >1280 -40 -'--120 >40 -160
36 40 20 40 40 > 1280 --- 40 -- ,230 >40 -- 120

D74-91 5 40 <20 20 <20 <20 <20 <20 <20 ND
I 160 40 80 160 <20 <20 <20 <20 ND
67 160 80 80 160 500 <40 <40 <40 <10

D74-103 3 <20 <20 <20 <20 NC NC NC NC NC
7 <20 20 40 <20 NC NC NC NC NC

58 20 20 160 80 NC NC NC NC NC

ND = Not done

NC = Not complete
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Table 4. IVM Antibody Titratloss of Sara Taken from Selected
Dengue iemorrhogic Fever Patients Seen In 1974

Patient Day of Sucrose IgM* IgG* Reciprocal MI Antibody Titer

No. Disease Fraction mg o mg D1I.s D2 D3 D4
B** 2ME 8 2ME S 2ME B 2ME

D74-77 9 2 15 0 16 0 0 0 4 0 8 0
(1725) 3 24 0 32 0 4 0 16 0 6 0

4 >50 0 64 0 32 0 8 0 64 0
5 20 0 16 0 8 0 8 0 16 0

D74-91 6 2 20 0 32 0 0 0 8 0 4 0
(1993) 3 44 0 64 0 4 0 8 0 a 0

4 7 0 32 0 0 0 4 0 8 0
5 0 0 32 0 0 0 4 0 8 0

D74-103 7 2 11 0 0 0 0 0 0 0 0 0
(2112) 3 >50 C 0 0 0 0 32 4 0 0

4 14 0 0 0 0 0 8 0 0 0
5 0 4.5 0 0 0 0 0 0 0 0

D74-6 11 2 18 0 8 8 8 4 16 16 8 4
(1087) 3 35 0 16 16 16 8 32 32 16 16

4 12.5 0 64 32 16 16 64 64 32 32
5 0 8.5 256 512 128 256 256 512 256 256

* Concentrations of IgM and IgG as detected by radialimmunodiffusion

Sucrose gradient fractions pretreated with buffer
"Sucrose gradient fractions pretreated with 2 mercaptoethanol
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to the onset of shock.
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Srveil~ance of Denue Hemorrhagic Fever

Cases In Thailand, 1973 and 1974

Principal Investigators i Palratana Gunakas.m, M.D.,
Suchart Jatanasen, M.D. 2

William H. Bancroft, LTC, MC
Phinit Stmasathein, M.D.'
Chalam Chatrasri, B.Sc.,

Associate Investigator: Sltlpantu Chalyanunta, B.Sc.1

OBJECTIVE: The purpose of this study is to confirm the clinically diagnosed dengue hemorrhagic fever
(DHF) cases reported to the Ministry of Public Health by using a hemagglutlnation Inhibition (HI) serum
screening technique.

BACKGROUND: Dengue hemorrhagic fever remains a major infectious disease in every province and town
of Thailand, manifested by high mortality and morbidity in children under 14 years old. The social and
demographic features of Thailand make effective control of DHF a complex problem. This program Is a
long-range study to help In planning public health DHF control measures. An earlier report contains the
results obtained from a study of acute and convalescent blood of clinical DHF cases (1). This report
compares the results from the first two years of this surveillance program.

DESCRIPTION: In 1974, 70 provincial hospitals submitted acute and convalescent dried blood for testing
compared to only 60 provinces in 1973. The methods for blood collection on filter paper discs and HI
tests have been described (2).

PROGRESS: The localities of provinces and towns contributing to the study are shown in Figure 1. The
total number of cases tested in 1974 was 2850, a 130% increase over the 1236 cases of 1973. At the
same time, the total number of cases reported to the Ministry of Health was nearly the same for both

years. Ii appeared that in 1974 more communities participated in the program and many provinces
submit ed more specimens for testing.

Dengue Infections were confirmed for 491 patients in 1973 and 1042 In 1974, but the frequency of
confirmation fell from 40 u to 37 U since many more negative specimens were also obtained during the
second year (Table i). Specimens from 178 patients (13%u) were unsatisfactory for testing in 1973,
because of Insufficient blood, incomplete clinical information, unpaired blood specimens or laboratory
technical problems; these specimens were considered undetermined. In 1974, only 17 patients (0.6%u) fell
into the undetermined category. The striking decrease in the number of patients with undetermined results
also reflects improved operation of the surveillance system.

Figures 2 to 6 illustrate the frequency of positive dengue cases by region and month. Although cases of
dengue were confirmed for each month of 1974, the highest frequency of positive results was found
during the usual epidemic season of May to November. Even then, positive cases rarely represented half
of all of the cases tested. As seen In other reports, the epidemic period for the Central region was more
prolonged than for the other regions (1).

I Dept of Microbiology, Faculty of Public Health, Mahidol University.
2 Division of Epidemiology, Ministry of Public Health.
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The experience with testing encephalitis patients for JEV Infection was similar to that with testing DHF
patients. In 1974, more patients were submitted from all regions except the North (Table 2). The
overall frequency of JEV Infections was the same for both years, but the number of undetermined specimens
fell substantially.

DISCUSSION: The results of 1974 support the value of the surveillance system. During the 1974 dengue
season, the physicians in the provincial hospitals submitted more and better specimens from a greater
number of provinces than In 1973. This suggests an Increasing awareness of the system on the part of
referring physicians and a favorable reaction on their part.

REFERENCES:

1. Gunakasem, P., Jotanasen, S., Bancroft. W.H., at alt The SEATO Medical Research Laboratory Annual
Report, March 1974.

2. Top, F.H., Jr., Gunakasem. P., Chantrasri, C. and Supavadee, J., Serologic Diagnosis of Dengue
Haemorrhagic Fever Using Filter Paper Discs and One Dengue Antigen. SE Asian J. Trop Med and Pub.
Health 6018-24, 1975.
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Table 1. Results of HI Tests for Dengue Amtlbody-1973, 1974

No. Patients Dengue Positive Undetermined
Region 1973 1974 1973 1974

1973 1974 No. (m) No. (m) No. (m) No. (i%)

North 249 419 77 (31) 419 (44) 40 (16) 2 (0.5)

Northeast 125 945 62 (50) 945 (26) 9 (7) 3 (0.3)

Central 689 1132 288 (42) 1132 (41) 120 (17) 9 (0.1)

South 173 354 64 (37) 354 (41) 9 (5) 3 (0.8)

Total 1236 2850 491 (40) 2850 (37) 178 (14) 17 (0.6)

Table 2. Results of HI Tests for JEV Antibody-1973, 1974

No. Patients JEV Positive Undetermined
Region 1973 1974 1973 1974

1973 1974 No. (z) No. (m) No. (x) No. (w)

North 84 18 22 (26) 21 (26) 10 (12) 0 (0)

Northeast I1 79 3 (27) 13 (16) 1 (9) 0 (0)

Central 17 113 5 (29) 32 (28) 0 (0) 2 (1.8)

South 14 26 1 (7) 6 (23) 0 (0) 0 (0)

Total 126 299 31 (25) 72 (24) 11 (9) 2 (0.7)
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Dengue Virus Isolation from Human Plasma Inoculated Into Mosquitoes

Principal Investigatorsa William H. Bancroft, LTC, MC
Leon Rosen, M.D.1
Robert McNair Scott, MAJ, MC
Suwana Vithanomsat, 0.Sc.
Naowayubol Nutkumhang, B.Sc.
Nongnard Sohasakdlmontri, B.Sc.
Suchitra Nimmanitaya, M.D.2

OBJECTIVE: To compare the results of three techniques of dengue virus Isolation from human plasma.

BACKGROUND: An earlier report (1) showed preliminary Infection of Aedes aegypti mosquitoes with
dengue seed virus followed by incubation for 10 days yielded 1 to 3 logs more virus per pool of
mosquitoes than was inoculated. Pools of mosquitoes were ground and Inoculated Into LLC-MK2 tissue
culture for virus isolation and Identification by a standard plaque assay. The preliminary results suggested
this c*omblned mosquito inoculation/tissue culture (MI/TC) assay was more sensitive than tissue culture alone,
but Information was needed on the usefulness of this technique for the Isolation of dengue virus from
human blood.

DESCRIPTION: A collaborative prospective study was done to compare virus isolation results at SEATO
Medical Research Laboratory (SMRL) to those at the Pacific Research Section (PRS) of the National
Institute of Allergy and Infectious Diseases (NIAID) in Hawaii. Acute plasma samples collected as
part of the overall studies of dengue hemorrhagic fever (DHF) at Children's Hospital, Bangkok in 197A
were divided into three identical aliquots and numbered sequentially. Aliquots were frozen promptly
at-70°C and not thawed until virus isolation was attempted by s 1) standard plaque assay In LLC-MK2
tissue culture (TC) cells at SMRL, 2) Inoculation of pools of A. aegypti, Incubation for 10 days, then
standard plaque assay In LLC-MK2 cells at SMRL (MI/TC), and 3) sent to PRS for Isolation attempts by
inoculation Into A. albopictus followed by a plaque assay of Individual mosquitoes in LLC-MK2 ceils.
Virus isolates were identified at SMRL by plaque reduction neutralization tests (PRNT) using type specific
hyperimmune mouse ascitic fluid (HMAF). Only the isolates from the standard plaque assay have been
completed so far. Identification of isolates at PRS was accomplished by PRNT and complement fixation
(CF) using Inoculated mosquitoes as the CF antigen.

PROGRESS: There was a striking difference in the number of Isolates by the two laboratories. The SMRL
TC yielded 11 (14s) isolates from 76 patients compared to 28 (37%) at PRS by MIITC. Only three
SMRL Isolates were recovered from plasmas with dengue HI antibody titers of 1 1 40 or greater (Table 1 ).
On the other hand, fully half of the PRS isolates came from plasmas with HI antibody titers of 1 320 to
1:5120. The results suggest that one reason the MI/TC technique used at PRS recovered more virus
Isolates was that mosquitoes may be able to disassociate neutralizing antibody from infectious virus
particles in the plasma. SMRL did not obtain any isotates by TC that were missed by PRS. There was some
difference between the clinical diagnosis of the patients yielding virus isolates to either laboratory
(Table 2). Many more Isolates were obtained by PRS from patients with DHF grade 2 and 3 than SMRL;
patients in these categories generally had higher levels of antibody In the acute plasma samples.

A comparison of the results from MI/TC at SMRL can only be made for SB plasmas which were carried to
completion. Of the 58 plasmas, 6 (10m) were positive by TC, 14 (24%) by MIITC at SMRL and 18
(31 w) by MI/TC at PRS (Table 3). Five plasmas yielded Isolates by the SMRL MIITC only; their Identity
is still in doubt. One plasma was positive by SMRL TC and at PRS but negative by MI/TC at SMRL.
On the other hand, four plasmas yielded Isolates by both mosquito inoculation techniques. Same of the
differences in results are probably due to technical problems at SMRL that still need to be solved.

1 Pacific Research Section, National institute of Allergy and Infectious Diseases, Honolulu, Hawaii.

2 Children's Hospital Bangkok, Thailand.
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DISCUSSION AND SUMMARY: A collaborative study for the comparison of three techniques for dengue
virus Isolation was carried out with PRS/NIAID. Techniques using mosquitoes as amplifying hosts for

dengue replication prior to isolation of virus in LLC-MK2 cells yielded a greater number of Isolates than
a standard tissue culture plaque assay method. The greatest Improvement in isolation results was found
In plasmas containing dengue HI antibody at titers of 1 40 or higher. it Is presumed that inoculation of
plasma into mosquitoes permits dissociation of neutralizing antibody from some infectious virus particles.
The benefit of mosquito inoculation Is two-fold: I )the mosquito may strip off interfering antibody;
2) the mosquito allows small amounts of virus to multiply to levels that can be more easily detected in a
LLC-MK2 tissue culture system. The mosquito inoculation step will be Included in future attempts at dengue
virus isolation.

REFERENCES:

1. Bancroft, W.H., Vaithanomsat, S., Gould, D.J. and Scott, R.M. : SEATO Medical Research Laboratory
Annual Report, March 1974.

Table 1. Dengue HI Antibody Titers of Plasma Specimens
Yielding Virus isolates

No. of Virus Isolates
Dengue Antibody Titer a No. bTested SMRL PRS c

LLC-MK2  MI/LLC-MK2

<20 7 6 6

20 2 2 2

40 2 1

80 3 2

160 3 2 3

320 7 6

640 11 2

1280 7 1

2560 15 3

5120 11 1 2

10240 5

S20480 3

TOTAL 76 11 28

a Reciprocal plasma dilution

b Virus Isolates made at SEATO Medical Research Laboratory by direct inoculation of LLC-MK2 tissue
culture

c Virus Isolates made at the Pacific Research Section by inoculation of mosquitoes before attempting
virus isolation in LLC-MK2 tissue culture
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Table 2. Diagnosis of Patients Yielding
Virus Isolates

No. of Virus Isolates

Diagnosis I bPatients SMRL a ! PRSPLLC-MK 2  Mosquito/LLC-MK 2

Dengue Fever 5 2 3

DHF grade 1 6 2 3

grade 2 31 4 11

grade 3 23 1 7

grade 4 10 2 4

unspecified 1 0 0

Total dengue 76 11 28

Non-dengue 25 0 0

a Virus Isolates made at SEATO Medical Research Laboratory by direct inoculation of LLC-MK 2 tissue
culture

b vilrus Isolates made at the Pacific Research Section by inoculation of mosquitoes before attempting
virus isolation in LLC-MK 2 tissue culture

Table 3. Relative Number of Dengue Virus Isolates Obtained
from 56 Human Plasmas by Three Techniques

PRS SMRL SMRL No. Dengue

MI/TCa M/TC TC b Isolates

+ 0 + 1

+ + + 5

+ + 0 4

+ 0 0 8

0 + 0 0c

18 9 6 18

+ means test positive; 0 means test negative
a Mosquito Inoculation followed by tissue culture isolation technique

b Tissue culture only

c Five Isolates obtained only by SMRL MI/TC have not yet. been Identified

21



Rapid Defection of Dengue Virus Antigen aed Antibody
by Counterimmueoeloctrophoresis (CEP)

Principal Investigators# Vina Churdboonchart, M.Sc.1

Vale* Harlsdangkul, M.D., Ph.D.'
Notth Bhomarapravati, M.D., D.Sc.1

Associate Investigators& WlIIIdm H. Bancroft, LTC, MC
Robert McNair Scott, MAJ, MC

OBJECTIVE: To determine the ability of a CEP test to detect dengue antigen and antibody in human
serum.

BACKGROUND: Because the manifestations of dengue hemorrhagic fever (DHF) develop very rapidly, a
quick screening test for the detection of dengue antigen and antibody in patient serum would be
beneficial to physicians. The use of CEP for making a diagnosis of other viral infections led to an
attempt to apply the technique to dengue infections.

DESCRIPTION: A collaborative study was conducted in which sera from selected DHF patients in
Children's Hospital collected and tested by virus isolation and hemagglutination inhibition tests in the Dept
of Virology, SEATO Medical Research Laboratory (SMRL) were tested under code by CEP in the Dept of
Pathobiology, Mahldol University. The CEP technique has been described (1 ). Antibody was detected
using 20w suspensions of suckling mouse brain prepared at SMRL representing dengue types I to A and
Japanese encephalitis virus. Dengue antigen was detected by screening with hyperimmune mouse ascitic
fluid (dengue I and 4) and rabbit antisera (dengue 2 and 3). Few sera were tested with the anti-
dengue 3 sera. 0

PROGRESS: Two to four sera were tested from 10 different patients with dengue infections documented
by virus isolation (five cases), a four-fold rise in antibody (four cases) or a high fixed antibody titer
(one case). In every patient, the first serum specimen gave a positive reaction for antibody by CEP
with at least one dengue antigen, whether or not virus was isolated or antibody was detected by
hemagglutination inhibition. On the other hand, antigen was detected by a reaction with dengue antibody
in only three acute specimens; dengue virus was isolated from all three (Table 11). The results suggest
CEP may be able to detect dengue antigen in some viremlc patients but may not be specific enough for
the detection of dengue antibody.

I Department of Pathobiology, Faculty of Science, Mahidol University, Bangkok, Thailand.
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Table 1. Detection of Dengue Antigen In Viremic Human Serum

Patient Virus CEP Reaction with Type of Antibody

No. Isolate Dengue- I Dengue-2 Dengue-3 Dengue-4

73-9 D1 0 0 ND 0

73-17 D3 0 0 + 0

73-19 D3 0 0 ND 0

73-68 D2 0 0 ND +

73-41 D2 + + ND 0

D = Dengue
ND = Not done

REFERE! ICE:

1. Churdboonchart, V., Harisdangkul, V. and Bhamarapravati, N.: Countercurrent Immunoelectrophoresis
for Rapid Diagnosis of Dengue Haemorrhagic Fever. Lancet 2S841, 1974.
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The Pathogenesis of Dengue Hemorrhagic Fever. The Role of Biological
Mediatorsa Histamine and Serotonin

Principal Investlgatorst Robert McNair Scott, MAJ, MC
Suchitra Nimmanltaya, M.D.'
Philip K. Russell, COL, MC
Douglas R. Stutz, MAJ, MSC
Pethal Mansuwan, M.D.'
William H. Bancroft, LTC, MC

Associate Investigators: Panor SrIsongkram, B. Sc.
Nonglak Khananuraksa, B. Sc.

OBJECTIVE: A study of biological mediators of shock in dengue hemorrhagic fever.

BACKGROUND: Dengue hemorrhagic fever (DHF) differs from "normal" or "unmodified" dengue in the
development of hemorrhagic phenomenon (a positive tourniquet test), "hypotenslon", (a low blood pressure
and/or a narrowed pulse pressure), a decrease in plasma volume, (a rising hematocrit ) and thrombocytopenia
(a rapid drop in platelet count). The differences appear to be related to the formation of antigen antibody
complexes (1), and it has been suggested that this is related to an Individual experiencing a second
dengue infection (2). These changes have a rapid onset suggesting the involvement of short-lived
biochemical mediators.

At least two phenomena have been observed during the development of this Illness which may be the source
of these mediators. Observations suggest that there is activation of the complement system by antigen-
antibody complexes with liberation of pharmacologically active components C3A and C5A (3). These
low molecular weight polypeptides are potently vasooctive and their release leads to a marked increase

In vascular permeability (4). They may act directly on the vasculatur. or by liberating histamine, slow
reacting substance (SRS--A) and/or heparin from mast cells and white blood cells.

The other phenomenon is the decrease in platelets (5). Platelet counts often fall in a matter of hours
from a normal level of approximately 250,000/mm3 to as low as 11,000/mm 3. Platelets also return
rapidly to supra-normal levels during the recovery phase (6). As the half life of the platelet is only

two) to three days this suggests that there is acute lysis of many platelets with supra-normal replacement
from a hyperactive bone marrow. A similar but less marked phenomenon has also been noted with white
blood cells (5).

The reason for the acute decrease in platelets is not clearly understood and requires further study. The
lysis of platelets may lead to the sudden release of several potent vasoactive agents. Histamine, serotonin
and heparin are all found in platelets and could be released into the circulation.

C3A and C5A are labile polypeptides and can not yet be accurately measured (7). SRS-A which is
released from mast cells, has not been characterized and can only be measured Inaccurately by a biological

assay (8). Heparin is stored in both platelets and mast cells; it also Is difficult to measure in serum.

Serotonin is manufactured in fairly large amounts in the chromaffin cells of the gastrointestinal tract.

This vasoactive amine has a rapid turnover time. Most of the serotonin manufactured appears as

metabolites in the urine within 24 hours; however, a small amount of it Is taken up and stored in platelets

(9). In man no serotonin is found in mast cells (10). The major metabolite of serotonln, 5 Hydroxy.
Indolacetic /acid (5 HIAA), can be measured in the urine by colorometric analysis.

Children's Hospital, Bangkok, Thailand.
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Histamine Is a major storage product of mast cells with a small amount being stored in platelets (9).
In the past it could be measured only by biological assay but recently a sensitive radioenzymic assay has
been developed (11). The purpose of this study was to determine whether the excretion of histamine or
5 HIAA increased in the urine during the development or the course of DHF as compared to other
febrile diseases and normal controls.

DESCRIPTION: This study was an integral part of other dengue studies performed in collaboration with
the Children's Hospital of Bangkok during 1974. During the dengue epidemic season from 24 June to 26
August 1974 all patients admitted to the ward service with an admission diagnosis of DHF and appropriate
febrile and afebrile controls were accepted for study. Blood samples were taken daily in heparinized
syringes for the first five days in hospital and then approximately 15 and 30 days following hospitalization.
Plasma was submitted for virus isolation using a direct and delayed plaque technique previously described
and a mosquito isolation technique (see elsewhere this report). Plasma was also used for the detection
of antibodies to dengue types 1-4 and Japanese Encephalitis virus using a hemagglutination Inhibition (HI)
technique. Urines, collected over either 8 or 12 hour periods, were obtained from each patient in plastic
bottles and stored on wet ice. At the conclusion of the collection period these were divided into aliquots
in plastic containers using toluene as a preservative and frozen at -70*C. A white blood count,
differential count, platelet count and hematocrit were performed on each blood obtained. The clinical
status of each patient was assessed by a physician at least once every 12 hours and usually more often.
All clinical and laboratory details were recorded on a flow sheet, which was kept on each case.

Patients to be further studied for the presence of biological mediators were selected retrospectively after

all clinical and laboratory information was evaluated.

PROGRESS: During this two month period at the height of the dengue season only 64 patients with an
admis;ion diagnosis of DHF were collected. This, however, represented almost 50% of the dengue patients
collected through the entire year, as there was a low incidence of disease during 1974. Of these 64

patients, 11 or 189 did not have laboratory evidence of dengue virus infection, one patient was not
adequately followed and three patients died. From the three patients who died no convalescent sera was
obtained and therefore no judgement could be made on the patient's prior experience with dengue. Table 1
shows a breakdown on the clinical grading and type of convalescent antibody response seen in the 49
patients who were studied.

Of these patients five were selected who exhibited DHF grades I or 2 and five were selected who
exhibited DHF grades 3 or A. Three patients with bacterial infections and five non-infected children
were selected as controls. All urine samples collect on these children from the time of admission until
two days after the period of shock were submitted for biochemical analysis of creatinine, 5 HIAA and
histamine. The 5 HIAA and creatinine assays were done at SEATO Medical Research Laboratory. Urine
for histamine analysis was forwarded through Walter Reed Army Institute of Research to Dr. Michael
Beaven at the NIH in Bethesda, Maryland to be tested for histamine by radioonzymic assay. When all of
the assays are completed the data will be examined to determine whether the excretion of histamine or
serotonin breakdown products was related to the development or severity of DHF.

REFERENCES:

1. Russell, P.K. : "Immunopathologic Mechanisms in the Dengue Shock Syndrome," in Amos, B. (ed):

Progress in Immunology, New York, Academic Press, 1971, pp 831 -838.

2. Halstead, S.B. : Observations Related to Pathogenesis of Dengue Hemorrhagic Fever. VI. Hypothesis

and Discussion. Yale J. Biol. Med. 42:350-362, 1970.

3. Pathogenic Mechanisms In Dengue Hemorrhagic Fever: Report of an International Collaborative Study.

Bull. Wid. HIth. Org. 48: 117-133, 1973.
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11. Beaven, M.A., Jacobsen, S. and Horakova, A.: Modification of the Enzymic Isotopic Assay of
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Table 1. Clinical Grading and Type of Convalescent HI Antibody Responses
seen In 49 Dengue Patients Collected Between June 24 and August 26, 1974

Grade of Disease Primary Infection Secondary Infection
S< :640 > 1:640

UF* 1 3

1&2 5 22

3 2 12

4 4

TOTAL 8 41

* Undifferentiated fever
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Radlolmmune Assay Inhibition Tests for the Detection
of Antibody to Hepatitis I Surface Antigen

Principal Investigators- Robert McNair Scott, MAJ, MC
Jerome J. Karwacki, SP/5
William H. Bancroft, LTC, MC
Rapin Snltbhan, M.D.

Associate investigators: Chomduen Satavuthl, B.Sc.
Choompun Manomuth, 6.$c.

OBJECTIVE: To compare the radioimmune assay inhibition (RIAI) test for antibody to hepatitis I surface
antigen (anti-HiBs) using two radloilmmuno assay (RIA) techniques.

BACKGROUND: The RiAI for anti-HBs was developed in this laboratory using the Ausria I RIA kit
manufactured and sold by Abbott Laboratories (SEATO Medical Research Laboratory Annual Report
1973-1974). To the procedure for the Ausria I, an initial absorption step was added. The sera, whose
antibody content was to be determined, was used to absorb a standard amount of antigen. A change In
the technical aspect of this test was brought about by the discontinuation of production of the Ausria
I kit and its replacement by the manufacturer with a newly developed Ausria ii kit. This change in
material necessitated a series- of comparative tests to insure that the results of the RIAI based upon the
Ausria ii (RIAI,,) were comparable to those based upon the Ausria I (RIAI,).

DESCRIPTION: In February 1975 the Ausria I kit on which the RIAI, was based was withdrawn from the
market. A final order of Ausria I kits and an equal number of the replacement Ausria II kits were
provided by the manufacturer for cross testing and standardization. These kits were used to compare both
the RIA and the RIAI tests in our laboratory.

The major technical difference between the Ausria I and the Ausria II was a change In the antibody
carrier from a polystyrene tube to a polystyrene bead. The technique for the RIAI, was presented in last
year's annual report. The initial absorption technique for the Ausria il is briefly reported : the RIAI was
performed using a standard dilution of serum containing a known amount of antigen. Exactly 0.1 ml of
this antigen dilution was incubated with 0.1 ml of oach serum to be tested. After 11 hours incubation a
polystyrene bead was introduced into the well and submerged in the mixture. From this point the test
was performed using the directions for the Ausria II kit provided by the manufacturer and is essentially
the same as with the Ausria I.

Included in each test run were seven negative controls, testing a pool of human serum shown to have
neither iiBsAg or anti-HBs activity. The standard antigen dilution which was used as a maximum for the
RIAI, was also tested in seven replicates. The number of counts per minute (CPM) In each test was
determined using a gamma ray spectrometer.

The percent radloimmune assay Inhibition (% RIAI) was calculated using the following formulas

D-X
Sx 100 - • RIAI

D Is the mean of the CPM of the standard antigen dilution from which the mean of the negative controls
had been subtracted and X is the CMP of the serum-antigen mixture following a similar manipulation.

Data from the RIAI, and RIAI,, were compared on the basis of the percent RIA inhibition. Also, a positive
or negative score was assigned to each test using 50% inhibition as a cut-off point for differentiating
positives from negatives.

27



PROGRESS: In order to establish the appropriate dilution of antigen to use in the IIAI tests, 6i8#9e6
extinction curves using a sera containing HIsAI/adw were run using both RIA tests. The rsultVs were
found to be almost identical (Figure 1 ). Dilutions of I1a400 and 1.800 were selected as candidates for
the standardized antigen for use in the RIAI tests. These dilutions were selected because they showed
50-4 or less of the CPM of the highest counting antigen dilution and were located on the steepest part
of the antigen dilution curve. In this part of the curve, small changes In the concentration of antigen In
the substance tested should lead to large changes In the amount of i'2 5-labelled antibody complexed to
the antigen.

Dilutions of serum known to contain a high titer of anti-Hils (Serum PT) were tested by both tests using
dilutions of HBsAg/adw of I :400 and 1: 800. Figure 2 illustrates the percent RIAI of the dilutions of
antibody using a 1 :800 dilution of the HBsAg/adw antigen. Use of the 1:400 dilution of the HiBsAg/adw
antigen produced similar curves with both tests but the RIA was inhibited by lower antibody dilutions and
therefore was less sensitive. For this reason a 1:800 dilution of HlsAg/adw was chosen as the standard
antigen dilution for the RIAI with both the Ausria I and the Ausrio iI ktis.

A panel of 100 sera from a Thai population known to have a high prevalence of anti-NBs was tested by
RIAI using both techniques and the standard 1 1800 dilution of HBsAg/adw. Figure 3 Illustrates the
relationship between the percent RIAI on these 100 sera using the RIAI, versus the RIAI,,. The correlation
coefficient (r) of results obtained from these two techniques was 0.96. This very high correlation
indicates that the two tests are measuring the same variable. The proportion of common variance (r 2 )
was 0.93, indicating that 93so of the variation in one test is accounted for by the variation of the other test.

When the scores assigned to each test on the basis of the i0* cut-off point were examined, 45 of the
100 sera were positive by the RIAI,, and 38 of the 100 were positive by the RIAI, (Table I ). The
correlation coefficient (rphl) of the tests scored in this way, was only slightly lower than that derived
from the numerical data, again indicating the similarity of the two tests (Table 2).

The 100 sera were also tested by the passive hemagglutination test (PHA, Electronucleonics Inc.) and the
immunoelectroosmophoresis test (IEOP) (Table I ). The correlation coefficients (rphi) were also calculated
between these tests and both of the RIAI tests (Table 2). The low correlation coefficients between the
IEOP and other tests is indicative of the lack of sensitivity of the former as has been shown previously.
The PHA identified anti-HBs in 34 of 100 sera tested. All of these 34 sera were also positive by RIAI,,.
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Table 1. A Comparison of Four Tests for Anti--.Is
Results of 100 Uorn

Pattern of Sore positive
Test Positive Results for each test

RIAI

AUSRIA II X X X X X 45

AUSRIA I X X X 38

PHA xX X 34

IEOP X i1

Total sera

positive by 11 20 7 3 4

tests indicated

Table 2. Correlation Coefficient rph!

AUSRIA II vs AUSRIA I 0.67"

AUSRIA 11 vs PHA 0.79

AUSRIA I vs PftA 0.78

PHA vs IEOP 0.49

AUSRIA I vs IEOP 0.46

AUSRIA II vs IEOP 0.41

Where rphi BC - AD

V (A + 0) (C + D) (A + C) (B + D)

in order to Increase the confidence in the RIAI,, an additional 100 sra, taken from the some population,
were added to the original panel (Table 3). In this experiment the RIAI., Identified anti-HBs in 83 (41m)
of the 200 sera as compared to 69 (35x) Identified by the PHA. The differences seen here were due to
15 sera that were positive only by RIAI,, and one serum which was positive only by PHtA. The correlo.
tion coefficient (rphl) was larger than that found with the original panel of 100 sera indicating an
increased between-test reliability.
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Teble 3. A Ceeperison of Two Tests for Anti--Hs
Results of 200 Sere

Patte. of Sere positive
Test Positive

Results for each test

RIAl

AUSRIA II X X 13

PttA X X 69

Total sera positive
66 15 I

by tests indicated

DISCUSSION AND SUMMARY: The RIAI,, has been used by this laboratory for the past year to identify
anti--H8s In various populations. This test was shown to be slightly less sensitive than the PHA. The
introduction of the Ausria II test with the withdrawal of the Ausria I test from the market required the series
of comparative tests reported here. The RIAI,. proved to have an increased sensitivity over the RIAI,.
Furthermore, using this test instead of the RIAI,, there appeared to be fewer sere in which anti-HtBs was
identified by PHIA and not by RiAi. Proving increased sensitivity of the RiAI,, remains a problem, as
many of these positives cannot be confirmed by PfHA. Nonetheless, the RIAI, has now replaced the
RiAi, in this laboratory for the initial identification of sere containing anti-HBs.
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the Ausria 11 tests provided by Abbott Laboratories.

a ---- a Ausria I, ----. o Ausria It

31



100- -- Q ------

so

400
80

C , '

0 2 32 128 512

Reciprocal of dilution ( X l0e)

Figure 2. Rodioimmune assay inhibition curves on dilutions of a serum containing
a high titer of anti -MBs (PT, CF titer - 1: 64). The Ausrio I and Aus-
rio 11 kits were used wilh a standard antigen dilution of HBsAg/adw
of 1: 800.

•-....oAusria I, Ausrio 11

32



100-

so-

20- r • 0.96

80

0 io 4b 60 so 100

AUSIRIA I1% RIAI

Figure 3. Relationshi between the percent rolioimmune assay inhibition as shown by the RIAI Iand the RIAI0

33

... mmm mmmllNmai 10I



Anti-Hepatitis B Serum Production In Laboratory Animals

Principal Investigators: Rapin Snltbhan, M. D.
Wiloiam H. Bancroft, LTC, MC

Associate Investigators: Sumltda Narupiti, 8.3c.
Area Boriharnvanakett, M. T.

OBJECTIVE: To produce antisera to Hepatitis B surface antlijen (HBsAg) for use in the determination of
antigen subtypes.

BACKGROUND: This is a continuation of work which was previously reFoited (1). The detction of sub.
types ,f Hepatitis B surface antigen requires antisera containing specific antibodies to each subtype deter.
minant. Previously these antisera were prepared using rabbits, who were exsanguinated six weeks after
the initiation of the immunizatlon procedure (2). This method of preparation produced antisera with a high

titer against homologous antigen; however, because of impurities In the original immunogen, the antisera
were often contamintated with anti-human serum protein activity. This anti-human serum activity Interfered
with immunodiffusion (ID) tests (3) and required absorption with normal human sera. The present study
was designed to determine if subtype specific antisera free of anti-human serum activity could be produced
In rabbits by selecting the time of bleeding.

DESCRIPTION: Rabbits of 2. 5 to 4.0 Kg bodyweighf were used. Five milliliters of blood were taken
from the peripheral ear vein of each rabbit before Incubation and nearly every week post inoculation.
Anti-HBs activity as well as anti-human serum protein activity were tested by immunoelectroosmophoresis
(iEOP) and titered by complement fixation test (CF)., A cesium chloride purified fraction of HBsAg/adr

(EH-17) prepared by Electronucleonics, Inc., Bethesda, Maryland was emulsified with an equal volume of
Freund's complete adjuvant (2). Four rabbits free from anti--HBs activity were inoculated with 0.25 ml
of antigen-adjuvant emulsion, Intradermally, Into each of four sites on the thighs and back. An identical
dose of the same antigen was given four weeks later. Anti-HBs and anti-human serum protein activities
were studied once a week from two to ten weeks.

All blood was tested for anti-HBs and anti-human serum protein activities by IEOP and CF. The titer
of these antibodies was determined by CF and the specificity of the antisera was Identified by ID.

PROGRESS: Four rabbits were immunized with HBsAg/adr (EH-17). Of these four, one died of unknown

cause four weeks after immunization.

In the remaining three, antibodies to HBsAg/adr with CF titers of 1 :2 to 1:16 had appeared by the first

bleed, two weeks after Immunization (Table 1 and Figure I). CF titers of antibodies increased slowly

reaching 1 :18 to 1: 32 by the fourth week just prior to receiving the booster dose of Immunizing antigen.

Antisera reached its maximum titer of 1:64 to 1:128 by five weeks, one week after the booster dose.

After the fifth week the titer remained stable until the rabbits were exsanguinated at 8-9 weeks.

The specificity of individual rabbit sara were determined by the ID test. Two rabbit sera (R 26 and R 28)
formed definite precipitin lines with reference antigens, but only specific d spurs were observed (Table 1
and Figure 2) suggesting they contained only ad subtype specific determinant antibodies. Another rabbit
serum (R29) gave specific reactions with the reference antigens, with both d and r spurs, suggesting it
contained subtype specific a, d and r antibodies.

Antibody to normal human serum protein was observed only transiently and at low titer (Table I alld
Figure I ). The Interference of anti-human serum protein disappeared in the ID test at 7 to 8 weeks post-
inoculation. Anticomplementary activity of all three rabbit antlser-3 was minimal and did not interfere with
the Interpretation of the tests.
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DISCUSSION: The method of immunization with HBsAg/adr In rabbits proved to be satisfactory for the
production of subtype specific antisera in one (R29) out of three rabbits. in the other two, (R27 and
R28) a strong d spur was produced but no easily discernible reaction with the r antigen was observed.
In R29, anti-human serum activity In ID tests disappeared by the seventh week. This allowed the use of
antiserum from this rabbit in the ID test without preabsorption with normal human serum.

REFERENCES:

1. Snitbhan, R. and Bancroft. W.H.s SEATO Medical Research Laboratory Annual Report, March 1974.

2. Bancroft, W.H., Mundon, F.H. and Russell, P.K.t Detection of Additional Determinants of Hepatitis B
Antigen. J. Immunol. 109:842, 1972.

3. Oichterlony, 0.: Diffusion-in-gel Methods for Immunological Analysis. Progr. Allerg. 5s1958.
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Figure 2. Patterns of immunodiffusion reactions observed
with reference HBsAg. In each pattern, reference
HBsAg/ayw were placed in the top and right upper
wells, HBsAg/adr in right lower and bottom wells
and HBsAg/adw in left upper and left lower wells.
The central wells contain : (a) R. 26 anti-adr,
(b) R. 28 onti-odr, and (c) R. 29 anti-adr rabbit
sera.

37



Table 1. Production of Ant-I-l~sAgl/dr In Rabbits

Anti.HiSs Anti normal human protein
Time After I

Rabbit No. i CF CF
Immunization d r IEOP ImmunodTffusion i IEOPI Titer Titer

Spur Spur _

R 26 Pre.Immunization ND* ND - DN ND - ND

2 weeks - _ + 1:2 - <1:2

3weeks ND ND + 1:4 ND <<1:2

4weeks ND ND + 1 :8 ND <1 :2

5 weeks + - + 1:64 1:2

6 weeks + - + 1:32 + <1:2
7 weeks + - + 1:32 +i <1 :2

R 28 Pre.immunizalion ND ND -- ND ND -

2 weeks - - + I 18 - <1:2

3 weeks ND ND + 1:6 ND <1:2

A weeks ND ND + 1:16 ND 1<1 :2

5 weeks + - + i 1028 + 1:2
6weeks + - + I:64 + 1:4

7weeks + - + 1t64 + 1 :4
8weeks + - + 1:64 1:- 2
9 weeks + - + 1:64 - s 2

R 29 Pre-Immunization - ND ND - ND

2 weeks - - + 1:16 - I <12

3 weeks ND ND + 1 :16 ND <1:2
4 weeks ND ND + 1:32 ND <1 2

5 weeks + + + 1: 128 + 1: 2
6 weeks + + + 1:128 + 1: 4

7 weeks + + + 1 :128 < <1t2
8 weeks + + + 1:128 <1 :' 2
9 weeks + + + I:L2 8  _ <1:2

Note: ND*= Not done
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Hepatitis I Virus Infections In Americans
In Southeast Asia

Principal Investlgatorsi Robert McNair Scott, MAJ, MC
Robert J. Schneider, CPT, MSC

Associate Investigators: Michael W. Benenson, MAJ, MC
Rapin Snitbhan, M.D.
William H. Bancroft, LTC, MC

Jerome J. Karwacki, 3P5

OBJECTIVE: To determine the epidemiology of hepatitis in American military personnel exposed to
populations with endemic hepatitis and a high prevolence of HBsAg carriers.

BACKGROUND: Until recently only historical evidence was available to document Infection with agents
causing viral hepatitis. in the past 10 years, however, investigations of hepatitis B, initially stimulated by
the discovery of hepatitis B surface antigen, have provided serological evidence of infections with
hepatitis B virus in a number of populations. In tropical Southeast Asia studies af the SEATO Medical
Research Laboratory have documented serological evidence of prior HBV infection In up to 75ts of
Bangkok residents and a carrier prevalence of HBs.Ag of approximately 9% (1). In recent years a large
number of Americans, largely military personnel, have been stationed In Southeast Asia. These Americans
came from an area in which liBsAg is found in only 0.1 to 1.0m• of the population and evidence of prior
HBV Infection in only 5 to 20% (2, 3).

A study of Americans entering and leaving the Republic of Vietnam in 1970 showed that troops arriving
for an initial tour and those leaving after approximately one year had had equal experience with hepatitis
B virus (Table 1 ). Troops arriving in Vietnam for a subsequent tour, however, had significantly greater
experienc, with hepatitis B virus. The data suggested that previous experience in Vietnam was related to
a greater experience with hepatitis B virus. This study was designed to determire the environmental and
host factors which lead to the development of clinical and subclinical hepatitis among American troops In
Southeast Asia.

DESCRIPTION: A description of the design of this study appeared in the SEATO Medical Research
Laboratory Annual Report 1973-1974. Briefly the population studied was drawn from servicemen aged
18-25 years in grades EI-E5 entering either the United States Army Support Group, Thailand or the
United States Air Force 635th Combat Support Group. Shortly after arrival in Thailand a questionnaire

was administered to these men to determine, among other things, their previous duty station, previous
tropical experience and their prior experience with hepatitis. During the ensuing year these men were
Interviewed three times at approximately four month Intervals. The Interviews contained questions of
social behavior and medical experience. Serum samples were collected at the time of each interview and

were submitted for detection of hepatitis B surface antigen (14BsAg) by complement fixation (CF),

immunoelectrophoresis (lEOP) and radiolmmune assay (RIA). Antibodies against hepatitis B surface antigen
(anti-His) were detected by a radloimmune assay inhibition (RIAI) and confirmed and titered by a

passive hemagglutination test (PHA). Methods for these assays have appeared elsewhere (SEATO Medical

Research Laboratory Annual Reports 1971-1972, 1972-1973 and 1973-1974).

PROGRESS: Subjects were enrolled in this study between April and December 1972. Initial questionnaires
were completed in December 1972. The first of three follow-up interviews was completed in April 1973,
the second in August 1973 and the third in December 1973. The three follow-up interviews and bleeds

were divided according to timing into groups. The time of the first interview fell between 12 and 24

weeks (3 and 6 months), the second between 24 and 38 weeks (6-9.5 months) and the last between 39

and 65 weeks (9.5-16 months). Individuals whose interviews fell outside of these time periods were

excluded from the study. With these stipulations, there were 418 individuals who completed the
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Initial questionnaire and from whom blood was obtained. Of these, 385 (92 s) were seen at the first
follow-up, 317 (76N) at the second and 326 (78m) at the third. Two hundred and seventy-ose people
(61%) were completely followed with all three interviews and bleeds. Table 2 shows the prevalence of
past experience with hepatitis B virus at each bleed and the incidence of infection for the period of time
from the first bleed. Table 3 shows similar data for 271 people who were completely followed with all
three interviews and four bleeds.

Table 1. Evidence of Hepatitis B Virus Infection in American
Military Personnel in the Republic of Vietnam

Military Personnel HBsAg Anti-HBs

Inprocessing

Initial tour 0.39* (4/1004) 3.50z (7/200)

Subsequent tour 2.42z (7/289) 11.286 (22/195)

Outprocessing 0.460% (5/1072) 3.1 % (6/189)

TOTAL 0.68% (16/2365) 6.0.i (35/584)

Table 2. Experience* with Hepatiltis B Virus In American
Enlisted Men at Three Month Intervals
Throughout One Year's Tour in Thailand

Bleed 1st 2nd 3rd J 4th

Weeks in country 0 13-25 26-39 40-65

Total number studied 418 385 316 326

Persistent evidence - 16 (4.2%) 15 (4.8%) 14 (4.3%)

Incidence - 8 (2.0%) 12 (3.7%) 17 (5.2%)

Prevalence 18 (4.3%) 24 (6.2%) 27 (8.59) 31 (9.5%)

* Experience is determined by presence of HBsAg or anti-HBl.
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Table 3. Experience with Hepatitis 1 Virus In 271 American
Enlisted Men Completely Followed Throughout
One Year's Tour in Thailand

Bleed lst 2nd j 3rd 4th

Weeks in country 0 13-25 26-39 40-65

Persistent evidence - 13 (4.7%) 13 (4.7%) 13 (4.7.)

incidence - 7 (2.5%) 12 (4.4;) 16 (5.9%)

Prevalence 13 (4.7%) 20 (7.3%) 25 (9.2s) 29 (10.7s)

Three hundred and twenty-six Individuals were followed with at least a first and a fourth bleed. At the
risk of falsely inflating the prevalence and Incidence of hepatitis B infection, six additional Individuals
were added. These six men were followed with at least two bleeds; three had evidence of prior HBV
infection on the first bleed and three developed antibcdy during the study. Table 4 illustrates the number
of HBV infections recorded in these 332 men over the one year period.

Table 4. Hepatitis B Infections Recorded In 332 American
Enlisted Men Followed Through One Year's
Tour of Duty in Thailand

Follow--up Blood Sample

HBV Serology ....
1 st 2nd 3rd 4th Total

HB$Ag positive 2 (0.6%) 1 (0.3%) 3 (0.9%) 4 (1.2%) 10 (3.03)

Anti.HBs positive 16 (4.8%) 7 (2.1%) 5 (1.5%) 5 (1.5%) 33 (9.9+)

Total HBV
Experience 18 (5.43) 8 (2.4%) 7'(2.1%) 8'(2.4%) Al (12.3,)(HBsAg +t Anti . HBs)IIILI

* Two persons who developed antigen followed by antibody are courted only once In the total HBV
experience.

Six clinical cases of hepatitIs were diagnosed in these 332 men during the periods between bleeds
(Table 5). There were four individuals in whom clinical hepatitis was associated with HBV. No HBsAg
was identified in one of these but anti-HBs developed In the convalescent period by the time of the
second bleed. In the second case, HBsAg was detected in the second blood specimen at the time of
clinical disease and anti-1-B5 was found in the third. The two remaining cases were diagnosed in the third
period; in both of them HBsAg was detected in the fourth blood sample. No further follow-up samples
were obtained from either of them. There were two cases of hepatitis diagnosed with no detectable
evidence of HBV Infection. These are listed as HBV non-associated hepatitis; however, these individuals
may have had HBV Infections which might have been detected by more sensitive tests.
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in this group of 332 men, HBV associated hepatitis was diagnosed in four of them. Serological evidence
of Inapparent infection was documented In an additional 19 men. The Incidence of H8V Infection over the
one year period was 23/332 or 6.9am and the apparent to Inapparent infection ratio was 4:19.

In analysing those figures, those men who were entering a tropical area for the first time were compared
to those who had prior experience in the tropics. Tables 6 and 7 document the differences seen in these
two groups.

Table 5. Clinical Hepatitis Infections Recorded in 332 American
Enlisted Men Followed Through One Year's Tour

of Duty in Thailand

Four Month Interval
Type of Hepatitis

1 2 3 Total

HBV Associated 1 1 2 A

HBV Non-associated 1 1 2

Total Clinical Hepatitis 2 2 2 6

Theta data have been coded for computer analysis. Cross tabulations of hepatitis experience with
variables, such as drug use, mixing with the indigenous population and sexual experience will be computed

to determine if hepatitis In these troops is associated with any identifiable behavioral pattern.

DISCUSSION: In a group of 332 young American military personnel followed In Thailand, clinically

recognizable hepatitis occurred In six (18/1000) over a one year period. Of these six, four (12/1000)

had detectable serological evidence of association with htpatitis B surface antigen, the remaining

two did not. Screening of these men for the development of HBsAg or anti-HBs revealed an

additional 19 who had inapparent hepatitis B infection. Thus for HBV infeclions the apparent: Inapparent
ratio was as high as 4:19 or nearly 1: 5. In other words, 82% of all HBV infections were asymptomatic.

The men in this study demonstrated a direct relationship between previous tropical experience and prior

HBV infection as was found in the earlier study in Vietnam. In men without serological evidence of prior
HBY Infection, however, the incidence of now Infection during the current study period was the same,

whether or not they had previous tropical experience.

Information on the association of hepatitis B virus Infection with social and physical behavior has not yet
been analyzed. It is possible that routes of transmission of hepatitis B virus between indigenous
populations and United States military personnel may be demonstrated and ways of preventing this
Infection may be suggested.
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Table 6. Prevalence of Demonstrable Experience with Hepatitis 8
Virus on Entering Thailands A Comparison of Those With

and Without Prior Experience in a High Prevalence Area

Pri or Number Total HiV
Experience of Men slsAg Anti.Hs Experience

Yes 119 2a (1.6%) 11 (10.1%) 13 (10.9s)

No 213 0 (0.0%) 5 (2.3k) 5 (2.3%)

Total Population 332 2 (0.6m) 16 (4.8%) 18 (5.40)

a. One man had HBsAg with a complement fixing titer of 1: 64 and carried it
throughout his stay in Thailand. The carrier rate = 0.3mu

Table 7. Incidence of H8V Infection During a One Year Tour in
Thailand, A Comparison of Those With and

Without Prior Experience In a High
Prevalence Area

Prior Number of Men Total HBV
Experience Susceptible HBsAg Anti-li~s Experience

Yes 105 1 (1.0%) 7 (6.6%) 8 (7.6%)

No 208 5 (2.4%) 10 (4.8%) 15 (7.2%)

Total Population 313 6 (2.03) 17 (5.4%) 23 (7.3%)

REFERENCES :

1. Grossman, R.A., Benenson, M.W., Scott, R.M., Snitbhan, R., Top, F.H., Jr., and Pantuwatana, S.,
Epidemiologic Study of Hepatitis B Virus in Bangkok, Thailand. Am. J. Epidemiol. 101 :144-159, 1975.

2. Lander, J.J., Holland, P.V., Alter, H.J., of als Antibody to HepatitIs-Associated Antigen. Frequency
and Pattern of Response as Datected by Radioimmunoprecipitation. JAMA 220:1079-1082, 1972.

3. Cherubin, C.E.: Purcell, R.N., Lander, J.J., et al: Acquisition of Antibody to Hepatitis B Antigen in
Three Socioeconomically Different Medical Populations. Lancet 2:149-151, 1972.
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Coatlellg Stwllos of HepottlIs A ASttlgem Carrles Is Tlolla.d

Principal Investigatorst Rapln Snltbkam, M.D.
William H. Bancroft, LTC, MC
Robert McNair Scott, MAJ, MC
Dumrong Chlewsilp, MAJ, RTA

Associate Investigators: Choompun Manomuth, B. Sc.
Sumltda Narupiti, B. Sc.
Jerome J. Karwackl, Jr., SP/5

OBJECTIVE: To compare the age specific point prevalonces of hepatitis B surface antigen (HBsAg) carriers

and the HBsAg subtype distributions In carriers In different parts of Thailand.

BACKGROUND: The presence of HBsAg or antibody to HBsAg (anti-Hiis) serves as evidence of prior

exposure of hepatitis B virus (HBV). Differences in geographical and environmental status may play an
important role in the frequency of HBsAg carriers and in the distribution of antigen subtypes. This study

reports the frequency af HBsAg carriers found in various parts of Thailand.

DESCRIPTION : HBsAg carriers were identified using the IEOP test previoudy described. The method for

determining subtypes by the immunodiffusion technique using standard reference antigens and hyperimmune

rabbit antisera has also been previously described (SMRL Annual Report 1970-1971). The following well

defined populations were sampled and tested :

(a) Thai residents of Khao Yai National Park (KYNP) in northeastern Thailand (1),

(b) Randomly selected Thai residents of an urban housing development in Bangkok (2), and

(c) Thai residents of the village of San Kampang, in a semi-rural area of Chienamnai province in northern

Thailand (3).

PROGRESS: Residents of KYNP included the families of employees of three different agencies working in

the park: The Forestry Department, the Highway Department and the Tourist Organization of Thailand

(TOT). More than 80% of the estimated total population of the park were sampled and the prevalence
of HBsAg carriers was 9.3%. HBsAg was found in 10.6s of ponple associated with the Forestry Department,
9.1% in those asso:lated with the TOT and In only 5.3% of the psople associated with the Highway

Department.

The prevalence of HBsAg in males was higher than that In females for every age group. The d;fferenco
in carrier frequencies between moles and females was statistically significant for the total papulation

(P < .001). The prevalence of HBsAg was greatest in children between ages of 10 and 15 years; it fell

in older age groups. Of 223 people with multiple blood samples, three acquired HBsAg between September

1973 and September 1974; the Incidence of antigen acquisition was 13.5/i000/year.

Comparison of the above results with the prevalence of HBsAg carriers in the urban Bangkok housing

development (Table 2) revealed that the frequencies of HBsAg carriers were not significantly different in

the two populations. However, In this urban group, there was no significant sex differences in the carrier
frequencies of HBsAg (0.157> p > 0.317). Children of five to nine years had a slightly higher frequenty

of antigenomia than other age groups with the exception of the small group of people over 60 ye4rs

of age.
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In a village poptAation drawn from northern Thailand, the prevalence of HBsAg was 8,6% (Table 3). This
was not significantly different from those found in the populations described above. None of the 51 sera
collected from females was found to contain HBsAg, but It was found in 15% of those collected from
males. The significantly higher prevalence of HBsAg carriers among mo!es than females was similar to that
seen In KYNP (0.008 > p > 0.014). Soan Kampong was one of four villages studied in northern Thailand.
In the other three, th3-e was no appreciable prevwisnce of lBH5Ag. If all four villages were taken together,
the prevalence of HBsAg fell from 8.6 to 2.95.

Subtyping of HBsAg in carriers was studied in 33 residents of KYNP, 48 of Bangkok and 10 of San
Kampong (Table 4). Antigens of adr subtype were present in 86% of the Bangkok carriers, 90b of KYNP
carriers and 100is of these in the northern Thai village. The findings suggest that within Thailand, there
may be differences in the relative frequency of HB5Ag subtypes from place to place.

Several recent studies havy shown that subtypes are consistent within families; however, this information
was obtained in the temperate zone where antigen carriers are rare and contact by family members with
antigens other than those carried la the family would be unlikely. In KYNP, different subtypes of antigen
were present in close proximity. Five conlugol families were studied in which the antigen carried by at least
two positive individuals could be subtyped, in four farrilles only the adr subtype was identified and only
the odw subtype was found In the other family. Only one subtype was found in any one family. Within
the urban Bangkok population, the distribution of subtype again fit into family patterns. In four conjugal
families with two to seven H~sAg positive members, only the adr subtype could be detected; in two other
families with two and four HtsAg positive members, respectively, only the adw subtype was found. Again
in no family was more than one subtype identified (4).

Table 1. Age Specific Prevalence of H8sAg in Residents of Khao Yal National Park
(September 1973 - September 1974)

Age Male Female Total

(Years) No- 1HBs Ag h No. HiBs Ag No. HBsAg
Tested No. (A) tested No. ( ) Tested No. (%)

0-4 27 1 (3.7) 35 0 (0.0) 62 1 (1.6)

5-9 27 3 (11.1) 26 0 (0.0) 53 3 (5.7)

10-14 14 5 (35.7) 13 0 (0.0) 27 5 (18.5)

15-19 36 3 (6.3) 18 0 (0.0) 54 3 (5.6)

20-29 130 20 (15.4) 57 3 (5.3) 187 24 (12.8)

30-39 60 7 (11.7) 18 1 (5.6) 78 8 (10.3)

40-59 27 3 ( 11.1) 6 0 (0.0) 35 3 (8.6)

60+ 1 0 (0.0) 0 0 (0.0) 1 0 (0.0)

Total j 322 42 (13.0) 175 4 (2.3) 497 46 (9.3)

HBsAg Acquisition Rate 3/223/year = 13.5/1000/year
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Table 2. Age Specific Prevalence of NIsAg* In Residents
of Huoy Kbwang, Bangkok (July 1971)

Age Male I Female TOTAL
Age''

No. Prevalence No. Prevalence No. Prevalence
(years)

tested No. w tested No. x tested No. x

1-4 35 I (2.8) 31 2 (6.4) 66 3 (4.5)

5-9 54 5 (9.2) 56 7 (12.5) 110 12 (10.9)

10-14 61 8 (13.1) 66 2 (3.0) 127 10 (7.9)

15-19 39 6 (15.4) 54 3 (5.6) 93 9 (9.7)

20-29 38 5 (13.2) 71 4 (5.6) 109 9 (8.2)

30-39 27 0 (0.0) 53 4 (7.5) 80 4 (5.0)

40-59 37 2 (5.4) 56 3 (5.4) 93 5 (5.4)

60+ 6 2 (33.3) 13 3 (23.1) 19 5 (26.3)

TOTAL 297 29 (9.8) 400 28 (7.0) 697 57 (8.2)

Combined results from IEOP and rodiolmmunoassay(RIA) tests.

Table 3. Age Specific Prevalence of HBsAg in San Kampang
(November 1969 )

Age Male Female Total

(Years No' HBsAg+ No. HlBsAg+ No. tiBsAg ÷Tested No. (%) Tested No. (w) Tested No. (wn)

0-4 3 1 (33.3) 8 0 (0.0) 11 1 (9.1)

5-9 15 4 (20.6) 9 0 (0.0) 24 4 (16.7)

10-14 21 2 (9.5) 15 0 (0.0) 36 2 (5.9)
15-19

30-39) 153 (20.0) 11 0 (0.0) 26 3 (11.6)

40-59
11 0 (0.0) 8 0 (0.0) 19 0 (0.0)

60÷

Total 65 10 (15.4) 51 0 (0.0) 116 10 (8.6]
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DISCUSSION: Comparison of the three populations revealed no significant differences in the frequency of
ilBsAg carriers, suggesting a similar rote of exposure to HBV occurred in these three groups. It was
Interesting to note, however, the marked local differences in the antigen frequency among the villages of
northern Thailand. On the one hand, the number of persons studied were small and therefore the
phenomena may represent a sampling error. On the other hand, these differences may be due to local
environmental and social factors. The high prevalence of HBsAg carriers among all Ihree groups support
the finding of high carrier prevalences In the tropics. The striking difference noted in the HisAg carrier
prevalence among the rural males and females might be explained by two hypotheses. First the male,
through his soclilly defined role, may have an Ilcreased exposure to sources of Infection. This has been
suggested by the data of Grossman et ol (2) who showed increased anti-HBs prevalences among young
urban males. The distribution of anti-HBs In rural populations remains to be seen. Second, males may
be more susceptible than females to the development of the carrier state. This Interesting hypothesis could
not be evaluated in this study.

The subtype distribution in carriers suggests that local differences in virus subtypes exist within areas of
Thailand. Further, the localization of antigen subtypes within family units implies an even smaller unit
of HBV transmission.

Table 4. HBsAg Subtypes In Thais

HBsAg Subtypes
Population adr adw

W R;

Urban Bangkok 86 14

Khao Yal Notional Park 90 10

Northern Thailand 100 0

REFERENCES:

1. Bancroft, W.H., et al: SEATO Midical Research Laboratory Annual Report, March, 1974.

2. Grossman, R. A., et ao: An Epidemiologic Study of Hepatitis B Virus in Bangkok, Thailand, Am. J.
Epid. 101 :144-159.

3. Nisaolk, A., et al: SEATO Medical Research Laboratory Annual Report, March, 1970.

4. Snitbhan, R., et aOl Subtypes of Hepatitis B Antigen in Southeast Asia. J. Infect. Dis. (In press).
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The Effect on the Offspring of Maternal
Hepatitis 5 Surface Anttgenemla

Principal Investigators: Robert McNair Scott, MAJ, MC
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Associate Investigators Karoon Mansuwan, M.D. 2

Pethal Mansuwon, M.D.'
Rapin Snitbhon, M.D.
Vandee Ningsanonda, M.D.'

OBJECTIVE: To study the effect on the offspring of chronic hepatitis B antigenemia in the mother.

BACKGROUND: Clinical hepatitis B developing during the latter port of pregnancy has been associated
with an Increased perinatal mortality, a high Incidence of premature delivery and a high frequency of
virus transmission from mother to Infant (1). Information oi the effect of asymptomatic maternal

hepatitis B antigenemia is conflicting. It has been suggested that the incidence of prematurity and

perinatal mortality is also increased in Infants born of these mothers (2). Transmission of virus from

antigenemic mothers to their Infants appears to be an uncommon event in mother infant pairs studied In the

West (3, 4). However, a strong association between antigenemia in mothers and their children has been

shown in cross sectional population studies In the For East (5, 6). This study was designed to Investigate

the effect of maternal antlgenemla on pregnancy and the offspring in a population with a high prevalence
of antigen carriers.

DESCRIPTION: This study was divided into two phases. A description of the initial phase may be found
in the SEATO Medical Research Laboratory Annual Progress Report, March 1974.

Population: Antigen positive mothers and their families were sought for follow-up 1 '-2 1 years after

Initial collection in the delivery room. Temporal controls were matched to each family that could be

located. Temporal controls were members of families of women who were collected in the delivery room

and whose delivery dates were as close as possible to those of the antigen positive mothers. Each control
mother was delivered within two days of an antigen positive mother. Interim family histories were obtained
on all families studied and these included the duration of breast feeding, the medical and dental history

of the child and the person who cares for the child most of the time. Family relationships were determined
and other members of the family living in the household were sought. Each infant was examined by a
physician and height and weight measurements were recorded.

Sera were collected on antigen positive and control mothers, their infants, and as many family members
as could be found. Saliva was also collected from all mothers.

Laboratory Studies: Sera were submitted for determinations of transaminase and billrubin concentrations.
They were tested for hepatitis B antigen by radlolmmune assay (Abbott Laboratories, Ausria 1),

counterelectrophoresis and complement fixation. A radiolmmune assay Inhibition technique was used to
screen for antibody against HBsAg and positives were titrated and confirmed by a passive hemagglutina
tion test (PHA, Electronucleonics).

1 Children's Hospital, Bangkok, Thailand
2 Women's Hospital, Bangkok, Thailand
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PROGRESS: As reported in the SEATO Medical Research Laboratory Annual Report 1973-1974, of 1,625
mothers screened in the delivery room at Women's Hospital, 93 or 5.7* were found to be positive.
Of the 93, 47 ware located, 30 were not located and 16 lived outside of Bangkok.

Ninety-four families were followed, 47 with antigen positive mothers and 47 temporal controls. There
were no significant differences between the antigen positive family and the temporal control found in
family variables such as household size and income. Five families of antigen positive mothers who resided
outside of Bangkok, returned to the city for follow-up. If these five were discounted, then the distribu.
tion within the city of the families of antigen positive mothers and controls was similar. Maternal factors
such as age, parity, history of past abortion, Infant mortality and transaminase levels also showed no
significant differences. Further, there were ro significant differences seen in the weight, length or
transaminase levels of the infant at birth, nor in the number of infants born prematurely or the infant
mortality rate over the first year of life. in the 94 families followed, five Infants had died. Two deaths
were recorded within the control families and the other three in families of antigen positive mothers.
Three of these deaths occurred at or shortly after delivery. Two were related to complications of
delivery and one to prematurity. Two children died during the first year of life. One child of an
antigen positive mother died at four months of age during an episode of diarrhea for which no medical
aid was sought. A child of a control mother died of pneumonia at six months of age.

Table 1. Experience with Hepatitis B Virus 18-30 Months After Birth

Offspring

Mother No. Evidence of Infection

Tested HBsAg j Anti-HB, Total

HBsAg Positive 44 13 (30%) 3 (7%) 16 (37%)

HBsAg Negative 45 0 (0%) 1 (2%) 1 (2%)

Table 2. Maternal Antigen Titer and the Percent of Positive Offspring

Mothers Offspring

HBsAg Positive

CF Titer No. Tested
No.

51 : 16 60 0/60 0

1 : 32 7 1/7 14

1 • 64 12 5/12 42

> 1 : 128 10 7/10 70

Total 89 13/89 14
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All mothers who were antigen positive at delivery were still positive at the time of follow-up I I to 21

years later. in general the complement fixation titers of these mothers were within four-fold of the titer
found at delivery. None of the temporal control mothers or their infants had developed antigen; however,

13 of 44 (29,5 *) of surviving infants of antigen positive mothers were found to be positive (Table I).

Despite what would appear to be abundant hepatitis B virus exposure in infants of HBsAg positive

mothers, the incidence of antibody conversion in this group was low (Table 1). There were no significant

differences in the incidence of antibody conversion in infants with positive mothers and in those of

control mothers; however, there were three times as irony converts in the antigen positive group and the

lack of significance might reflect only the seal! number of infants examined.

There appeared to be a direct relationship between the maternal complement fixation titer at delivery or

follow-up and the prevalence of antigen in the serum offspring for follow-up (Table 2). The maternal

titer on all 13 Infants found to be positive was greater than or equal to 1:32. None of the offspring of
mothers with titers less than 1:32 were positive.

At the time of follow-up, the physical status of children of antigen positive mothers and antigen negative

controls was documjnted. None of these children were chronically III, nor with one exception did any
exhibit any biochemical or physical evidence of hepatitis at the time of examination. When compared to
normal values established for Southern Chinese children (7), average deviations of height and weight for

these two groups of children were not significantly different. The one exception was the antigen positive

son of an antigen positive mother whose only sign of illness was a moderate elevation in the• transaminase
concentrations (SGOT to 136 Sigma Frankel units, SGPT to 90 Sigma Frankel units).

DISCUSSION: As reported in the SEATO Medical Research Laboratory Annual Report 1973-1974, there
were no gross differences seen in the prematurity and perinatal mortality rates of Infants of antigen

positive mothers and antigen negative mothers. Further, there were no apparent differences in the

maternal history of pregnancy and child birth between these two groups; however, subtle differences
could not be excluded.

Transmission of hepatitis B virus occurred from mother to offspring. In this study only Infants of positive
mothers were found to be positive at I to 2 1 years of age. This does not exclude the possibility of

virus transmission and development of the carrier state in children of antigen negative mothers; Indeed

this must happen in order to maintain the high prevalence of antigen carriers seen in this population.

These data do suggest that the Infection of Infants of negative mothers is a relatively rare event when

compared to that of children of antigen positive mothers. The phenomenon of hepatitis B virus

transmission appears to be directly related to the antigen titer of the positive mothers. The prevalence
of antigen positive offspring Increased as the HBsAg titer in the mother Increased.

Maternal antigenemia did not grossly effect the growth or the development of the child. Children who
developed HBsAg were not significantly different in height and weight from children without HBsAg,
whether or not they had HBsAg positive mothers.
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Hiepatitis S Virvs Is lagicok Families

Principal Investigators: William H. Bancroft, LTC, MC
Vanich Vanapruks, MD, MAJ, RTAi
Robert McNair Scott, MAJ, MC
Dumrong Chlewsilp, MD, MAJ, RTA

Associate Investigatorst Maluree Balankura, MD, COL, RTAi
Pramoon Sookwatana, MD, LTC, RTAI

OBJECTIVE: To determine when young urban Thai children are first exposed to hepatitis B virus (HBV)
and to search for the most common routes of transmission to Infants in the first year of life.

BACKGROUND A recent study showed that 19.9x of the residents of Huay Khwang had Hepatitis B surface
antigen (HBsAg) or antibody (anti-HBs) between the ages of one to five years (1). HBV infection in
children was closely related to the presence of HBsAg in their mothers. Another study of women who de.
livered at Women's Hospital, Bangkok, showed 12% of 93 mothers with HBsAg had antigen in their cord
blood by radloimmune assay (RIA). Furthermore, mothers with anti-HBs always had antibody in their cord
bloods (2).

The current study was designed to follow Infants In the first year of life and to compare the Incidence and
effects of HBV Infection in Infants whose mothers had HBsAg or anti-HBs to those whose mothers were
negative.

DESCRIPTION: An attempt was made to Interview and sample as many women as possible who delivered
at Phra Mongkutklao Hospital (PMKH) between 1 February 1974 and 31 January 1975. Blood was collected
from the mother and !he carefully wiped umbilical cord at the time of delivery for testing for HBsAg and
anti-HBs. A questionnaire interview of the mother was conducted in the early postpartum period. Study
subjects were selected by 1) the presence of HBsAg or anti-HBs In the mother's blood; 2) residence within
the metropolitan Bangkok area; and 3) willingness to allow home visits and to bring the baby to the PMKH
Well Baby Clinic for follow-up. Control mothers were selected if they had no HBsAg or anti-HBs in their
blood but delivered on the same day as u positive mother. Control mothers also had to meet criteria 2
and 3 listed above.

HBV serology used a solid phase RIA (Ausria I) and immunoelectroosmophoresis (IEOP) as the primary
screening tests for HBsAg and a radloimmune assay inhibition (RIAI) test to detect anti-HBs. Passive
hemagglutination (PHA) was used when available to confirm the RIAI results and to test small volume
samples. All blood samples were tested for serum transaminase (SGOT and SGPT) levels as well.

Serial serum samples were drawn by venipuncture at approximately two, three, six, nine and 12 months of
age in the Well Baby Clinic after examination by a pediatrician. Blood samples were drawn from the mothers
at the same time Intervals. An attempt is being made to collect blood samples from all other people living
in the home during home visits at three, six and 12 months after delivery.

During home visits, information was gathered on the home environment by questionnaire and Inspection and
samples of breast milk, saliva and mosquitoes were collected from some families. The priority of sample
testing is to test sera first, then saliva, breast milk and mosquitoes.

1 Royal Thai Army Hospital, Beagkok, Thailand.
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PROGRESS: A comparison was made of 300 women delivering at PMKH to 300 women at Women's Hospital
to see if the two ho;p1tal popJiations were similir. The prevalence of HBsAg detected by IEOP was 4.3%
at PMKH and 3.7% at Women's Hospital. The groups were very similar In terms of parent ages, number of
people in the home and home location within Bangkok. A notable difference was that the mean family
income was 25% greater at PMKH than at Women's Hospital. For the purposes of this study, the two
hospitals seemed similar.

interviews and blood samples were obtained from 1042 (43*) of the women who delivered over a 12 month
period. From this group, 42 women with HBsAg, 44 with anti-HBs and 77 negative controls are being
followed. For most mothers with antigen or antibody, a satisfactory negative control was identified who
delivered two days before to two days later. In seven instances, mothers who were Initially thought to be
negative were later shown to actually have antibody at the time of delivery after they had been matched
to HBsAg positive mothers. These seven pairs of antigen positive mcthers mismatched to antlbcdy positive
mothers are being followed that way.

A preliminary review was made of the serological results for 64 mothers, including 12 with HBsAg, 20 with
anti-HBs and 32 time matched controls. Only families that had been followed at least six months or sero.
converted before b3lig lost to follow-up were reviewed. All mothers with antigen or antibody remained
positive (Table 1). Three negative mothers developed low level antibody activity by 10-19 weeks suggesting
they may have been exposed to HBV in the recent past.

The infants showed dramatic serological changes (Table 2). One infant of an HBsAg positive mother was
found to have antigen in the cord blood and in every follow-up serum throughout the next 12 months.
This infant had the only antigen positive cord blood detected by lEaP. Other infants of antigen positive
mothers frequently developed antigen or antibody by the age of 20-29 weeks, indicating that these infants
are at risk of infection very early In life.

All of the Infants with antibody positive mothers had anti-HBs in their cord bloods. The frequency
of anti-H 3 s declined steadily during the first six months as was expected for passively acquired maternal
antibody. Several of th3se infants came from families with an HBsAg positive father, sibling or other member;
some may show evidence of infection with HBV after the maternal antibody is gone. None of the infants
of negative mothers have developed antigen or antibody yet. The prevalence of HBsAg carriers seems to
be the lowest in this group of families.

SUMMARY: A prospective study was started of HBV Infection of infants selected on the basis of their
mother's serological findings at the time of delivery. A preliminary review indicates children of HBsAg
positive mothers have a high likelihood of becoming infected in the first six months of life. Children of
antibody positive mothers have maternal antibody at birth which may afford protection during the first six
months. After losing their maternal antibody, these children as a group may be at a higher risk of Infection
with HBV than children of negative mothers since the families of the former often include an antigen carrier.
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Table 1. Frequency of HBsAg and Anti.Hbs In 32 Pairs of Mothers.

Mother Maternal Category

Blood Weeks After HBsAg Anti-HOs Negative

Spec. Delivery No. Ag 1 Ab F No. Ag - Ab+ No. Ag+ Ab+

I Delivery 12 12 0 20 0 20 32 0 0

2 4-9 8 8 0 16 0 16 24 0 0

3 10-19 9 9 0 18 0 18 27 0 3

4 20--29 7 7 0 14 0 14 21 0 2

5 30-39 2 2 0 1 0 1 3 0 0

Table 2. Frequency of HBs Ag and Anti.HBs in 32 Pairs of Infants.

Infant Maternal Category

Blood weeks After HBsAg Anti-HBs Negative

Spec. Delivery No. Ag÷- Ab+ No. Ag+ Ab+- No. Ag+ Ab+

I Delivery 12 1 0 20 0 20 32 0 0

2 4-9 8 0 0 16 0 15 24 0 0

3 10-19 9 3 1 18 0 10 27 0 0

4 20-29 7 4 1 14 0 2 21 0 0

5 30--39 2 1 0 1 0 0 3 0 0
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Hepatitis B Surface Antigen in Laboratory Reared Mosquitoes

Principal Investigators: Robert McNair Scott, MAJ, MC
Douglas J. Gould, Ph.D.
Franklin H. Top, Jr., COL, MC

Associate Investigator: Rapin Snltbhan, M.D.

OBJECTIVE: To determine the duration of carriage of hepatitis B surface antigen (HB5Ag) by laboratory
reared mosquitoes fed on a HBsAg carrier.

BACKGROUND: This study was reported in the SEATO Medical Research Laboratory Progress Report
1973--1974. This report concerns the completion of radloimmune assay testing of mosquitoes following
feeding on an antigen positive donor.

DESCRIPTION: All mosquitoes used in this study were reared from eggs in the laboratory. After the
adults emerged they were held for 48 hours and were deprived of fluids for 12 hours prior to use.
Mosquitoes were fed on a known carrier of HBsAg/adr with a constant complement fixation titer of 1:512.
Engorged mosquitoes were then removed and unfed mosquitoes discarded. A sample of 10 fed mosquitoes
were quick-frozen and stored at -70'C; the remainder were placed in cages and allowed to feed on
sugar water. Samples of 10 mosquitoes were withdrawn from the cages at 1, 3, 5, 7, 10, 15 and 21 days
after feeding, quick-frozen and stored at -70°C.

All mosquitoes were tested by radioimmune assay (RIA, Ausria I, Abbott Laboratories) simultaneously for
each mosquito species. Pools of 10 mosquitoes were triturated in 0.5 ml of 0.01 M Tris buffered saline
pH 7.4 and centrifuged at 2000 rpm; 0.1 ml of the supernatant solution was placed in each of two Austia
tubes. Following this the test was run according to the directions provided with the Ausria kit. Included
in each experiment was a pool of 10 unengorged mosquitoes of each species. Also one mosquito species,
Aedes aegypti, was allowed to bite a non-antigenemic Individual. These mosquitoes were followed in the
same way.

PROGRESS: Seven mosquito species, Aedes aegypti, Aedes olbopictus, Anopheles bolabacensis, Anopheles
maculatus, Anopheles minimus, Armigeres subalbotus, and Culex quinquefasciaous, were tested in the above
manner (Figure 1). RIA results of all unengorged mosquito controls fell within one standard deviation of
the mean of the negative sera controls. Further, all samples of Aedes aegypti fed on a non-antigenemic
individual also were found to fall within one standard deviation of ihe negative control mean. For all
seven species th+ first pool o, !in was taken immediately after feeding on the HBsAg positive volunteer.
HBsAg was detected in all mosquito species in the first sample. However, HB1Ag as determined by RIA,
had disappeared by 24- 72 hours after feeding. All mosquito species ware followed for 21 days or longer.
in all species HBsAg did not reappear; the RIA counts per minute on these mosquito pools remained within
the limits of the unfed mosquitoes.

DISCUSSION: These data indicate that disappearance of HBsAq from the mosquito pools was simultaneous
with the digestion and elimination of the blood meal. In the seven mosquito species followed for 21 or
more days HBsAg did not reappear after its initial disappearance; however, the presence of antigen in
mosquitoes for 24-72 hours might allow them to serve as mechanical vectors if they refeed within this
period of time.

The laboratory work on this study is now complete and the data 4 being analysed in preparation for
publication.
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Figure I Radioimmuno assay for. HBsAg (Ausrio I) on pools of 10 mosquitoes collected
following feeding on on infectious HBsAg positive volunteer.
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Tick-borne Viruses in Thailand -

1. Tentative Identification of Langat Virus

Principal Investigators: William H. Bancroft, LTC, MC
Rapin Snitbhan, M.D.

Robert McNair Scott, MAJ, MC
Douglas J. Gould, Ph.D.
Robert E. Weaver, Jr., SFC

Joe Marshall, Ph.D.
Nongnard Shasakdimontrl, B.Sc.

Associate Investigators: Anon Boonkanoke, M.T.
Panor Srisongkram, B.$c.
Aree Borlharnvan *.*tt, B.Sc.
Nanglak Khananuraksa, B.Sc.

OBJECTIVE: To identify a group B arbovirus (T-1674) isolated from ticks in Khao Yal National Park.

BACKGROUND: Three unidentified viruses have been isolated from ticks collected in Thailand (1). One
of the viruses, T-1674, was shown to pass through a 200 nm filter. Growth was inhibited by either
exposure to ether or pH 3.0 but not by a DNA Inhibitor, 5-Bromno 2' deoxyuridinn. In LLC--MK 2 cells,
T-1674 produced plaques of varying size. Complement fixation (CF), herragglutinatlon inhibition (HI)
and plaque reduction neutralization tests (PRNT) Indicated T-1674 was antigenically related to the group
B arboviruses. Tick-borne group B arboviruses have not been previously identified In Thailand. Since
some members of this group cause severe encephalitis in man, identification of T-1674 was given first
priority.

DESCRIPTION: Identification of T-1674 was accomplished by comparing Its antigenicity to that of nine
other group B arboviruses including a prototype strain of Longat, TP-21.

Hyperimmune mouse ascitic fluid (HMAF) was used in all serological tests. HMAF was made to T-1674
and the prototype Langat TP-21 (2). Additional HMAF to TP-21 was kindly provided by Dr. Hazel
Wallace (Arbovirus Research Unit, University of Mclaya, Kuala Lumpur, Malaysia).

CF and HI antigen was prepared by sucrose acetone extraction of suckling mouse brain (SMB) (3).
Hemagglutin activity was optimal at pH 6.7 (range 6.4-7.0) at 22"C. PRNT using a constant amount of
virus and dilutions of HMAF were used to determine the dilutions of antibody giving 500 plaque
reduction (4).

PROGRESS: Low passage seed virus sent to the Yale Arbovirus Research Unit, New Haven, Conn., was
tentatively Identified as Langat virus by comparative CF testing (5). Similar testing in this laboratory
supported this conclusion (Table 1). In addition, PRNT showed T-1674 was neutralized only by Langat

antibody (Table 2). Although the Langat HMAF gave two to four fold higher antibody titers to TP-21
than to T-1674, it is concluded that there is sufficient similarity to consider T-1674 to ke a new strain

of Langat virus.

SUMMARY: identification tests of a group B tick-borne virus (T-1674) from Khao Yal National Park
suggest it is a new strain of Langat virus. Conclusive Identification awaits interpretation of the results by
the Yale Arbovirus Research Unit.

REFERENCES:
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March 1974.
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Tick - bores Viruses in Thailand

2. Experimental Infection of Gibbons with a Group I
Arbovlrus (T- 1674)

Principal investigators: William H. Bancroft, LTC, MC
Rapin Snitbhan, M. D.
Harry Rozmiarek, MAJ, VC
Markpol Tingpalapong, DVM

Associate Investigators: Jerome J. Karwacki, SP/5
Anon Boonkanoke, M. T.
Nongnard Sahasakdlmontri, B. Sc.

OBJECTIVES: 1) To determine If a group B tick-borne arbovirus (T-1674) was infectious for gibbons
and, if so, 2) to identify any evidence of illness that might also occur in man.

BACKGROUND: Tick-borne group B arbovirus Infections of man may be asymptomatic or cause mild to
severe encephalitis. A new strain of group B arbovirus, T-1674, which was isolated from Hoemaphysalis
popuana ticks In Khao Yal National Park (1) was tentatively Identified as Langat virus. Langat virus, a
member of this group, has been shown to be Infectious for rhesus, cynomologus and spider monkeys but not
to cause disease. Experimental Infection of gibbons has not been reported. Since gibbons are present in
abundance in the area in which T-1674 was found, it Is possible that gibbons may be a natural host for
this virus.

DESCRIPTION: Three adult gibbons, Hylobates lar, which had been cared for by the Dept of Veterinary
Medicine, SEATO Medical Research Laboratory for 8 to 9 years, were selected for experimental infection
after determining they had no detectable antibody by hemagglutination inhibition (Hi) tests to Langat and
5 other group B arboviruses. Two animals (P5, B66s) were Inoculated intracutaneously with 1.0 ml each of
a low passage suckling mouse brain (SMB) suspension containing T- 1674 at a titer of 104.1 suckling mouse
LD50/ml. One of these gibbons (B66s) had a splenectomy 7 years previously. The third animal (B56) was
inoculated with a placebo and housed in a cage between the infected gibbons. Each animal was observed
daily for evidence of illness. Blood samples were collected daily for the first 10 days, then approximately
weekly for the first month. Viremia was detected by inoculation of plasma into suckling mice.

PROGRESS: No differences were observed between the three animals with regard to food and water
intake, rectal temperature and general behavior that were not within the range of expected daily variation.
None of the animals developed a detectable rash, neourological abnormalities, lymph node enlargement or
splenomegaly.

Both gibbons who received T-1674 had viremia from days one to six after inoculation; plasma virus titers
reached 103 suckling mouse LD50/ml on day two and three, respectively. Both animals subsequently developed
antibody detected by complement fixation (CF), HI and plaque reduction neutralization test (PRN.) after
day 10 (Figure 1). The control gibbon did not develop viremla or detectable antibody. Routine hematological
studies showed a temporary fall in hematocrit for each animal during the 10 day period of daily blood
collection (Figure 2) which was attributed to frequent phlebotomy. B66s had a long previous record of
leukocyte counts above 8000 wbc/ml following splenectomy. The two Infected gibbons developed increased
total lymphocyte levels relat, , their baseline values from days 3 to 10 and 4 to 17, respectivel, in these
animals, mononuclear cells 4.rounted for 58-70% and 82-88%, respectively, of all leukocyte. frem days
four to nine after infection. In contrast, the control gibbon had 4000 lymphocytes/ml or less during the somn
time period and 44-63M mononuclear cells.
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SUMMARY. Two adult gibbons were experimentally Infected with T-1674, a group 5 orbovirus tentatively

Identified as Langat virus. Both animals developed viremia from days one to six after Infection followed

by antibody detected by CF, HI and PRNT. Peak antibody levels were obtained one month after Infection.
both animals developed relative and absolute lymphocytosis during the first three weeks after Infectlon but

neither developed overt disease. A temporary fall in hematocrit was also seen in the Infected and the

control animals and was attributed to frequent phlebotomy. It was concluded that T-1674 con cause
asymptomatic infections with viremio in gibbons. No additional Information was learned about the potential
pathogenicity of T-1674 for man.

REFERENCES:
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Tick-borne Viruses Is Thailand

3. A Survey for Human Antibody to T-1674

Principal Investigators$ William H. Bancroft, LTC, MC
Rapin Snitbhon, M.D.
Robert McNair Scott, MAJ, MC
Nathada Plavooth, RN

Associate Investigators: Panor Srisongkram, B.Sc.
Ares Boriharnvanakeit, M.T.
Nongnard Sahasakdlmontri, B.Sc.
Nonglak Khananuraksa, B.Sc.
Suleelo Seemachlbovorn, B.Sc.

OBJECTIVE: To detect any evidence of human infection with T-1674, a group B tick-borne arbovirus.

BACKGROUND: Tick-borne arbovirus infections of humans have not been recognized to occur In Thai-

land. The discovery of two different viruses In ticks collected In Khoo Yal National Park (KYNP)

stimulated the Initiation of a survey of residents of the park for antibody to these agents (1). One of
the viruses, T-1674, was previously shown to be a group B arbovirus (1) and is now tentatively
Identified as Langat virus. Natural infections of humans with Langat is infrequent in Malaysia, but
induced Infections of people with neoplastic disease has caused encephalitis (2). This study sought
evidence of natural human infection with T-1674 in a human population with a high Incidence of
mosquito-borne group B arbovirus infection.

DESCRIPTION: Human sera were collected from as many residents of Khao Yal National Park (KYNP) as
was possible during visits in September 1973, February 1974 and Sectember 1974. At the some time

historical information was obtained on the length of residence In KYNP, living site, size of families,
occupation, general health and exposure to ticks.

Complement fixation (CF), hemagglutination Inhibition (HI) and plaque reduction neutralization tests (PRNT)

were used to detect antibody (1). CF antigen was standardized by block titration against homologous

HMAF. The highest dilution of a sucrose acetone extract of suckling mouse brain (SMB) giving 50S
hemolysis was considered one unit of antigen. A four-fold lower dilution of antigen (4 units) was used

in routine CF tests. All sera were heated to 56WC for 30 minutes before testing. A serum titer of 1 :4 or

greater was considered positive by CF. Eight units of sucrose acetone extracted SMB were used as antigen
in HI tests. Positive serum titers by HI were 1:10 or greater. PRNT titers were based on 50% reduction
of the mean number of control plaques by a serum dilution of 1:10 or greater.

PROGRESS: Residents of KYNP included employees of the Forestry Department, Highway Department and
the Tourist Organization of Thailand kTOT) and their dependent relatives. Between September 1973 and
September 1974, serum was collected from 497 individuals representing 80 of the total population
estimated from work rosters and interviews and multiple sera were obtained from 39% (Table I). The
median age of the people sampled was 22 years compared to 21 years for the entire population. The
ages of people sampled ranged from 4 months to 60 years. The median length of residence in the park
was 3 years and ranged from one day to 43 years. The ratio of males to females In the sample was
1.56 compared to 1.39 for the whole population.

The questionnaire survey yielded little evidence of illness. Between 12-55% of the residents experienced
one or more of 11 specific symptoms, but the responses did not correlate with the presence or absense

of group B arbovirus Hl antIbe4y. In September 1973, few people reported ever being bitten by ticbs;
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however, in February 1O74 over 50% of the residents admitted to tick bites and many said ticks were
abundant at that time. it appeared that human exposure to ticks was common and probably seasonal.

HI tests were done on at least one blood sample from 488 individuals with adequate demographic
Information. Of the entire sample, 246 people provided serial blood specimens. The age distribution of
the follow-up group was representative of the larger group (Figure 1). Similarly, the age specific
prevalence of arbovirus HI antibody for the follow-up group (Figure 2) was representative of all of the
park residents. 4i antibody to dengue virus type 2 (D2) and Japanese Encephalitis virus (JE) was found
in over 65% of persons aged 10-15 years and over 90% after age 20 years. Antibody to T-1674
tended to appear later than that to the other group B arboviruses, was not found In more than 87 % of
any age group and declined in the oldest age group. Chikungunya antibody was found in only two of 66
persons under 15 years of age but thereafter increased steadily to age 50 years.

Of the 246 residents of KYNP from whom two or three serum samples were obtained, 24 (10.20)
demonstrated a four-fold rise in HI antibody titer to one or more arbovirus antigens (Table 2). A rise
in antibody to JE antigen was more frequent than to any other type and was found in individuals ranging
in age from 16 months to 54 years. Two people showed a four-fold rise in antibody to T-1674 but
both had pre-existing group B antibody. No one developed a higher titer of antibody to T-1674 than
to either D2 or JE. The people with multiple serum samples were screened for PRNT antibody at a 1:10
dilution. The highest titer of neutralizing antibody to T-1674 in any resident was I:10. Since the
PRNT is considered to be more specific than the HI test the evidence suggests the HI reactivity to T-1674
was due to cross reactive antibody to other group B arboviruses. The constant presence of mosquito-
borne group B arboviruses In KYNP, the low level and infrequent rises in Hi antibody to T-1674 and the
absence of high levels of PRNT antibody to T-1674 indicate that Infection of residents with T-1674
virus is quite infrequent if it occurs at all.

SUMMARY: A prospective survey of arbovirus antibody was made from September 1973 to September 1974
of all residents of Khao Yal National Park. Although evidence was found of near uniform exposure to Dengue 2,
Japanese Encephalitis and Chikungunya, there was no conclusive evidence of any natural Infection with
T-1674 during that time period. It is concluded that HI reactivity to T-1674 antigen Is probably due to
the presence of cross reactive antibody produced to other group B arboviruses. There appears to be little
or no risk of human Infection with T-1674 in the park.

REFERENCES:

1. Bancroft, W.H., Snitbhan, R., Gould, D.J. et al:
SEATO Medical Research Laboratory Annual Report, March 1974.

2. Webb, H.E., Wetherley-Mein, Smith, G. et al: Leukaemla and Neoplastic Processes Treated with Langat
and Kyasnur Forest Disease Virus: A Clinical and Laboratory Study of 28 patients. Brit. Med. J. 1:256 .266,
1966.
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Table 1. KYNP Resideaetu Ierolekllal Sempia
Sept 1973-Sept 1974

Dept. Residents Sex Ago* Length of Residence
Group No. (s) Male Female MIF Median (Ronge) Median (Range)

TOT
Bled 230 (86) 123 107 1.15 21 (7/12-48) 3 (2 day-10)
Missed 38 i6 20 0.90 3 (1112-48) N.D.
Combined 263 141 127 1.11 20 (1/12-48)

Forestry
Bled 170 (82) 117 53 2.21 22 (9/12-60) 2 (1 day-13)
Missed 37 18 19 0.95 11 (9 day-59) N.D.
Combined 207 135 72 1.86 21 (9 day-60)

Highway
Bled 97 (65) 63 34 1.85 26 (4/12-54) 3 (3 day-43)
Missed 53 24 29 0.83 10 (1/12-75) N.D.
Combined 150 87 63 1.38 21 (1/12-75)

All Depts
Bled 497 (80) 303 194 1.56 22 (4112-60) 3 ( day-43)
Missed 128 60 68 0.88 9 (9 day-75)
Combined 625 363 262 1.39 21 (9 day-75)

Time is in years unless otherwise indicated.

Table 2. Frequency of HI Antibody Rise to Arbovlruses

In 246 Residents of KYNP

Antigen Four-fold Increase Eight-fold Increase
No. (i) No. (t)

Group A

Chikungunya 6 (2.4) 0 (0.0)

Group B

T-1674 7 (2.8) 2 (0.8)

Dengue 2 12 (4.9) 4 (1.6)

Japanese 15 (6.1) 7 (2.8)
Encephalitis

Any Group B 19* (7.7) 7 (2.8)

* Group B arbovirus Incidence rate = 19/246/yr = 77.2/1000/yr
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Figure I. Percefit age distribution of residents of Khao Yai National Park
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encephalitis Virus; and D. Chikungunyo in 246 residents of Khoo Yai National Park
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Epidemic influenza In A Hill Tribe in Northwest Thailand

Principal Investigatorsm Robert McNair Scott, MAJ, MC
Ropin Snitbhon, M.D.
Bina E. Sawyer, M.D.1
William H. Bancroft, LTC, MC
Eliot J. Pearlman, MAJ, MC

Associate investigators: Nathada Plavooth. RN
vacharee Panalaks, RN
Sumltda Narupiti, B.Sc.

OBJECTIVE: To investigate an epidemic of respiratory disease in the Karen hill tribes of northwest
Thailand.

BACKGROUNDt The town of Mao Sarlang is located on the banks of the Yuam River in a mountainous
region of northwestern Thailand (97° 52' longitude, 18' 10' north latitude, at 350 meters above sea level).
From Mae Sariang a partially paved road runs north along the river 140 Km to the provincial capital of
Mae Hong Sorn. Another road runs 193 Km through the mountains east from Mae Sarlang to the city of
Chiang Mal (Figure I and 2).

The people of this region are largely Karen. They live in small isolated hillside villages of 10-500 houses
and are subsistence farmers. Due to the isolation of the villages, travel Is largely by foot; it is usually
limited to occasional visits to local villages and rarely, in an emergency, to nearby towns. Educational
opportunities are rare and there is little understanding of simple health measures. Malnutrition, vitamin
deficiency and parasitic infestations are common problems. The climate of this area is Influenced by the
southern monsoon winds, with the wet season from May to October, and the dry season from November to
March. The Christian Medical Unit (CMU) of the American Baptist Misson is located In Mae Sarlang. It
is a ten-bed hospital with one fulltime physician ( BES) and it provides medical service to an estimated
20,000 people who live within a six day walk. Since 1973 the hospital has used a mobile medical unit
to make visits every six weeks to hill tribe villages up to three day walk from the road.

In the third week of March 1974, an increase in respiratory disease was reported in Karen villages. The
onset of the outbreak was temporally related to a two day meeting of the Karen Baptist Association (KBA)
which was attended by an estimated 300 residents of Karen villages. The meeting was held in the village
of Mae Hae, located approximtely 38 Km northeast of Mae Sariang, 10 hours on foot from the nearest
road (Figure 2). This village is composed of 40.50 houses with an estimated population of approximately
280 residents. At the time of the meeting 60-75 residents ( 23-27 0 ) of the village were acutely ill with
respiratory symptoms. Many people in surrounding villages also had acute respiratory disease and one
village reported seven deaths. Over the two weeks following this meeting 237 patients were seen by
the CMU in villages north of Mae Sariang. Many of these were people who had been present at the KBA
meeting including one of the CMU staff.

On 5 April the SEATO Medical Research Laboratory was requested by the staff of the CMU to help determine
the etilogy of this epidemic.

DESCRIPTION: From 7-9 April 1974 a field team was deployed from the SEATO Medical Research
Laboratory to substantiate reports of increased respiratory disease among the Karen people.

1 Christian Medical Unit, American Baptist Mission, Moo Hong Sorn, Thailand.
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Clinical studies, People were examined in villages selected along migration routes so as to moeaior post
and current disease along these routes. Four villages were selected to the north and three villages to the
south of the Mae Sariang - Chiang Mal road (Figure 2). The clinical presentation of the Illness was determined
by interviewing and examining sick patients with respiratory symptoms. Clinical samples were taken from
all people examined and blood was obtained for serology.

Laboratory studies : Throat washes or swabs were obtained on all patients for virus Isolation. The techniques
for isolation and identification of influenza viruses have appeared elsewhere (1). Briefly, viruses were
isolated in embryonated chicken eggs and primary monkey kidney (MK) tissue culture (Macoca mutatto). The
presence of virus was recognized by hemagglutinatlon or hemadsorptlon of guinea pig red blood cells.
Prototype strains of previously isolated influenza viruses were obtained from Dr. Franklin H, Top, Jr.,
Walter Reed Army Institute of Research, Washington, D. C. Specific antisera to both the isolates and the
prototype strains were prepared In roosters. Isolates were Identified by hemagglutination inhibition (lii)
using eight hemagglutinating units of antigen and homologous and heterologous rooster antlsera. Neutroli.
zation tests used 100 TCIDs 0 of virus and quantitative neutralization tests were done using 10 fold dilutions
of each virus against dilutions of rooster antisera (2).

Blood was obtained for serology on all patients; sera were tested far antibody to Influenza by an MIi test.
Blood smears were obtained on older patients for estimation of the white blood count (WBC) and differential
counts. Blood cultures were taken when indicated and throat swabs were obtained from all patients for
bacteriological culture.

PROGRESS:

Distribution of cases: Among villages surveyed, disease was evident only in those to the north of the road
between Mae Sariang and Chiang Mal. The inhabitants of these villages were largely Christian. Residents
of each had attended the KBA meeting and many had developed respiratory disease during the meeting or
shortly after returning to their homes. At the time of the survey there was a marked increase in respir.
atory disease among infants and children; however, respiratory disease among older people was reported to
have occurred approximately two weeks earlier. Village headmen estimated that between 10 and 40A% of
the people in four villages had recently been sick. People in the three villages south of the road were
not Christians. No one from these villages had attended the KBA meeting and there was no respiratory
disease seen or reported for several months prior to the time of the survey in these villages.

Characteristics of Illness: The clinical presentation of the illness was determined by interviewing and examin
Ing 25 patients. People of all ages were sick (Table 1 ). Twelve of the 25 were less than 10 years old
and the oldest was 46 years old. Patients seen were sold to have been ill from one to 17 days. All had
a history of fever and the older ones complained of headache, malaise and prostration. All developed a
characteristic hacking cough which in some cases was productive of sputum. The majority had hyperemic
throats, and one child had a mild exudative tonsillitis. Eight of the 25 patients had chest findings ranging
from scattered ronchl to evidence of consolidation. In 13 patients studied, white blood counts of 10,000 or
less were found in nine and differentials showed an absolute lymphocytosis (35-84N) in eight.

Bacterial cultures: Bacterial cultures at blood were obtained from three patients; pneumococcus was recovered
from one of these. This individual had first developed Illness about one week prior to being seen and
had an acute exacerbation of his symptoms eight hours prior to examination. No other bacterial pathogens
Including beta hemolytic streptococcus were identified in either the blood or the throat cultures.

Virus Isolation and identification: Despite difficulties in transportation and storage, nine virus strains were
Isolated from the pharyngeal secretions of the 25 patients (36% ) (Table 1). In one village, isolations were
made in six of the eight patients examined. Isolates were easily passed in MK cells or embryonated eggs.
No evidence of cytopathogenic effect was noted in the MK cells after as long as 14 days of incubation.
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Table 1. Age Distribution of Respiratory Disease ead
influenza Isolates of 25 Patients Examined

In Northwest Thailand

Age Patients Influenza
(Years) Examined Isolates

0-9 12 5

10-19 1 0

20-29 3 1

30-39 5 1

>40 4 2

TOTAL 25 9 (36s)

Antisera prepared in roosters against two of the Isolates had an HI titer of I 1320 when tested against
the homologous antigens and titered within a two -fold dilution when tested against the other strains
(Table 2). These results indicate that there were no significant antigenic differences among the Isolates
from this epidemic.

To determine the extent of the differences in antigenic configuration between the current strain (Mae.
Sarlang /74) and earlier Isolated strains, rooster ontisera prepared against the isolates and prototype
Influenza strains were tested against homologous and heterologous viruses. The HI test demonstrated a close
relationship between the current strain and prototype A/Port Chalmers/ 1/73 (Table 3).

It has been suggested that the neutralization test is more sensitve to antigenic variation than Is the HI
test (2). When antisera were tested by neutralization, a disparity was revealed in the antibody activity
of antisera prepared against these strains. Antlsera to A/Port Chalmers/i/73 equally neutralized at high
titers both the homologous and the current strains. However, when antisera to the current strains were
used, neutralization of 100 TCID so of A/Port Chalmers/ 1173 repeatedly required 6-fold more antisera
than did the current strain (Table 4). The degree of disparity was not sufficient to differentiate a nqw
influenza strain when analyzed by the method of Archettl and Horsfall (3). These findings, however, do
suggest minor antigenic differences between the prototype strain and the present isolate. Quantitative
neutralization tests using three viruses against antisera prepared against them substantiated these minor
differences (Figures 3 & 4).

Hi antibody response: Serum samples were obtained from 25 patients. Unfortunately, due to the
remoteness of the area, convalescent samples were not available. in all the individuals from whom virus
was isolated the titers were < 1:10. Antibody was present In 14 of the remaining 16 peopie.

DISCUSSION: That this epidemic was an outbreak of influenza has been amply demonstrated. influenza
virus, closely resembling A/Port Chalmers/l/73 was Isolated from 36 0 (9/25) of the throat secretions
collected from acutely iII patients.

The magnitude and extent of the epidemic and the incidence of disease could not be accurately assessed.
The population of the hill tribes can only be roughly estimated and the number and distribution of the
villages affected is unkown. An incidence of influenza might be Inferred from the attack rates reported
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for the people of Christian sentinel villages, whore 10-15 X of the popelaflon was sold to hey. beao

involved.

In Thailand, over the post several years, influenza has usually appeared during September, October or
November In Bangkok or at the Royal Thai Air Force Bases. It occurred at a time when resurgence of
disease was occurring in other parts of Asia, Europe and North America and was probably introduced
Into Thailand from these areas. Two epidemics have been studied in the spring when the incidence of
influenza was low elsewhere. Both of these were noted first In rural areas; one In Karat In AprN 1971
and this one in Moe Sariang. We have no information as to the source of this epidemic. The virus may
have been introduced into the hills from the central valley of Thailand; a mild outbreak of influenza
occurred in Bangkok in October and November of 1973, from which a virus similar to the A/Port Chalmers
/1/73 strain was isolated. Alternately, the virus may have spread south through the hills from Burma, Laos
or China. Consistent with this hypothesis is the occurrence of respiratory illness in hill tribe villages near
Fang, 200 Km to the north of Mae Sarlang in February 1974 (personal communication: Prince Pisadel
Rachanee, Director. His Majesty's Hill Tribe Prolect, Chiang Mal, Thailand).

Influenza may have resulted in a recognizable epidemic through a series of unusual and fortuitous circumstances.
Rare In Itself was the gathering of individuals from many villages at the KBA meeting.

Tadle 2. Hemagglutination Inhibition Test on Nine Virus
Strain from isolated Patients in Moo Sariang
Using Rooster Antisera Prepared to Two of Them

Antiserum Reciprocal Hemogglutlnation Titers

Antigen 3SM/9g/74 MS/913174

MS/862/74 320 320

MS/816/74 320 320

MS/87l/74 320 320

MS/872/74 320 320

MS/877/7A 320 320

MS/877/74 320 320

MS/878/74 320 320

MS/883/74 320 320

MS5S886/74 320 320

MS/913/74 320 320

MS/916/74 640 640
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Tabia 4. Comparlson by Cross Nuitoliizetleo of Current INf&uiue S3frdae
with A InflueozalHsl 2 I viruses

Amtisera Reciprocal of Neutralizing Autlbody Titer

Antigenb A/MS/668/74 A/P. ChalI/173 A/Eag/42/72 A/IH.L./I/6

A)MSlB68172 160 160 20 20

AIP.ChalI1 /73 20 160 20 20

A/Eng/42/72 20 s0 160 20

A/H.K.I1/68 20 40 40 160

a Specific rooster antisera

6 Neutralization tests used 100 TCiD5s of the appropriate virus.

The almost exclusive involvement of Christian villages, as opposed to non - Christian villages, implicate this
meeting as a point source for the local epidemic. This led to the infection of people from widely scattered

villages and ultimately to a simultaneous Increase In disease over a large area. The epidemic probably

would not have been recognized were It not for the activities of the CMU mobile unit with its program of

medical service to isolated villages.

The data collection for this study is complete. We are awaiting the final Identification of strains of influenza

virus isolated In Bangkok during the summers of 1973 and 1974. Upon receipt of this Information this work

will be analysed and prepared for publication.
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Rabies Exposure During Pregnancy

Principal Investigators: Michael R. Spence, MAJ, MC
David E. Davidson, Jr., LTC, VC
Garrett S. Dill. Jr., CPT, VC
Kwanyuen Lawhoswasdl, DVM
John W. Sagartz, CPT, VC

Associate Investigator: Prakorb Boonthal, M.D.'

OBJECTIVE: To study transfer of rabies virus and antibody across the human placenta.

BACKGROUNDt Rabies virus has been shown to cross the placenta in experimental infections In many
species (1 - 3). Transplacental transmission of this virus has also been reported following a naturally
acquired Infection in a pregnant cow (4). This phenomenon has not been reported to occur in man.
We have recently seen two patients with rabies exposure during the third trimester of pregnancy.

PROGRESS: The first patient, a 43 year old Thai female, was approximately eight months pregnant when
she was bitten on the leg by a stray dog. The patient cleansed the wound with soap and water and
sought medical advice. No specific antirabies therapy was initiated, presumably because she was
pregnant.

On 6 December 1972 the patient delivered a healthy male infant, without complications. On 8 December
1972, the patient's second postpartum day, she developed symptoms of encephalitis. Her condition
progressively deteriorated and she died on 12 December 1972. Corneal Impressions and a blood sample
were obtained two hours prior to her death. An autopsy was performed. The corneal impressions and
tissues obtained at autopsy were fixed and stained with fluorescein labelled anti-rabies globulin (5). The
fluorescent antibody stained antemortem and postmortem corneal Impressions were positive, while skin
taken from the wound site was negative. Positive results were also obtained from the hippocampus,
cerebrum, cornea and lacrimal gland. The serum sample contained no neutralizing antibodies to rabies
(Titer c 1:5) by mouse serum neutralizing antibody test. Serum specimens from the Infant were also
negative for rabies neutralizing antibodies in the neonatal period and again one year later. The child is
alive and well at two years of age.

Case 2 was a 29 year old Caucasian female. At 35 weeks gestation the patient was bitten on the hand
and arm by a pet cat subsequently found to be rabid In our laboratory. The wounds were cleansed
with soap and water and 4000 U of antirabies hyperimmune serum was administered Intramuscularly.
immunization with killed rabies virus vaccine (Duck Embryo Origin) was Initiated. The immunization
schedule was single, daily inlections for fourteen days followed by three boosters on days 24, 34, and 64.
On 18 April 1974, at 39 weeks gestation, the patient's labor was Induced and she delivered a healthy
male infant without difficulty. A maternal serum sample was obtained prior to induction, and cord blood
was collected at delivery. Serum samples were also obtained from the patient and her Infant at three
and six weeks postpartum. All serum samples were evaluated for the presence of rabies neutralizing
antibodies. The results of these tests are Indicated in Table 1. The patient received a booster immuniza.
tion at four weeks postpartum. Both the patient and her infant are alive and well nine months after
delivery.

1 Bamrasnaradura Hospital, Nonthaburi, Thailand.

79



Table 1. Serum Rabies Neutralizing Antibody Titers Obtalmed

from Patient 2 and her Infant

SAMPLE TITER

Preinduction
Maternal blood 1 3 70
Cord blood 13 30

Three Weeks postpartum
Maternal blood 1 s40
Infant blood 1 5 5

Six weeks postpartum
Maternal blood 1 $ 80
Infant blood <1 : 5

DISCUSSION The Infant of the first patient demonstrated no evidence of acquiring his mother's Infection.
Additionally he had no detectable Immune response to rabies virus. These findings suggest that the virus
did not cross the placenta.

The second patient demonstrated a good immunologic response to antiserum and vaccine. The presence of
antibodies in her Infant's serum that rapidly decreased in titer with time suggests that these antibodies
crossed the placenta resulting in passive Immunization. Antibody titers in maternal blood at the time of
Induction of labor may be different from the titers in the cord blood because maternal 19M antibody did
not cross the placenta.

It Is not our opinion that, in our single case report, we have established the safety of antirables
immunization during pregnancy. We do feel, however, that pregnancy is no contraIndication to rabies
immunization.

REFERENCES:
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4. Martell D., M.A., Cerod Mantes, F., and Alcocer B., R.: Trrnsplacental Transmission of Bovine
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Animal Rabies Ir- Thailand t Rabies Diagnostic
.aboratory Services

Principal Investigators: Garrett S. Dill, Jr., CPT, VC
Kwanyuen Lawhaswasdi, DVM
David E. Davidson, Jr., LTC, VC

OBJECTIVE: To provide rabies diagnostic services to U.S. military personnel in Southeast Asia and the
Western Pacific.

DESCRIPTION: Every brain submitted to this laboratory was examined by both the fluorescent antibody
test and by mouse Inoculation. Agreement between the two tests was 99.87%.

PROGRESS: Of 758 brain specimens examined, 253 (33.4%) were positive (Table 1 ). The prevalence
of rabies In the dog (42.2%) and in the cat (11.5%) was slightly less than in recent years.

Table 1. Summary of Rabies Diagnoses-I April 1974-31 March 1975

Number of Number Percent
Species

Specimens Positive Positive

Canine 555 234 42.2

Feline 122 14 11.5

Human 2 2 100.0

Rodent 24 2 (a) 8.3

Primate 21 1 (b) 4.8

Rabbit 11 0 0

Bat 10 0 0

Squirrel 5 0 0

Other (c) 8 0 0

Total 758 253 33.4

(a) Two rats from the Republic of the Philippines
(b) Pet gibbon from Nakorn Panom
(3) 3 civets, 1 goat, 1 mole, and 3 guinea pigs
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Prevalence of Some Viral Infections in the Residents
of Pheom-Peak

Principal Investigators: Rapin Saltbhan, M. D.
Robert McNair Scott, MAJ. MC
William H. Bancroft, LTC, MC

Associate Investigators: Choompun Manomuth, B. Sc.
Sumitda Narupiti, B. Sc.
Panor Srisongkram, B. Sc.
Nonglak Kananulaksa, B. Sc.

OBJECTIVE: To survey the experience of residents of Phnom-Penh with polloviruses, mosquito-borne
arbovirusos and hepatitis B virus (HBV).

BACKGROUND: The question of transmission of hepatitis B virus remains an enigma. it has been shown
that virus may be passed by the parenteral route, and contaminated needles or parenteral preparations
were implicated In the transmission of disease. Recently the question of arthropod transmission has been
raised as a mode of transmission in the tropics. Non-parenteral transmission has also been demonstrated
experimentally. Epidemiological investigations have implicated this mode of transmission in tropical areas.

Sera from a Cambodian population were collected by the National Blood Transfusion Center and the Institute
of Biology, Phnom-Penh, in a pro-polio immunization study to determine the optimum age of polio
immunization In this population. This population resided in a tropical area with generally poor sanitation,
and no known recent polio immunization. Biting arthropods are prevalent in Phnom-Penh and many of
these are known to be virus vectors. Prior studies had indicated that this population should have a high
prevalence of hepatitis B surface antigen (HBsAg) carriers (1). This information suggested that a comparison
of the experience with polio, arboviruses and hepatitis B infections in this population might shed some
light on the mode of transmission of HBV In the tropics.

DESCRIPTION: This study was done in collaboration with the National Blood Transfusion Center and the
institute of Biology, Phnom -Penh at the request of Dr. Rene Sansonnens, a WHO representative. Question.
nairos were completed by 370 Cambodians presenting themselves for Immunization dgainst polio. Sera were
obtained from all 370 people prior to immunization. Sera were screened at a dilution of I: 10 for antibody
against polio types one, two and three using a metabolic inhibition technique with LLC-MK2 cells (2).
Antibody to mosquito -borne arboviruses found in Southeast Asia were detected by a hemagglutination
inhibition test (2) using Chikungunya (Ross) virus as representative of group A arboviruses, Dengue 2 (New
Guinea) and Japanese Encephalitis (Nakayama) viruses as representative of group B arboviruses. Sera with
no antibody detectable at a 1:10 dilution were considered to be negative. Hepatitis B surface antigen
(HBsAg) was detected by immunoelectrophoresis (IEOP) using high titered human antiserum. The technique
of this test has been previously described (3).

Antibody to hepatitis B surface antigen will be detected by either a radloimmune assay inhibition (RIAI) or
a passive hemagglutination test (PHA, Electronucleonics).

PROGRESS: Polio antibody was present in approximately 25% of children under one year of age (Table 1).
Prevalence of antibody increased rapidly, approached 100% by the age of four years and remained
between 90 and 100% in all older age groups studied. At least 50o of the children between the age of
six to nine years had acquired antibody to all three types of polioviruses. By the age of 15, approximately
85% of the population had antibody to type one, 92% to type two and 28% to type three. These data
indicate a high incidence of orally transmitted polio Infection in this population over the first few years
of life.
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Almost 50% of children under the age of one year had experience with group B awbovirus lfections
(Table 2). This figure dropped significantly in the second year of life to 380 but rose rapidly approach.
Ing 100s by the fourth year of life. Antibody to group A arboviruses rose more slowly, being present
in 26n of children studied under one year of age. As with group B arboviruses, antibody prevalences
fell during the second year. After that, group A antibodies rose more slowly than group S, approaching
100* by 13 years of age.

Twenty-nine individuals or So of this population were found to be Hils antigenemic at the time of
collection (Table 3). HBsAg was found In 4.6. of children under four years of age and rose to about
19. by the age of 15 - 19. The age specific point prevalence of anti - iBs remains to be determiBed.

DISCUSSION: A conclusion from this work is that vaccination against poliomyelitis In this population is
indicated for children under the age of four years.

These data Indicate extremely rapid transmission of both polio (acquired by the oral route) and group A
and B arboviruses (acquired by the parenteral route). HBsAg appeared In very young children but It
reached a peak prevalence later than that of polio or arbovirus antibody (Figure 1).

The prevalence of antibody to HBsAg has not yet been determined. It remains to be seen whether the
transmission rate of HBV is similar to that of polio or arboviruses or occurs at a slower rate. Experience
in ?cngkok, with a lower soclo-economic housing development suggests that the latter might be the case.

REFERENCES:

1. Snltbhan, R., et al: SEATO Medical Research Laboratory Annual Progress Report, 1973--1974.

2. Lennette, E.H. and Schmidt, N.J. (ed.): Diagnostic Procedures for Viral and Rickettsial Infections,
ed. 4, New York: American Public Health Association, Inc. 1969.

3. SEATO Medical Research Laboratory Annual Progress Report, 1971 -1972.
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Teble 1. Ago Specifi Point Prevalence of Polio Neutralizing Aetibody In eeNiests of Pboom-Peos

Age No. Negative Positive Ab Positive Neutralizing Autibody to

all 3 types all 3 types Polio 1 Polio 2 Polio 3

(years) Tested . . .... ... .. ..
No. • No. S No. No. % No. ,

0-1 20 15 75.00 2 10.00 3 15.00 3 15.00 3 15.00

1-2 29 12 41.38 1 3.45 10 34.48 6 20.69 11 37.93

2-3 15 1 6.67 2 13.33 8 53.33 4 26.67 10 66.67

3-4 22 7 31.82 4 18.18 11 50.00 10 45.45 8 36.36

4-5 25 1 4.00 2 8.00 14 56.00 17 68.00 12 48.00

5-6 36 1 2.78 9 25.00 26 72.22 29 80.56 20 55.56

6-9 36 2 5.56 18 50.00 23 63.88 31 86.11 25 69.44

9-12 21 1 4.76 13 61.40 15 71.42 18 85.71 17 80.95

12-15 40 0 0 26 65.00 34 85.00 37 92.50 33 82.50

15-20 30 1 3.33 16 53.33 23 76.67 28 93.33 20 66.67

20-25 50 2 4.00 26 52.00 36 72.00 45 90.00 32 64.00

25--30 30 3 10.00 15 50.00 23 76.67 26 86.67 16 53.33

30-35 15 1 6.67 7 46.67 12 80.00 14 93.33 8 53.33

35-40 1 0 0 1 100.00 1 100.00 1 100.00 1 100.00
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Tabo 2. Age Specific Point Prevalence of M41 Antibody to Mosquito.borne Arbovlrvses
In Residents of Phnom-.Penh

No Ab to both Positive Ab to both Positive Ab Positive Ab
Age NO. Or. A and Or. 8 Gr. A end Or. I to Gr. A to. Gr. S.

(years) Tested No. No. No. No. s

0-1 19 8 42.10 3 15.79 5 26.50 9 47.36

1-2 29 18 62.00 5 17.24 5 17.24 11 37.93

2-3 15 4 26.70 3 20.00 3 20.00 11 73.33

3-4 23 1 4.34 6 26.08 7 30.43 21 91.30

4-5 25 3 12.00 7 28.00 7 28.00 22 85.00

5-6 35 4 11.42 14 40.00 15 42.85 30 85.71

6-9 36 2 5.56 19 52"78 19 52.78 34 94.44

9-12 21 1 4.76 13 61.90 13 61.90 20 95.24

12-15 39 0 0 36 92.30 36 92.30 39 100.00

15-20 29 0 0 24 82.75 24 82.75 29 100.00

20-25 50 0 0 49 98.00 49 96.00 5 50 100.00

25-30 30 0 0 30 100.00 30 100.00 30 100.00

30-35 15 0 i 0 14 i 93.33 14 93.33 15 100.00

35+ 1 0 0 1 i 100.00 1 100.00 1 100.00
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TabI. 3. AV Spo-f. Pol.9 Preveleene of HWAg Is Reddeht of Pb.om -Poeh

Male Female Togal

No I HMsAo+vo N HBsAg+ve HAsAo+vo
(years) No. No. _-.

Nyetd ". Tested No. % Tested No.Tt

0-4 55 4 (7.3) 53 1 (1.9) 106 5 (46.)

5-9 35 2 (5.7) 46 3 (6.5) 81 5 (6.2)

10-14 20 4 (20.0) 31 4 (12.9) 51 8 (15.7)

15-19 9 2 (22.2) 23 4 (17.4) 32 6 ('6.6,

20-29 3 1 (33.3) 68 4 (5.9) 71 5 (7.0)

30-39 2 0 (0) 16 0 (0) 18 0 (0)

Total 124 13 (10.5) 237 16 (6.8) 361 29 (6.0)
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Psmtce.s Isn WIrds aid MSS

Principal Imvestigators, Vichol Samgkasuwan, LTC, MC, ITA
Maolt Kanvalle., Fly. Off. , VC, RTAF
Krasare Nabnean, LT, MSC, RTA

OBJECTIVE: To survey the prevalence of psittocosis in birds and man.

BACKGROUND: No report on psittacosis has been made In Thailand, although parakeets and other birds
are common pets in this country.

DESCRIPTION: Dead birds were obtained from a local animal and bird dealer. Their blood was collected
for a complement fixation (CF) test and the suspension of liver and spleen was inoculated Into mice and
guinea pigs In an attempt to Isolate the psittocosis agent.

Paired sera were collected from patients suffering from pneumonitis and examined for the presence of
psittacosis CF antibody.

PROGRESS: The results of Isolation attempts are shown in Table 1.

Table 1. Result of the Isolation Attempts for Bedsonlo

Month, Year No. of Birds Examined No. Positive

Nov 74 152 0

Dec 503 0

Jan 75 303 0

Feb 406 0

DISCUSSION: Twenty-eight species of birds including parakeets were obtained from the local animal
and bird dealer. Unfortunately the birds often died-at night and were left at ambient temperature and
the examination was not mode until.the following morning. This, perhaps, contributed to the difficulty in
isolating the agent.

88



BACTERIAL DISEASES OF MAN AND ANIMALS



Cheoglg PenlcllIm eslstasce of the Goseeccus In Theaied

Principal Investigators, Michael R. Spence, MAJ, MC
Douglas R. Stutz, MAJ, MSC

Aisoclate Investigatorst Chempen Srlounta, 8.3.
Chlraphun Ouangmani, M.D.

OBJECTIVE: To determine If the penicillin resistance of the gonococcus In Thailand Is changing.

BACKGROUND: Although the relative resistance of the gonococcus to penicillin has been shown to be
decreasing in two geographical locales (1,2), most reports indicate that the organism Is becoming more
resistant at a very alarming rate (3, 4).

DESCRIPTION: Test organisms consisted of all clinical isolates of N. gonorrhoeae submitted for
confirmation to the Department of Microbiology, SEATO Medical Research Laboratory, Bangkok, Thailand
between 1 January 1972 and 31 December 1974. Specimens were clinical isolates submitted from clinical

facilities In Thailand. These facilities included: Royal Thai Army Hospital, Bangkok ; US Army Hospital,
Bangkok; and SEATO Medical Research Laboratory venereal disease field unit. The number of Isolates
evaluated was: 752 In 1972; 622 In 1973 ; and 867 in 1974.

All organisms were confirmed to be N. gonorrhoeae by standard techniques previously reported.

Organisms confirmed as N. gonorrhoeae were grown on P8 plates (Proteose # 3 agar + Is Hemoglobin
+ 15 isoVllaleX*) overnight. The colonies were scraped off with a sterilized swab and heavy suspensions
were prepared in tryptose phosphate broth. The suspensinos were standardized spectrophotometricaily
(Coleman Jr. II, Spectrophotometer, Coleman Instruments Maywood, ill.) with a BaSO4 solution (0.5 ml

159 BaCI2 + 99.5 ml 1 Z H2SO41 to a final bacterial count of 107 colony farming unitslml. Inoculum-

replicating equipment (Div. of Instrumentation, Walter Reed Army Institute of Research, Walter Reed Army
Medical Center, Washington, D.C.) placed 0.001-0.003 ml of Inoculum in a spot on the surface of a
plate containing Mueller-Hinton Agar + 5s defibrinated, chocolatized sheep blood and added is
IsoVitaleX. Serial dilutions of penicillin G were added to the plates for penicillin minimum Inhibitory
concentration (MIC) determinations. The concentrations tested were: 0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0,
1.2, 1.4, 1.6, 1.8 and 2.0 units/ml. One additional plate to which no penicillin was added was also
evaluated. A Staphylococcus strain, S. oureus ATTCC 6538 P was used as a control for the penicillin
content of the plates. The plates were stored at 4"C after preparation and were employed within three
days. Before use the plates were dried of excess moisture in the incubator. No moisture droplets were
on the surface of the media or petri dish lids when inoculations were made. The inoculated plates were
evaluated after overnight Incubation (20-24 hrs.). The MIC was determined as the smallest concentration
of antibiotic required to Inhibit growth completely. In reading the plates, a barely visible haze of
possible growth or a single macroscopic colony was disregarded.

Three study populations consisting of all isolates submitted within a given calendar year were compared.
in order to apply statistical methods In evaluating the data all isolates with MIC's of less than 0.5
units/ml or more than 2.0 units/ml were excluded. Thus the MIC data for 14 organisms in 1972, 27 in
1973 and 130 In 1974 were not used in calculating means, standard errors and significance of differences.
The MIC results of 362 organisms collected between April 1972 and January 1973 have been discussed.
elsewhere (5). Analysis of variance was utilized to determine if between-group differences existed (6).
Student's t test for unpaired variates was employed to determine the significance of differences between
the mean MiCs of the organisms tested within a given year (6).

* Baltimore Biological, Cockeysville, Maryland 21030, U.S.A.
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PROGRESS: The mean penicillin minimum inhibitory concentration ± 2 standard errors for gonococci
isolated In 1972, 1973 and 1974 were 0.58 ± 0.02, 0.72 - 0.04 and 1.05 ± 0.04, respectively.
Analysis of variance for between-group differences of these three populations was significant (F = 215.5,
df = 2067, p<0.001 ).

MIC data obtained In 1972 was significantly different from that of 1973 (p<0.001 ). An Identical result
was found when the 1973 data was compared to 1974 (p<0.00 I).

The data are graphically represented In Figures 1, 2 and 3. Each year the proportion of Isolates with
a penicillin MIC of more than 2.0 unitslml increased. The mean MIC 4 2 S.E.'s for each of the three
years is displayed in Figure 4. Calculations of means and standard errors in Figure 4 were performed
excluding the data extremes as explained above.

SUMMARY: Penicillin minimum Inhibitory concentrations (MIC) were determined for 2241 gonococcal
Isolates submitted to the SEATO Medical Research Laboratory between 1 January 1972 and 31
December 1974. Isolates were separated Into three groups, determined by the calendar year in which
they were submitted. The mean penicillin MIC ± 2 standard errors was calculated for 'each of the three
groups. These values were 0.58 -±- 0.02 In 1972, 0.72 ± 0.04 in 1973, and 1.05 ± 0.04 in 1974. These
means were found to be significantly different (p<O.O01).

REFERENCES :

1. Odegoard, K., Gassing, H.C.: Is Gonococcal Sensitivity to Antibiotics Increasing in Norway Brit.
J. Vener. Dis. 43:284-286, 1967.

2. Olson, G.A., Lomholt, G.: Gonorrhea Treated by a Combination of Probenecid and Sodium Penicillin
G. Brit. J. Vener. Dis. 450144-148, 1969.

3. Martin, J.E. Jr., Lester, A., Price, E.V., Schmale, J.D.: Comparative Study of Gonococcal Susceptibility
to Penicillin In the United States, 1955-1969. J. infect. Dis. 122.459-461, 1970.

4. Willcox, R.R.: A Survey of Problems in the Antibiotic Treatment of Gonorrhea with Special Reference
to South East Asia. Brit. J. Vener. Dis. 46:217-242, 1970.

5. Brown, S.T., McMinn, T.: Treatment of Acute Gonococcal Urethritls in Bangkok, Thailand. Brit. J.
Vener. Dis. 50:298-302, 1974.

6. Batson, H.C." An Introduction of Statistics in the Medical Sciences, Chicago: Chicago Medical Book
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Principal Investlgotors, Douglas It. Stutz, MAJ, M3C
Michael I. Spoace, MAJ, MC

Associate Investigator, Chlraphun Duangmani, M.D.

OBJECTIVE: To compare the prevalence of Neisserio gonorrhoeao infections In a prenatal population of
U. 3. military dependents to a prenatal population of Thai civilian and a mon-pregnant population of
female military dependents.

BACKGROUND: Neisseria gonorrhoeoe was Isolated In 16u of 150 pregnant U.S. military dependents (1).
Of the 24 positive cultures 23 were obtained from the oropharynx. In view of this finding it was felt
that similar studies of Thai prenatal patients and non-pregnant U.S. military dependents should be
performed.

DESCRIPTION: identical techniques to those previously described (1) were employed to obtain specimens
from prenatal patients attending the Obstetrics Outpatient Clinic of Women's Hospital, Bangkok, Thailand
during the first three months of 1974. A culture of the oropharynx was obtained from all females between
the ages of 15 and 24 years who attended the U. S. Army Dental Clinic, Bangkok from I January 1974
to 30 March 1974. N. gonorrhoeae was isolated and confirmed by methods discussed previously (I).

PROGRESS: Positive cultures were obtained in 19 of 160 (11.9m) Thai patients attending Women's Hospital.
No positive cultures were obtained from the oropharynx in this group. Two of 114 patients (0.80) attend.

Ing the Dental Clinic had the gonococcus cultured from their oropharynx.

DISCUSSION: No oropharyngeal Infections were found In the patients attending the prenatal clinic of
Women's Hospital. These patients were predominately housewives and did not admit to the practice of
fellatio. The practice of fellatio Is not generally accepted In the culture of Thailand; therefore, one would
not expect to routinely find the Infection in the oropharynx if the mode of transmission is primarily genital
to oral.

The fact that oropharyngeal Infections of N. gonorrhoeae were detected in women visiting a dental clinic
on a routine visit suggests the possibility of this being a means of Identifying asymptomatic Infections.
The low proportion of positive subjects may partially be attributed to a slightly different subject population
in this group when compared to the other two groups. None of the single women admitted to sexual
activity, and although the older patients (35 and over) were still capable of childbearing, it is possible
that they had reached an age where the mental attitude, in general, Is toward not bearing children,
particularly If they are multiparous. Because of this possible change In attitude, the exposure of older
women may be less frequent and of a different nature than may occur in the younger age group. Another
possible cause for the observed difference between the two U. S. military dependent groups may be
related to dental care. Many Individuals may have brushed their teeth or used some form of cleanser for
their mouth and throat lust prior to the sample being taken, thereby making the organism more difficult to
recover for culture purposes.

REFERENCES:

1. Spence, M. R. , Stutz, D. R. , Duangmanl, C. : SEATO Medical Research Laboratory Annual Report,
1973-74.
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Effect of a Copper-Containing Intrauterine Device
on Neisseria gonorrhoeoae In vitro

Principal Investigators i Michael R. Spence, MAJ, MC
Douglas R. Stutz, MAJ. MSC

Associate Investigator: Wichlyan Ponlim

OBJECTIVE: To determine If a copper containing Intrauterine device (IUD) inhibits the growth of
Neisseria gonorrhoeae in vitro.

BACKGROUD: Copper possesses antifertility properties (1). It also Inhibits both adult and fetal cell
growth In tissue culture (2). Metallic copper and cupric Ion either kill or Inhibit the growth of
N. gonorrhoeae in vitro (3).

DESCRIPTION: Thayer-Martin selective media (G.C. Agar Base, hemoglobin VCN and IsoVItaleX,
Baltimore Biological Laboratories, Cockeysville, Maryland 21030 U.S.A.) was used for isolation.
Determinations of growth Inhibition by copper were made on a typing medium developed by Kellogg (4).
All plates were incubated at 36"C for 24 or 48 hours In candle jars in an Increased CO2 atmosphere.
Electrolytic copper wire, 0.5 mm In diameter, was cut to one inch lengths and sterilized by autoclaving.
An electrolytic copper plate was cut Into discs approximately 1.5 cm in diameter and sterilized by
autoclaving. The copper-containing IUD (Grovigard) was furnished by G.D. Seorle (Thailand) Ltd. and
was aseptically prepackaged. The strain of N. gonorrhoeoe used was Isolated from the urethral exudate
of a male with acute urethritis. The exudate was streaked directly on freshly prepared Thayer-Martin
media which was then incubated at 36"C in a candle extinction jar. The culture was inspected at 24 and
48 hour intervals and those colonies with gross morphology resembling Neisseria were sublected to Gram
staining and tested with oxidase reagent. All colonies of Gram negative diplococci that gave positive
tests with oxidase reagent were verified as N. gonorrhoeoe by sugar fermentation.

The copper wires, discs and copper -containing IUD were placed on Kellogg's typing medium previously
streaked with gonococci and incubated at 36*C for 48 hours under an Increased CO2 atmosphere.

PROGRESS: The copper wires and discs Inhibited the growth of N. gonorrhoea. as previously described
(3). in addition, the copper coil portion of the Gravigard IUD also inhibited the growth of the organism
(Figure 1). When the IUD was removed from the medium (Figure 2), it was observed that the presence of
the plastic portion of the IUD had also prevented growth; however, we believe that this was not due to
the plastic, but to the fact that the medium had been covered as no zone of inhibition was observed in
these areas. A similar absence of growth has also been observed when plastic tubing was placed on the
medium. The area surrounding the copper coil (approximately 2 mm on either side of the IUD), however,
did not have bacterial growth.

SUMMARY t This preliminary study suggests that the copper-containing IUD may play a useful role in
preventing gonorrhea. The solubIlizatlon of copper has been estimated at one microgram of copper per
day (3) which Is within the known bactericidal range in vitro suggesting that growth of N. gonorrhoeoe
may be inhibited for a period of time after the IUD has been inserted In the uterus.

REEFRENCES:

1. Zipper, J., Model, M., Segura, R., and Torres, L. : ClIn. Proc. I.P.P.E. South-East Asia & Oceania
Cong. 193, 1973.

2. Jones, R.W., Gregson, N.M., and Elsteln, M. t Effect of Copper-containing Intrauterine Devices on
Human Cells in Culture. Brit. Mod. J. 2:520, 1973.

3. Fiscina, B., Oster, G.K., Oster, G., and Swanson, J. t Gonococcocidal Action of Copper in vitro.
Am. J. Obstet, Gynecol. 116t86, 1973.

4. Kellogg, D.S. Jr., Peacock, W.L. Jr., Deason, W.E., et al: Neisserio gonorrhoea., I. Virulence
Genetically Linked to Clonal Variation. J. Bacterial. 85:1274, 1963.
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Figure 1. inhibition of the growth ot gonococci by 0 copper -containing

intrauterine device (Gravigard). A zone of inhibition indicated
by arrows at the margins may be seen surrounding the

copper-containing portion of the IUD

Figure 2. Inhibition of the growth of gonococci by a copper - containing
intrauterine device (Grovigord). The IUD has been removed
to better demonstrate the zone of inhibition. Although growth
has been inhibited in 'the area where the plastic was
present (arrows), it is believed that this is not due to
any peculiar characteristic of the plastic, rather to the media
being covered as discussed in the text.
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Microbial Flora Present in the Anterior
Urethra of Venereal Disease Patients

Principal Investigators: Gary D. Phillips, CPT, MSC
Michael 3. Spence, MAJ, MC
Somnuk Vibulsek, COL, MC, RTA'

Associate investigators; Tatsanoe Occaon, B.S.
Kanachana Leelasiri, B.Sc.
Wichlyan Poniom

OBJECTIVE: It is the purpose of this study to determine the microorganisms present in the anterior
urethra of males attending a Venereal Disease Clinic.

BACKGROUNDa Microorganisms isolated from patients with urethritis may be clearly pathogenic or they
may be organisms which are commonly associated with normal flora of the skin. Gram positive cocci have
frequently been implicated In non-specific urethritis (NSU) and urinary tract Infections (1, 2, 3). Anaerobic
organisms have been reported by various Investigators as pathogens of the genito-urinary tract (4,5).

DESCRIPTION, The patient population consisted of 72 men attending the Venereal Disease Clinic of the
Royal Thai Army Hospital, Bangkok, Thailand. Patient's ages ranged from 17-24 years (average 22.8).
The patients were separated into two groups. Group I consisted of all patirents presenting with symptoms
of urethritis. Group II were those patients with venereal disease other than urethritis. Both groups were
sexually active, and of the same age and socioeconomic position. Specimens for culture were obtained
from the anterior urethra of all patients using a calcium alignote naso-pharyngeal swab. The swab was

roll-streaked on various plated media Immediately after it was obtained. A duplicate specimen was obtained
from the anterior urethra for the culture of anaerobic organisms. All clinical specimens were Inoculated

Into three basic media s modified Thayer-Martin (TM) media (6), 5 w sheep blood agar plates (BAP),
and anaerobic broth media. The anaerobic media consisted of a pro-reduced broth (Basal Medium-PY

-Peptone Yeast) which was used as a transport medium until the sample could be transferred to chopped

meat media (7). The cultures were transferred to the laboratory at the close of the clinic (normally less
than two hours after collection) where they were streaked for Isolation.

The plate media were incubated at 35'C under increased CO2 tension (candle extinction lar). The samples
for anaerobic culture were removed from the basal media by piercing the rubber stopper with a sterile
needle and aspirating the fluid with a syringe. The specimen was then inoculated into chopped meat broth

media under a stream of CO2 gas rendered free of trace amounts of oxygen by passing through a heated

copper oven (Sargent Welch Scientific Co.). The tubes were sealed with rubber stoppers and shrinkable
cellulose sealing bands (.Pharmaceutical Laboratory, Perry Point, MD.). Simultaneously a 0.5 ml portion of
the basal media was inoculated onto duplicate BAP's and streaked for Isolation. The plates were Incubated
in an oxygen free atmosphere using Gas-Paks (Baltimore Biological Laboratories, Cockeysville, Maryland) at
37"C for 48 hours. When colonies developed they were subcultured to biochemicals for Identification.
The chopped meat broth cultures were observed for a maximum of two weeks and then discarded if bacterial
growth was not detected by Gram stain. if growth developed they were subcultured to BAP's and
Incubated anaerobically at 37"C for 24-48 hours. Colonies Isolated on BAP's were further subcultured
to biochemicals for identification. All biochemical subcultures were observed for a maximum of 14 days
before discarding.

I Department of Dermatology, Royal Thai Army Hospital, Bangkok, Thailand
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All aerobic plates were examined ofter 24 hours of Incubation for the growth of colooles with morphology
resembling that of Neisseria sp. in some cultures it was necessary to Incubate the plates an additional
24 hours before growth was adequate for evaluation. Suspect colonies were Identified as N. gonorrhoeae
on the basis of morphology, oxidase reaction, Gram stale, and sugar fermentations. Organisms which were
inhibited on TM media were evaluated using SAP's. Subsequent Identification employed tubeJ biochemical

media. Significance of differences between groups was determined by Chi-square testing employing

Yates correction (8).

PROGRESS: There were no significant differences In the recovery of Gram positive cocci between the

two groups. Anaerobic organisms were found only slightly less frequently than the Gram positive cocci.

They were isolated 10% more often In patients with urethritis as compared to those with other venereal
diseases (Table 1). This difference is not significant.

Neisseria gonorrhoeae was found in 40.5f of the patients in Group I. In Group II patients, 5.7 3 were

found to harbor N. gonorrhoeae, thus representing the asymptomatic carrier (Table 1).

Two patients were found to have Staphylococcus aureus and three had fecal organisms. None of these

occurred alone, but were found concomitantly with other Gram positive cocci and anaerobes. There were
no significant differences in the isolation of anaerobes and Gram positive cocci in patients with gonococcal

urethritis and non-gonococcal urethritis (Table 2).

Table 1. Microorganisms Found in the Anterior Urethra of Urethritls Patients

Compared with Those Having Venereal Disease Other Than Urethritis

V.D. Other Than Urethrilis

Organisms Found Urethrifis

(35 Patients) (37 Patients)

Gram-positive Cocci 29 (83%) 32 (87k)

Anaerobic Organisms 21 (60;) 26 (70%)

Anaerobes and Gram-positive Cocci 18 (51 z) 22 (59%)

Neisseria gonorrhoeae 2 (5.7*) 15 (41%)

Table 2. Microorganisms Found in the Anterior Urethra of Gonococcal (GC)
Urethritis and Non-gonococcal Urethritis Patients

G.C. Urethritis Non-G.C. Urethrifis
Organisms Found

(15 Patients) (22 Patients)

Gram--positive Cocci 4 (27*) 5 (23,)

Anaerobic Organisms 1 (6.7%) 2 (9.1%)

Anaerobes and Gram-positive Cocci 9 (60%) 12 (55%)

Neisseria gonorrhoeoe 1 (6.7%) 0

Fecal Organisms 0 3 (14*)
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DISCUSSION: Non-specific urethrills Is frequently a complaint of males attending military health clinics.

The cause of this condition Is currently unknown. Gram positive cocci, diphtherold bacilli, chlamydia,
and the T- strain of mycoplasma have all been aileged to be causative agents (6). Gram positive cocci,
have been found by some observers to be the cause of NSU. However, we found these organisms present
with nearly Identical frequencies in both of our study groups. it may be inferred from this observation
that while the Gram positive cocci may be pathogenic they are frequently present as opportunist commen.
sals. The susceptibility of the Individual may in some way lead to the disease state, but this is unclear
at this time.

Anaerobes were found in 60 % of our nonurethritis patients and 70 0 of those with urethritis. In another
sample population (unpublished observations) consisting of 17 normal healthy males, we found 15 (88U)
harboring anaerobes in the urethra. Anoerobes have been found in the urethra of both symptomatic and
asymptomatic males attending a venereal disease clinic. These findings confirm the presence of anaerobes
In the male anterior urethra. Swenson, et al, found anaerobic bacteria causative in 8096 of female genital
tract Infections (9). These organisms have also been found in normal vaginal secretiors (10). Therefore,
they should be considered as part of the normal microbial flora in both the male and female genital tract.
They may serve as sources of genito-urinary infections in susceptible sexually active males.
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As Ep|deml.lelcl "rv'y of Male$ with Urethrltis
Attesileg a Miflilary V. D. Clinic Is Tbailead

Principal investigators: Richard M. Price, 3$G

Michael R. Spence, MAJ, MC

Associate Investigatort Wichiyan Paniom

OBJECTIVE: To review data obtained from an informal questionnaire of male patients with a urethral
discharge and to correlate this information with their smear ard culture results.

BACKGROUND: A Venereal Disease Workshop (SEATO Medical Research Laboratory, June 1974) revealed
an increasing frequency of venereal disease among American military forces In Thailand. Little is known
of factors influencing this Increase. It is the purpose of this study to determine if Ihe sexual and social
habits of patients correlate with their smear and culture results.

DESCRIPTION: Data from 139 males presenting to the U. S. Army Dispensary, Camp Samaesan, Thailand,

were studied. An Informal questionnaire was verbally administered to each patient by a technician.

For all patients a smear of the urethral discharge was prepared, Gram stained and microscopically examined
for the presence of Gram negative Intracellular and extracellular diplococci morphologically resembling
Neisseria gonorrhoeae. A culture was obtained by Introducing a calcium alginate nasopharyngeal swab into
the anterior urethra. Appropriate media were streaked for the isolation of anaerobes, aerobes and
N. gonorrhoeae.

PROGRESS: The information obtained by questionnaire is currently being correlated with the laboratory
results.
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Resistance of Gibbons IHylobotes lor) to Gonoccccal Infection

Principal InvestigatorsI Chaufah Thongthal, Ph. D.1
Douglas R. Stutz, MAJ, MSC

Associate Investigators: Stitaya Sirisinha, D.M.D. , M.S., Ph. D.1
Apinya Asavanig, M.S.'

Markpol Tingpalopong, D.V.M.

OBJECTIVE: To determine If the white-handed gibbon (Hylobatcs lar) would serve as a satisfactory host
for experimental Infection with Neisseria gonorrhoeae.

BACKGROUND: Attempts to produce N. gonorrhoeae Infection in gibbons were previously unsuccessful
at SEATO Medical Research Laboratory (1). This study is a continuation of that investigation.

DESCRIPTION: Adult male gibbons were inoculated intra-urethrally with 5 x 106 gonococcal colony

forming units (CFU) from urethral exudate of ten male patients. The animals were observed for 30 days
with daily urethral cultures obtained throughout the testing period.

Urethral exudate gonococci (GC) were incubated at both 39°C (gibbon body temperature) and at 360C.
After Incubation CFU's were determined for both incubation temperatures. For comparison, cultures of type
one GC (F 62) were also incubated at 39°C and 36°C and CFU's observed.

The gonococcocidal activity of gibbon blood leukocytes was measured. This was accomplished by incubating
a mixture of type one GC and leukocytes at 39'C in the absence of serum.

RESULTS: All four gibbons inoculated with urethral exudate showed elevated leukocyte counts and
developed a clear discharge, but yielded negative results for urethral smears and cultures for N. gonorrhoeoe

throughout the 30 days of observation. Urethral exudate gonococci incubated at 39°C showed decreased

numbers of CFU when compared with Incubation at 36°C. Stock cultures to type one GC (F 62) produced

analogous results at both temperatures. In the measurement of the gonococcocidal activity of gibbon

leukocytes, it was found that killing was negligible (mean = 53,%) at 60 minutes but became significant
(mean = 78%) at 120 minutes of Incubation.

PROGRESS: We previously rerorted that type one GC (F 62) incubated as above with human leukocytes

were not significantly killed (mean = 40%) at 120 minutes of Incubation. That data in combination with

the present results suggests that the relatively more efficient gonococcocidal activity of gibbon leukocytes

may play a role in the resistance of gibbons to gonococcal Infection.

REFERENCES:

1. Thongthal, C. F., Stutz, D. R. : SEATO Medical Research Laboratory Annual Report, April 1973-74.

'Department of Microbiology, Faculty of Science, Mahidol University
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Clinicel Obarvelin of Vibrlo paraAemaolytilc iefcfloot Ii TJilJI.d

Principal Investigators i Chlraphun Duangmani, M.D.
Udom Lexomboon, M.D., Ph.D.
Prakorb Boonthal, M.D., Ph.D., DTM&H'

Associate Investigators t Sobhon Tirajitaa, M.D.'
Santisook VibulbuditkilJ, M.D.'
Banchang Thanangkul, M.D.'
Siriwan Honorasethkul, M.D.'

Assistant Investigators: Chetana Malphoom'
Chanpen Srimunta

OBJECTIVE: To determine the clinical pattern of V. parahemolyticus gastroenteritis In Thai patients, and
to evaluate the efficacy of common antimicrobial agents in the treatment of the disease.

BACKGROUND: Studies on V. porahemolyticus Infection in Thailand were Initiated by SEATO Medical
Research Laboratory (SMRL) in 1970. The preliminary study indicated that V. parahemolyticus was a
major cause of gastroenteritls in adults In Bangkok (1). At the Bumrasnaradura Infectious Disease
Hospital, located in Nonthaburi, this organism was Isolated from approximately 25s of the diarrheal
patients. Throughout the year the marine environment, (sea water, fish, crabs, oysters) was found heavily
contaminated with this halophilic bacillus; therefore, sea foods are implicated as the major source of the
V. porohemolyticus diarrheal outbreaks in this community. The detailed clinical picture of this disease, its
mode of transmission in Thailand, and the efficacy of antimicrobial therapy has not previously been
described.

DESCRIPTION: All patients admitted to the Infectious Disease Hospital, Nonthaburl, with symptoms of
acute gastroenteritis between September 1973 and August 1974 were includid in the study. Rectal swabs
for bacterial cultures were obtained daily for three consecutive days. Those patients with positive stool
cultures for V. parahemolyticus were selected for the study.

A detailed history of the illness, and clinical findings were recorded. Blood cultures, leukocyfe counts,
urinalysis, and serum electrolyte determinations were made on the first day of admission, ar.d subseqeutntly
as Indicated.

Patients were randomly divided Into one control group and two test groups. The control group received
a placebo plus symptomatic and supportive therapy. One test group received co-trimoxazole (two adult
tablets two times a day for five days) plus symptomatic and supportive therapy. The remaining group
received oral tetracyllne (40 mg/kg/day for five days) plus symptomatic and supportive therapy. Rectal
swabs in each group were obtained and cultured daily for seven days or until cultures were negative for
V. parahemolyficis for the three consecutive days.

RESULTS: Two hundred and twenty eight patients admitted to the hospital during the study period were
found to harbor V. parahemolyticus in their diarrheal stools; of these patients 133 were available for

clinical evaluation.

Forty three patients were treated with co-trimoxazole, 42 with tetracycline, and 48 were given placebos
as a control. All patients were characterized in terms of age, sex, and duration of illness before therapy.
These variables were comparable in all three study groups (Table |).

T Bumrasnaradura Infectious Disease Hospital, Nonthaburl, Thailand.
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Table 1. Description of the 133 Patients Studied by
Age, Sex and Duration of Illness

Characteristic Placebo Tetracycline Co-trimoxazole

Age (Years)

Less Than 20 8 7 10
20-40 28 22 20
40-60 9 10 10
More Than 60 3 3 3

Sex

Maoe 30 30 27
Female 18 12 16

Duration of Illness
before Therapy

Less Than One Day 47 40 43
One-Two Days 1 2
Total Patients 48 42 43

Table 2. Clinical Findings of V. parahemolyticus
Gastroenteritis in 133 Patients

Clinical Features No. of Patients

Symptoms and Signs

Abdominal Pain 132 99
Abdominal Distension 59 44
Abdominal Tenderness 6 5
Vomiting 118 89
Fever 59 44
Headache 43 32

Characteristics of the Stool

Watery 102 76
Semisolid 30 22
Bloody I 1
Mucus 1 1
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The disease was characterized by acute, profound diarrhea with nausea and vomiting. The predominant
symptom was colicky abdominal pain. Fever and headache were observed to a lesser degree. The stool
was watery or semisolid without blood or mucus in the majority of cases (Table 2).

Antimicrobial Sensitivity: Sensitivity profiles are presented in (Table 3). Using the standardized single
disc method of Bauer and Kirby (2), It was found that the majority of the isolates (78% to 100%)
ware sensitive to chloramphenicol, tetracycline, co-trimoxazole, neomycin, erythromycin and streptomycin.
Only 6 , and 62 % of the vibrios tested were sensitive to ampicillin and colistin, respectively.

Response to Antimicrobial Agents : Antimicrobial therapy trials comparing oral tetracycline, co-trimoxazole
and placebo were performed. There was no great difference in terms of clinical response (Table 4) or
bacteriological response (Table 5) among the three groups studied. The majority of patients in each grcup
had negative vibrio stool cultures after four days of therapy.

DISCUSSION: in this study only the severely ill patients requiring hospitalization are presented. The
clinical syndrome which we observed in these patients may represent only the severe form of the infection.
A complete clinical picture of the mild form of the disease needs to be described. Dehydration was not
as severe as that seen in infection with Vibrio cholera. Intravenous fluid therapy was required only for
the first few days of the Illness. Localization of the infection in the lumen of the intesline is suspected
due to the presence of diarrhea without bacteremia, leukocytosis or tbxic symptoms (Table 6). Previous
experiments on the p:3th•osnicity of V. parahenolyticus using the Infant rabbit model Indicated that the
organism elaborated toxic substances, presumably enterotoxins, into the intestina: fluid (1I). Enterotoxins
may play a major role in the pathogenesis of this disease.

REFERENCES:

1. Lexomboon, U., Duangmani, C., McMlnn, M.T. : SEATO Medical Research Laboratory Annual Report,
April 1972.

2. Bauer, A.W,, Kirby, W.M., Sherris, J.C., and Turck, M. : Antibiotic Susceptibility T'.sting by a
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Table 3. Sensitivities of 228 Strains of V. parahemolyticus to Eight Antimicrobial Agents

Sensitive Intermediate Sens. Resistant
A ntimicrobial A gents . ..... .... ...

No. Strain % No. Strain No. Strain

Co.trimoxazole 228 100 - -

Tetracycline 197 86.4 31 13.6

Chloramphenicol 228 100 -I

Ampiclllin 2 0.9 12 5.3 214 93.8

Neomycin 98 43 128 56.1 2 0.9

Colistin 70 30.7 72 31.6 P6 37.7

Streptomycin 36 15.8 141 61.8 51 22.4

Erythromycin 167 73.3 60 26.3 1 0.4
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Table 4. Clinical Response to Antimicrobial Therapy In 133 Patients

No. Improved. Days after Treatment

Regimens No. ofRegimens Patients . .. ..
1 2 3 4 5 6 7 Unknown*

Placebo 48 - 5 13 11 10 4 - 5

Tetracycline 42 1 9 10 14 2 - 2 4

Co-trimoxazole 43 1 5 15 12 7 1 - 2

*Unknown = Patlants excluded from the s-udy because of Incomplete study schedule.

Table 5. Bacteriological Response to Antimicrobial Therapy In 133 Patients

No. with Positive Stool Culture, Days after Treatment
No. ofRegimens Patients

2 3 4 5 6 7 Unknown*

Placebo 48 7 20 14 6 - -i

Tetracycline 42 10 1i 12 - I - 1

Co-trimoxazole 43 12 19 7 3 1 1 -

*Unknown = Pati6ats excluded from the study because of incomplete study schedule.
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Table 6. Laboratory Findings of V. porahemolyticus
G astree pteritis

Laboratory Findings Patients

Total Loukocyto Count (per cu mm.)

Less Than 8,000 63 47.7
8.000-10,000 32 24.2
10,000-15,000 30 22.7
More Than 15,000 7 5.3
Total Number of Patients Tested 132

Serum Sodium (MEq/L)

Less Than 130 0
130-150 63 79.8
More Than 150 21 20.2
Total Number of Patients Tested 104

Serum Potassium (MEq/L)

Less Than 3.5 12 11.5
3.5-5.5 88 84.6
More Than 5.5 4 3.6
Total Number of Patients Tested 104

Blood Culture (No growth) 133 100.0

109



Cholera Study at Samutsongkram

Principal Investigatorst Vichal Sangkasuwan, LTC, MC, RTA
Viral Salitula, M. D.1

OBJECTIVE: To Investigate the carrier state of cholera in apparently healthy persons.

BACKGROUND: According to the data presented In 1974 by the Ministry of Public Health, cholera has
occurred throughout the year in 33 of the 71 provinces. This gives the impression that cholera might have
become endemic in some areas of Thailand. Most patients with cholera are free of V. cholerae within two
weeks and there appears to be no true carrier state. It Is suspected, however, that direct man to man
Infection might play an important role in spreading the disease.

Samutsongkram was selected as a study site because the first case of the cholera "season" (late cool dry
to early hot dry seasons) has usually been reported from that area.

DESCRIPTION: An attempt has been made to Isolate V. cholera. from apparently healthy persons in
Samutsongkram and also from patients recovering from cholera. Water samples were collected from the
nearby river and were subject to similar isolation attempts.

An attempt has also been mode to isolate V. cholerae from the stools of patients convalescing from diseases
other than diarrhea, after receiving a cholagogue (Veracolate).

PROGRESS: The number of stool and water specimens collected between June 1974 and March 1975 and
the results of the isolation attempts are shown in Table 1.

DISCUSSION: It was rather difficult to follow the patients convalescing from cholera at home in order to
get the stool specimens for re-examination. Lack of cooperation of the patient was also a problem. It
is too early yet to draw any conclusion from the data collected so far.

1 Central Epidemiology Office, MIaJitry of Public Health, Bangkak, Thailand
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Table 1. Chblere Slty (3n44.vhagrem)

Focal Specimens Woher Speclmons

Month Healthy Persons ConvalescentHealty PesonsPatients

Year I

No. V. cholerae NAGa No. V. choler.e NAG No. V. cholerae NAG

June 1974 102 0 3 (3 )b 5 0 5

July 103 0 2(2) 44 0 0 6 0 6

August 143 0 7(5) 87 0 5(6) 6 0 8

September 144 0 9(7) 47 0 9(20) 6 0 6

October 134 0 20(15) 65 0 7(10) 0 0 0

November 113 0 3(3) 67 0 3 (5) 0 0 0

December 102 0 13(13) 61 0 3(5) 0 0 0

January 1975 121 0 43 (35) 66 0 20(3) 4 0 4

February 97 0 31 (30) 56 0 10(20) 7 0 7

March 98 3€ 27(27) 67 0 3(5) 8 0 8

a. Non.ogglutinable vibrios.
b. Number positive (percent).
c. V. cholerae, biotype Elfor, Serotype Ogawa (Contact cases suspected).
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Detection of Specific acterlei Astigen by

Counterimmunoelectrophorosis (CEP)

Principal Investigators, Richard M. Lampe, MAJ, MC

Pramuan Sunakorm, M. D.'

Tawes* Cottipitayasvneodh, M. D.'
Douglas R. Stutz, MAJ, MSC

Associate Investigator, Mr. Thamma Sakulkalpeera

OBJECTIVE: To defect specific bacterial antigen in Infected body fluids by CEP and to compare the
presence of antigen with bacteriological studies of the some specimens.

BACKGROUND: Pneumococcal and Hemophilus influenza b capsular antigens have bee* detected in the

cerebrospinal fluid (CSF) of patients with purulent meningitis at Children's Hospital. H. influenza b antigen
has also been detected in subdural effusions from patients with H. influenza b meningitis and in the

pericardial fluid from a patient with a pericardial effusion, while pnoumococcal antigen has been detected
in pleural fluid obtained from patients with pneumococcal empyema.

Bacterial antigen has been detected when Gram's stain and culture results have been negative, thus
providing an etiologic diagnosis despite negative bacteriological studies.

DESCRIPTION: CEP was carried out on a variety of body fluids, CSF, subdural fluid, pleural fluid
and serum. CEP using commercial antisera against H. influenza b, pneumococcus and meningococcus type
A-D; and antisera prepared In rabbits against Staphylococcus aurous was carried out by a previously
described method (I).

PROGRESS: H. influenza b antigen was detected in the Initial CSF of 16 patients with purulent meningitis

(Table 1). Eight patients had positive Gram's stain and cultures for H. influenza b. Four patients had

negative Gram's stains.

Table 1. Detection of H. influenza b Antigen

Positive specimens Antigen
Fluid

- - duration

Source Gram's Culture CEP (mean

stain (mean days)

CSF 8 12 16 3.8

Subdural 1 1 6 9.1

Pleural 0* 0* 4 Not done

Serum Not done Not done 4 4.6

"1 Specimen : Escherichia coll

1 Children's Hospital, Rejvllhi Read, Bangkok, Thailand



"stlen and positive cultures, gad faur paIleuts' hed both negative Gram's stain and cultures. in eleven
patients repeat CSF samples were studied and tho moan duration of H. influenza b antigen wes 3.S days
(range 0 -11 days). Subdural effusions were present In six patients with H. influenza b meningitis. One
was Gram's stain and culture positive for H. influenza b, the remainder were negative. The mean duration
of antigen in subdural fluid, from the day of admission, was 9.1 days (range I - 16 days).

H. influenza b antigen was detected in pleural fluid from four patients. One patient had Escherichio coli
on Gram's stain and culture of the pleural fluid while the remaining patients had negative Gram's stains
and cultures. One of these remaining patients had purulent meningitis and a subdural effusion also;
H. influenza b antigen was detected In these fluids as well.

H. influenza b antigen was found in the sera of four meningitis patients with a mean duration of 4.6 days
(range 2-6 days) from the day of admission.

Table 2. Detection of Pneumococcal Antigen

Positive specimens Antigen
Fluidduration

source Gram's CultUre CEP (moan days)

stain

CSF 3 5 11 4.3

Subdural 2 2 2 3.5

Pleural 6 7 15 15.2

Serum Not done Not done 3 10.7

Pericardial 1 1 1

Pneumococcal antigen was detected In the initial CSF fluid of 11 patients with purulent meningitis (Table 2).
Three patients had positive Gram's stain and five patients had positive cultures for pneumococci. In nine
patients repeat CSF samples wore studied and the moan duration of pneumococcal antigen was 4.3 days
(range 0-11 days). Subdural effusions were present in two patients with pneumococcal meningitis; both
were culture positive and Gram's stain positive. Antigen was detected three and four days after admission.

Pneumococcal antigen was detected In the pleural fluid from 15 patients. Six had positive Gram's stain

and seven had positive cultures for pneumococci. The mean duration of antigen in pleural fluid was 15.2
days (range 0-44 days).

Pneumococcal antigen was present in the serum of two patients with meningitis and one patient with
empyema for an average of 10.7 days (range 4 - 15 days) after admission.

Ono patient with a pyopercardlum had pneumococcal antigen detected In the pericardial fluid, which was
also Gram's stain and culture positive for pneumococci.

Staphylococcal antigen was detected in the pleural fluid from 13 patients. Only one had a positive
Gram's stain and nine had positive cultures. Stophylococcal antigeno was detected in fluid from other sites
in individual patients as well (Table 3).
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Table 3. Detectioa of $tophylococal Amtlgee

Positive specimens
Fluid
source Grao's Culture CEP

stain

Pleural 1 9 13

C$F 0 0 1

$ubdural Not do"e 0 1

Abscess 1 1 1

Pericardial 1 1 1

DISCUSSION: Employing specific antisera to detect H. influenza b, pnuumococcal and staphylococcal
antigen by counterimmunoelectrophoresis has been useful In providing a rapid etiologic bacterial diagnosis
of cases of purulent meningitis and empyema. This technique detects bacterial antigen when Gran's stains
and cultures are negative, thus It appears to be a useful adjunct to routine bacteriologic methods. One
cross reaction of H. influenza b antlsera with Escherichia col, from pleural fluid was noted, and this may
limit the usefulness of the procedure should more frequent cross reactions be observed.

REFERENCES:

Coonrod, J. D. and Rytel, M. W. a Determination of Etiology of Bacterial Meningitis by Counter - lmmunvo.
electrophoresis. Lancet 1: 1154, 1972.
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Astlblec-hoslstaut Typhoid Fever

Principal Investigators, Richard M. Lampe, MAJ, MC
Chiraphum Duangmani, M.D.
Pethai Mansuwan, M.D.,

Associate Investigators: Douglas R. Slutz, MAJ, MSC
Suchitra Nimmannltya, M.D.1
Narekul Surapatana, 1.Sc.2

OBJECTIVE: To determine the prevalence and degree of antibiotic resistance among Salmonella typhi
Isolates from typhoid fever patients at Children's Hospital and to correlate the in vitro pattern of resis.
tance with the phage types of S. typhi and the clinical response to therapy.

BACKGROUND: Antibiotic- resistant strains of S. typhi have been Isolated from patients with typhoid
fever at Children's Hospital. These S. typhi strains have resistance patterns and transferable R factor
similar to strains Isolated from Mexico, India and Vietnam. Chloramphenicol has been Ineffective therapy
in patients infected with Chioramphenicoi-resistant S. typhi.

DESCRIPTION: isolates of S. typhi from patients with clinical typhoid fever at Children's Hospital were
obtained and disc sensitivities performed by the Kirby-Bauer method, and minimal inhibitory concentrations
(MIC) by the plate dilution technique. S. typhi isolates from other ports of Thailand, and from Cambodia
and South Vietnam were similarly studied.

The presence of R factor in antibiotic resistant strains was determined by the transfer of antibiotic
resistance to a sensitive strain of Escherichio coli.

Phage typing of the S. typhi strains was performed through Dr. E.S. Anderson at the Enteric Reference
Laboratory, London, England.

PROGRESS: Forty-four S. typhi Isolates from Children's Hospital obtained between 28 March 1974 to 11
March 1975 were studied; seventeen (39s) were resistant to Chloramphenicol.

The Kirby-Bauer Disc method showed the resistance Pattern I, Chloramphenicol, Streptomycin, Sulfadlazlne,
and Tetracycline (C S Su T) in eight strains and the resistance Pattern 1i (Ampicillin C S Su T) in nine
strains.

The disc sensitivities are presented in Table I and the minimal inhibitory concentrations to Chloramphenicol,
Ampicillin and Trimethoprim/Sulfamethoxazole (TMP/SMZ) are illustrated in Figure 1. In Figure 1 the MIC
for TMPISMZ refers to the agm/ml of TMP in a 1:20 ratio of TMP:SMZ.

Each Chloramphenicol-reslstant strain of S. typhi possessed R factor capable of transferring Chloramphenlcol
resistance to a sensitive E. coli. The strains that were also resistant to Ampicillin transferred both
Chloramphenicol and Ampicillin resistance to sensitive E. coli.

Vi phage type results are available on S. typhi strains obtained from Children's Hospital since November
1973. Their distribution by Chloramphenicol sensitivity is Illustrated in Table 2. Most of the S. typhi
strains resistant to Chloramphenicol but sensitive to Ampicillin have been phage type 53. All of the
Amplciliin and Chloramphenicol resistant strains of S. typhi have beo pýhlge type D 1 (variant).

1 Children's Hospital, Bangkok, Thailand
2 Bacteriology, Women's Hospital, Bangkok, Thailand
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Table 1. Antibiotic Disc Sensitivity of
Salmonella typhi strains (44)

Antibiotic Sensitivity

(percent)

TMP/SMZ 100S

Kanamycin 100X

Gentamicin 100X

Cephalothin 100%

Ampicillin 80%

Chloramphenlcol 61%

Tetracycline 61%

Sulfadlazine 30%

Streptomycin O%

The 10 patients with phage type D 1 (variant) came from scattered locales in Bangkok and nine were
hospitalized during the months of May, June and July 1974. Initial therapy with Chloramphenicol or
Ampicillin was ineffective in these patients; however, therapy with TrimethoprimlSulfamethoxazole resulted
In satisfactory clinical Improvement.

Twenty five strains of S. typhi from Vietnam and ten strains of S. typhi from Slriral Hospital, Bangkok,
Thailand were confirmed to be resistant to Chloramphenicol by disc sensitivity and MIC. All of the strains
exhibited resistance Pattern I, C S Su T. No Ampicillin resistance was detected.

One S. typhi strain from Cambodia, and two from Songkla, Thailand were sensitive to Chloramphenicol.
One of seven strains of S. typhi from the Bumrasnaradura Infectious Disease Hospital exhibited resistance
Pattern I, while the remainder were sensitive to C5loramphenlcol. All of the 21 S. typhi strains from
Chiangmai were sensitive to Chloramphenlcol and Ampicillin.

DISCUSSION: The emergence of ChIoramphenicol-resistant S. typhi strains with demonstrable in vitro and
in viva resistance which was first noted in 1973 has continued and a number of strains have been resistant

to Ampicillin as well. All strains have been sensitive to TMPISMZ and satisfactory clinical responses have

been observed with this drug. The potential emergence of resistance of S. typhi to TMP/TMZ, remains;

however, since resistance to TMP/SMZ Is seen in other enteropathogens. Approximately 10Y6 of Shlgella
isolates at SEATO Laboratory during the past year have demonstrated in vitro resistance (disc method) to
TMP/SMZ. Continued surveillance of antibiotic resistance patterns of S. typhi will continue.

The association of certain phage types with antibiotic resistant strains of S. typhi suggests that certain
phage types are more likely to be associated with R factor. The phage type associated with antibiotic-
resistant strains of S. typhi are different than phage types noted in Mexico and in Vietnam and
determination of the phage type may prove useful in determining the source of Infection in the future.
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Table 2. Distribution of VI Phaeg Piage Types by Semsitivity (53 S. typhi strlais)

Chilorampheuicol Chlorampbeuicol
Phage type

sensitive resistant

A

D2 5

Mi 4

53 4 13*

ElO 3

Degraded Vi (7) 2

El I

E2 I

E3 I

D6 I

Degraded VI (8) 1

VI negative 1$

D I variant 10*

Total 28 25

* Pattern Is C S Su T
** Pattern I1: A CS Svu T
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Frequency of Glucose-6-Phosphate Dehydrogenase Deficiency (G-6-PD)
among Infectious Disease and Control Patients at Children's Hospital

Principal Investigators I Richard M. Lamp*, MAJ, MC
Michael W. Benensoa, MAJ, MC
Pethal Mansuwan, M.D.'
Sukachard Kirdpol, M.D.'
Suchitra Nimmannitya, M.D.'

O3JECTIVE To determine the frequency of erythrocyte G-6-PD deficiency among patier-ts hospitalized
with various Infectious disease; and outpatients free of serious disease, seen at Children's Hospital.

BACKGROUND: A high frequency of G-6-PD deficiency has been noted among Thai children with
typhoid fever at Children's Hospital. Additional children hospitalized with Infectious diseases Including
bacterial empyema, meningitis and osteomyelitis, tuberculous meningitis and typhoid fever were studied In
addition to outpatient controls to determine the frequency of G-6-PD deficiency.

PROGRESS: Children with bacteriologically confirmed diagnoses of empyoma, meningitis, osteomyslitis and
typhoid fever had G-6-PD determinations performed by the methemoglobin elution technique of Gall (I).

Children with the clinical diagnosis of tuberculous meningitis and supportive skin test and cerebrospinal fluid
chemistries were also studied as were 100 outpatient children judged by history and physical examination
to be free of serious bacterial disease.

Table I presents the frequency of G-6-PD deficiency according to bacterial etiology and sex of the
patients.

DISCUSSION: A high frequency of G-6--PD deficiency was noted In patients with typhoid fever (45%),
pneumococcal empyema and meningitis (36 w), and tuberculous meningitis (26 %). A smaller number of
patients with Staphylococcal or Hemophilus influenzoe b infections had no apparent increased prevalence
of G- 6- PD deficiency (0- 10 %). The overall frequency of G- 6- PD deficiency among outpatient
controls was I1 %.

The association of G-6-PD deficiency with typhoid and pneumococcal infections is analogous to the
association of sickle cell anemia with Salmonella osteomyelitis and pneumococcal infections. An Impaired
reticuloendothelial system as a result of hemolysis has been suggested as a factor in the susceptibility
of sickle cell patients to these Infections. Defective bacteriocidal activity of the leukocytes from patients
with erythrocyte G-6-PD deficiency has been noted when the G-6-PD activity of these leukocytes Is
absent or markedly depressed (less than 25 %). An overburdened reticuloendothelial system as a result
of hemolysis or defective bacteriocidal activity of leukocytes from G-6-PD deficiency patients are
possible explanations for this association of erythrocyte G-6-PD deficiency and some bacterial infections.

REFERENCES :

1. Gall, J.C., Brewer, G.J. and Dern, R.J.: Studies of Glucose-6-Phosphate Dehydrogenase Activity of
Individual Erythrocytes: The Methemoglobin-Elution Test for Identification of Females Heterozygous
for G-6-PD Deficiency. Amer. J. Hum. Gen. 17:359, 1965.

1 ChIldren's Hospital, Bangkok, Thailand
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Table 1. Frequency of G-6-PD Deficiency by
Bacterial Etiology and Sex

Studyo. G-6-PD deficiency Frequency
tested homozygous Heterozygous

Typhoid fever M 19 7 0 31
F 25 4 9 52

Pnaumocaccal M 17 6 0 35
Infections F 8 0 3 37

Tuberculous M 14 3 0 21
Infections F 9 1 2 33

Staphlococcal M 4 0 0 0
Infections F 5 1 0 20

H. influenza b M 6 0 0 0
infections F 2 0 0 0

Outpatient M 55 8 0 15
control F 45 0 3 7
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Surveillance Study of Plague In Thailand

Principal investigators I Vichal Sangkasuwan, LTC, MC, RTA
Manit Kanvailee, Fly. Off., VC, RTAF
Krasare Nabnean, LT, MSC, RTA
Varakorn Surlyamongkol, Ensign, MSC, RTN

OBJECTIVE: To Investigate the existence of plague in rodents and dogs. This represents a surveillance
study.

BACKGROUND: it is believed that besides the Republic of Vietnam, the Infection exists In some parts of
Burma and Cambodia as well. While there still are cases of plague in neighboring countries, none has
been reported In Thailand during the last 30 years.

DESCRIPTION: Blood samples were collected from thapped rodents and dogs from some areas of
Aranyapradet. A hemagglutination (HA) test was performed on these sera at the SMRL (Table 1).

PROGRESS: Only one trip has been made to eastern Thailand to date. A small number of rodents were
trapped and a number of dogs were bled. A still smaller number of fleas were collected from the 16
trapped rodents In all. All fleas are of the species Xenopsyllo cheopis and all were collected from
R. exulons. Some more trips will be made in the future.

Table 1. Result of HA Test for Plague, Aranyopradet (March 1975)

Animal Sera Ko. of Specimens No. Positive

Dog 40 0

Rodent 21 0
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Mycopoasma pneumoniae Study

Principal Investigators: Vichal S$ngkasuwan, LTC, MC, RTA
Krasare Nabnean, LT, MSC, RTA

OBJECTIVE: To study the occurrence of Mycoplasma pneumoniae infection In patients suffering from lower

respiratory tract Infection.

BACKGROUND. Approximately 3-5m of apparently healthy Thai subjects studied harbor Mycoplosma
pneumoniae in their throat (unpublished data, Thai Ccmponent, SMRL). The organism might Invade the
lower respiratory tract leading to bronchitis or pneumonia or these people can serve as carriers.

DESCRIPTION: Two samples of blood collected at a 10-14 day interval from patients with bronchitis
or pneumonia are to be tested for evidence of the Infection by a complement fixation (CF) test.

RESULT: To date only four pairs of sera from cases of acute bronchitis and three pairs of sera from
cases of pneumonitis were obtained from the outpatients of Pramongkutklao Hospital. The CF test is
underway.
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Ecology of Bancroflian Filarlasis

Principal Investigatorsg Charles L. Bailey, CPT, MSC
Edward 8. Doberstyn, MAJ, MC

Douglas J. Gould, Ph. D.

Assistant Investigators: Kol Mongkolpanya
Amphon Nanakorn
Rampa Rattanarithikul
Suwattana Vongprodist

OBJECTIVE: To investigate the ecology of bancroftian filarlasis in rural areas of Sangkhlaburi district,
Kanchanaburi Province. Specific oblectives include the following:

1. To identify the vector(s) of Wuchereria bancrofti by A) the demonstration of filrlae In
wild-caught mosquitoes and B) by feeding laboratory- reared strains of potential vector species on
known microfilaria -carriers.

2. To determine the prevalence of human infections and the periodicity of microfilaremla,
applying the techniques of direct chamber counting and membrane filtration for the isolation of microfilariae.

3. To collect information on the distribution, larval habitats and bionomics of suspected vector
species and to obtain correlated series of larvae, pupae and adults of these mosquitoes for taxonomic
studies.

4. To evaluate the clinical expression of human infections.

DESCRIPTION: In 1970 Harlnasuta and associates (1) described an endemic focus of bancroftian filarlasis
in rural villages located near the headwaters of the Kwai River in the Sangkhlaburl district of Kanchanaburi
Province. Prevalence rates of Infection with W. bancrofti up to 30 per cent were observed in some
villages, and many cases of filarial hydrocoele were reported. Bancroflian filarlasis is rarer in Thailand
than the type caused by Brugia molayi; moreover, In this area it differed from the type usually seen in
Southeast Asia in that microfilaremia was nocturnally subperiodic, with peaks near 2000 hours, but with
microfilarla. present in significant numbers in the peripheral blood during daylight hours. Infective stage
larvae of W. bancrofti were found in wild-caught mosquitoes belonging to the Aedes (Finloya) niveus
complex. The females of A. inveus and possibly 20 other closely related species are so similar that they
cannot be differentiated with certainty at the present time; these mosquitoes are among the most common
diurnal man-biting mosquitoes in the forested areas of Southeast Asia, Harinasuta et al also reported
finding Aedes (Finlayo) horveyi, Anopheles maculatus, Anopheles minimus and Anopheles vagus Infected with
immature filarial larvae. Subperiodic W. bancrofti infections transmitted by Anopheles minimus flovirostris
and species of the Aedes niveus complex have also been reported from the Philippines by Cabrera and
Rozeboom (2) and Anopheles leucosphyrus was identified as the vector of W. bancrofti in Sarawak (3).

The detection of microfilaremla, most often by examination of thick films prepared from 20 to 40 c. mm.
of blood obtained from the fr j,)r, has been commonly relied upon to determine filariasis prevalence rates.
The thick film technique has "e -dvantage of being easy to use in the field; however, in recent years it
has been shown that prevalence rates and the apparent age distribution of microfilaremia, based upon
this survey method, have been imprecise (4). A relatively new technique, that has been shown to be as
sensitive as the thick film and as easy to perform under field conditions, Is that of direct counts of
mlcrofilarlae In specially constructed chambered slides (5). Another new survey procedure, the Isolation of
microfllarlae by filtration of blood through Milipore (6) or Nucleopore filters (7), has yielded higher
positivity rates, in areas of nocturnally periodic infections, from daytime bloods than the standard thick
blood film taken at night during microfilaremia peaks (8). The value of this technique In Identifying
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microfilaremia carriers with low density Infections is obvious. These newer survey techniques should prove
valuable in clinical practice, In the evaluation of control and treatment schemes and In attaining a better

understanding of the mechanisms of filarial transmission. During the previous reporting period seven
villages located in semiforested areas of Sangkhlaburi district were surveyed for microfilaremia. Five of

these villages-Kupadu, Lawa, Nithae, Nong Padong and Wang Kalang-were selected as sites for further

studies because their high microfllaremia rates and/or accessibility.

PROGRESS: Between July and December 1974, 6169 mosquitoes were caught in 1832 man-hours of

collections from human hosts, made during both daylight and evening hours, in the five study sites. Eight

genera of mosquitoes, comprising 86 species, were represented in these collections; however Aedes olbopictus,
Armigeres annulitarsis and members of the Aedes niveus complex together formed the major portion of those
collected. A total of 5141 mosquitoes were dissected, and 45 mosquitoes, belonging to six species (Aedes
niveus species "A", Aedes desmotes, A. mediopunctatus, A. gardneri A. imprimens and Arrnigeres annulilorsis),
were found naturally infected with filarial larvae (Table 1). Identifications of the mature larvae are not

yet complete, but some are characteristic of W. bancrofti while others appear to be species of Selorio,
Diptelonema and/or Brerinia.

Surveys for larval mosquitoes were made in the five study sites between July 1974 and March 1975.
Larvae of 82 species, belonging to 14 genera of mosquitoes, were collected from a variety of habitats

within the vicinity of the five villages. Dense thickets of bamboo are present around Kupadu, Lawa and

Nong padong, and mosquitoes which breed in bamboo nodes, such as Aedes (Stegomyia), Aedes (Finlaya)

and Armigeres (Leicesteria), were especially numerous there. This accounts for the abundance of adults of

A. albopictus, Armigeres annulitarsis and members of the Aedes niveus complex caught in biting collections

made during this period in those villages. During the rainy season (July- November), larvae of Anopheles
balabacensis, the principal malaria vector in Thailand, were present in ground pools in all five of the
villages. The domestic mosquitoes, Aedes aegypti and Culex quinquefasciatus, were not present in the more
isolated villages of Kupadu, Lawa and Nong Padong, which, incidentally, had the highest microfilaremia
rates of the five study sites. On the other hand, larvae of A. aegypti and C. quinquefasciotus were found
breeding on the premises of 72% and 249, respectively, of the houses in Nithae, which is the most urbanized
and had the lowest microfilaremla rate of the five villages.

Colonized strains of Aedes aegypti, A. albopictus, A. togoi, Armigeres annulitarsis, and Culex quinauefasciatus
were fed upon known micrafilaria carriers from the Sangkhlaburl district during this period. Of these five
species, only Aedes togoi and Culex quinquefosciatus developed Infections with W. bancroffi (Table 2).

Between August 1974 and March 1975, a comparison of the relative sensitivity of the 20 c. mm. thick film,
20 c. mm. counting chamber and the 1.0 ml. membrane filtration techniques for detecting microfilaremia
was made in the villages of Kupadu and Nong Padong. Blood specimens were obtained from 117 individucls
for comparison of the three techniques; the results are shown in Table 3. Microfilaremia rates by age and
sex, obtained by the membrane filtration technique, are shown in Tables 4 and 5. A further evaluation
of the three techniques was made in a study of the periodicity of microfilaromia in 10 villagers found
positive during the earlier survey. Blood was taken at two hour intervals over a 24 hour period, and the
microfilaremia densities at each Interval, as measured by each of the three techniques, are given in Table
6-8. The mean values of microfilaremia periodicity determined by membrane filtration for the 10 patients
are shown in Figure 1. The nocturnally subperiodic character of the Sangkhlaburi strain of W. boncrofti
is obvious, for at no time was the microfilaremla level less than 20 per cent of peak count. It appears
from the above data, that the direct chamber count is at least as sensitive as the standard thick film,
with the advantage of providing an immediate result without the necessity of drying and staining slides.
The disadvantage is the need for microscopy at the site of specimen collection. Membrane filtration,
although venipuncture Is inquired, is still convenient enough for routine field use, and Is more sensitive
than either the thick film or the counting chamber. The value of this technique In low density Infections
is illustrated by the case of periodicity patient No. 10 (Table 8).

Seventy-five individuals In the village of Kupadu submitted to full physical examinations during the course

of those surveys. Only five of these yielded positive findings as summarized in Table 6.
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Table 2. Mosquitoes Fed " WucAereria boncrodti
Cases-eonkbilebur, 1974

Species No. No. No. Percent No.

Fed Dissected Infected Infected Larvae

Aedes aegypti 271 207 0 0.0 0

Aedes albopictus 62 46 0 0.0 0

Aedes togoi 138 45 23 51.1 80

Armigeres annulitarsis 27 19 0 0.0 0

Culex quinquefasciatus 333 114 9 4.9 12

Table 3. Results of Comparison of Three Techniques for

Detecting Microfllaremoa-Kupadu and
Nong Podong, 1974

Technique No. Patients No. Positive Positive

Thick Film 117 20 17
(20 c.mm. blood)

Counting Chamber 117 22 19
(20 c.mm. blood)

Membrane filtration 117 31 26
(1 ml. blood)

128



Table 4. Results of Examinations for Microfilaremia by
Age, Using Membrane Filtration Technique-Kupadu and Nong Podong, 1974

Age Group Number Number Percent
(Years) Examined Positive Positive

0-3 5 2 40

4-6 8 0 -

7-10 21 2 10

11-15 21 4 19

16-20 13 3 23

21-30 22 7 32

31-40 7 2 29

41-50 12 5 42

50+ 8 7 so

Total 117 32 27

Table 5. Results of Examinations for Microfilaremla by
Sex, Using Membrane Filtration Technique-Kupadu and Nang Padong, 1974

Number Number Percent
Sex Examined Positive Positive

Male 73 17 23

Female 44 15 34

Total 117 32 27
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Table 6. Twenty-few Hour W. bancrofti Mlcrofilarlo Cents 'n 10 Carriers,
by Thick Film Technique

Mlcrofilarla. counts at hours/20 C.mm. blood
Case No. Cas0 1600 1800 2000 2200 2400 0200 0400 0600 0800 1!000

1 3 ] 3 7 2 I
1 3 3 7 3 5 11 10O 6 1 3

2 8 20 11 i 11 19 14 11 11 3 6 3 8

3 5 10 15 20 24 13 1 11 5 4 9

4 13 12 25 53 59 62 48 65 57 47 1 1

5 1 4 7 3 i5 11 8 5 6 1

6 3 3 2 1 3 0 1 2 0 1 0 2

7 16 34 46 21 26 51 67 31 1 9 6 29

8 23 29 82 40 67 71 31 56 10 14 6 8

9 5 8 18 23 25 16 9 15 21:13 3 7

10 0 01 0 0 0 0 0•o o o • o o o~l ol o
_ _ _ _ _ _ , _ _ _ _ _

Table 7. Twenty-four Hour W. boncrofti Microfilarlae Counts In 10 Carriers,
Determined by Counting Chamber Technique

Microfilarlia counts at hoursl20 c.mm. blood

1200 1400 1600 1800 2000 2200 2400 0200 0400 '0600 0800 1000

1 2 !1I 1 3 4 12 6 4 7 4 3 2

2 10 19 9 20 23 6 9 10 10 3 5 13

3 4 25 23 23 16 23 16 10 8 1 7 3

4 8 15 31 40 48 62 42 48 49 46 15 11

5 3 2 2 5 5 4 2 7 2 2 4 1

6 6 3 4 3 3 1 1 1 0 1 0 1

7 17 27 53 27 29 49 40 12 23 10 14 17

8 23 30 64 41 56 52 38 45 19 23 7 3

9 6 7 14 14 17 8 15 17 15 11 4 8

10 2 1 0 2 5 2 0 1 1 1 0 1
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Table 8. Twenty-four Hour W. bancrolti Mlcrofllorlae Counts in 10 Carriers,
Determined by Membrane Filtration Technique

Mlcrofilarla. counts at hours/i ml. blood
Case No. 1200 1,00! 1600 1800 2000 2200 2400 0200 0400 0600 0800 1000

1 109 96 194 245 334 271 433 318 270 200 128 64

2 444 924 560 1049 966 549 521 456 290 231 198 496

3 371 990 1171 1231 601 727 621 399 601 231 196 257

4 409 685 1560 2282 1789 3124 2653 2462 2841 2244 923 871

5 126 44 j 327 394 316 294 279 283 183 295 99 109

6 132 210 157 120 197 75 107 85 98 57 49 142

7 861 1824 2506 1686 1231 2102 2093 1917 616 769 756 1310

8 925 1672 3239 2358 3681 2891 2306 2950 877 I 945 273 334

9 439 564 749 1101 1070 1212 675 1036 473 1033 620 294

10 8 10 22 16 23 43 15 22 2 14 13 5

Table 9. Summiry of Clinical Findings in Kupadu
Viliagers Suggestive of FIllarlasis

Cos* No. Age Sex Finding Microfilorioe

Present

1 52 M Large hydrocoele Yes

53 25 M Large Inguinal nodes, No
no other apparent cause

55 25 M Large Inguinal nodes, No
no other apparent cause

No
58 21 M Thickened spermatic cord

62 52 M Thickened spermatic cord Yes

The pathology normally associated with Infections of W. bancrofti is apparently at a very low level in
this particular endemic area and seems to be limited to minor genital abnormalities in males. No cases of
elephantiasis have been observed In the study villages.

REFERENCES:

1. Harinasuta, C., Supat, S., and Deesin, T. , et al.: 8ancroftlas filatlasls in Thailand, a New Endemic
Area. SE Asian J. Trop. Med. Pub. Kith. I: 233-245, 1970.



2. Cebreis, L D. end lezodoem, L. 1., 1 1lelees Is "stainel Province, Luzon, Republic of the Philippines.
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3. Zulueta, J. % Observations on Filariasis In Sarewak and Brutel. Bull. WHO 16. 699 -705, 1957.

4. Southgate. B. A. and Hamilton, P. J. 3. A Quantitative Approach to Parasitological Technique In
Bancroftian Fliariasis and Its Effect on Epidemiological Understanding. Trans. Roy. Soc. Trop. med. Hyg.
681 177-186, 1974.

5. Denham, D. A. , Dennis, D. T. and Ponnudural, T. , et al: Comparison of a Counting Chamber and Thick
smear Methods of Counting Microfilaria.. Trans. Roy. Soc. Trap. Mod. Hyg. 65: 521 - 526, 197 1.

6. Bell, D. , Membrane Filters and Mlcrofilaria.: A New Diagnostic Technique. Ann. Trop. Mod. Parasit.,
61: 220 -223, 1967.
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57: 1146 - 1147, 1971.
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Evaluation of Expliaontol Asthmlorll
Drugs In Rhesus Monkeys Infected with Plasmodium cynomolgi

Principal Investigators: David E. Davidson, Jr., LTC, VC
Prayot Tanticharoenyos, DVM

Associate Investigators: Charles L. Bailey, CPT, MSC
Douglas J. Gould, Ph.D.
Garrett S. Dill, Jr., CPT, VC
Markpol Tingpalapong, DVM

OBJECTIVE: To evaluate the effectiveness of selected experimental drugs against Plosmodium cynomolgi
malaria In rhesus monkeys. Results of these studies in subhuman primates are used in the U.S. Army
antimalarial drug development program to guide the design of further animal experiments and to aid
in the selection of drugs for human trials.

DESCRIPTION: These are a continuation of studies initiated In 1971, and reported with details of
msthodiology in the SEATO Medical Research Laboratory Annual Reports for 1972--1974. These studies
include an evaluation of blood schizontocidal activity of candidate compounds in rhesus monkeys inoculated
intravenously with 5x108 parasitized erythrocytes obtained from donor monkeys Infected with Plasmodium
cynomolgi strain B. Test drugs are administered daily by stomach tube for seven days beginning four days
after the parasite inoculation. Suppression of parasitemla is indicative of blood schizonticidal activity,
and monkeys in which parasitemia falls to reappear for one month after splenectomy at 30 days are
considered cured. Drug tolerance studies, in which a minimum tolerated dose is established and major
toxic effects characterized, are also conducted In rhesus monkeys.

This year pilot studies to establish a rhesus monkey test system to evaluate candidate compounds for
causal prophylactic or radical curative activity have been Initiated, using methodology patterned after
that developed in other laboratories. Techniques for infecting Anopheles baiabacensis with Plasmodium
cynomolgi strain B and for reproducibly Infecting rhesus monkeys with infective sporozoites are being
refined.

RESULTS:

Blood Schizonticidal Tests: This year 19 experimental antimalarial drugs were evaluated for blood
schizonticidal activity. Minimum curative doses are Indicated in Table 1. A number of the newer
8-amlnoquinolines, particularly WR 182232 have greater activity against blood schizonts and are less
toxic than primaqulne. Two novel compounds, WR 194965 and WR 204165 have excellent antimalarial
activity. A study performed with a formulated mixture of sulfadiazine and WR 158122 (a 2,4-diamino.
quinazollne) suggests that these compounds are synergistic in combination. Minimum curative doses for
the individual components of the mixture were 100 and 1.0 mg/kg respectively.

Tolerance Tests: Drug toxicity studies were conducted with six compounds. Results are summarized In
Table 2. Hepatic toxicity has been encountered in two 8-aminoquinolines (WR 181023 and WR 182232),
and in two benzamidines (WR 4931 and WR 199385).

Sporozoite Induced Tests: The suitability of Anopheles bolabacensis for mass production of Infective
P. cynomolgi strain B sporozoites has been established. In a series of preliminary experiments, this
mosquito has been demonstrated to be hardy and an aggressive feeder on rhesus monkeys. Engorgement
rates have regularly been above 85W, and 90% or more of the engorged mosquitoes have developed
moderate to heavy sporozoite infections. Baseline studies with primaquine are In progress, and the
testing of experimental compounds In prophylactic and radical curative regimens in the sporozoite-induced
system will be initiated in the coming year.
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SUMMARY: Six antimalarial compounds have been evaluated for toxicity in rhesus monkeys, and 19 for
blood schizonticidal activity against P. cynomolgi strain B. Sparozolte-induced test systems ore being
developed to permit the evaluation of causal prophylactic and radical curative activity of antimalarial
drugs in rhesus monkeys.

Table 1. Summary of Blood Schlzonticidal Tests in Rhesus Monkeys

Type of Compound WRAIR Drug Number Minimum Curative Dose
(mg/kg/day)

4-Aminoquinoline 1544 10.0

8--Aminoquinoline 2975 (Primaquine) NCI (31.6)
6020 NC' (100.0)

181013 (lot 1) 10.0
181023 (lot 2) 31.6
182232 3.16
182234 10.0

4- Quinolinemethanol 184806 10.0

9--Phenanthrene-
methanol 181018 31.6

4-Pytidinemethanol 182231 10.0

Sulfonamide 4629 (Sulfalene) 100.0
4873 NCI (100.0)

Miscellaneous 5473 3.16
5949 (Trimethoprlm) 100.0

25979 (Nitroguanil
Hydrochloride) 31.6

190830 100.0
194965 3.16
204165 3.16

Combination 7557
Study (Sulfadlazine) 10 : 1 1.0:0.1

158122

'Not curative. The compound had suppressive activity, but did not cure at the maximum dose tested.
The maximum tested dose is indicated in parentheses.
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Table 2. Summery of Drug Toleramce Studies Is Rhesvs Movikeys

Compound Maximum Tolerated Dose Principle Toxic
Number (mg/kglday) Effect

WR 4931 < 3.16 (i.M.) Liv.. Damage

WR 172435 < 316 (Oral) EmesIs

WR 181023 < 10 (Oral) Liver Damage

WR 182232 < 31.6(Oral) Liver Damage

WR 184806 10 (Oral) Emesis

WR 199385 < 3.16 (I.M.) Liver Damage
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Relationship Between Erythrocytlc Adenosine Triphosphat.
(ATP) Level and Human Malaria

Principal Investigators: Kalchrinnee Pavanand, M.D.
Douglas R. Stutz, MAJ, MSC

Associate Investigatorss Sarnyon Permpanich, R.N.
Nipon Chuanak
Prosit Sookto

OBJECTIVE: To establish a quantitative assay of ATP In human erythrocytes for the determination of
normal erythrocytic ATP levels In a Thai population and to determine its relationship to malaria infection.

BACKGROUND: it is known that there Is considerable variation in the levels of erythrocytic ATP between
Individuals in a population, and that this level is constant in healthy Individuals (1, 2). Comparative
studies in American Negroes and Caucasians indicated the existence of different mean quantities of
erythrocytic ATP between these two groups. Since the gene pool of the American Negro is derived from

an African Negro stock exposed to malaria for many generations, the lower mean levels of ATP in this
group suggests selection pressure caused by malaria. Further studies revealed that there is a strong
positive correlation between the erythrocytic level of ATP and P. falciparum parasitemla (3). In human

as well as simian infections, high ATP levels were directly associated with relatively high peak parasite
counts (4). it has been suggested that the protective mechanism against malaria infection may result from
the following:

a. Erythrocytic ATP levels of the host play an important role in supporting the Initial Increase

of parasitemia. With the lower level of ArP, a retardation of the primary Increase in parasitemia is
seen, resulting in a less severe clinical course of Infection.

b. The role of ATP in maintaining metabolism and viability of living cells indicates that

erythrocytes with low ATP levels are less capable of maintaining their viability. This would result in the
inability of the intraerythrocytic asexual parasites to develop completely, and the parasitized erythrocytes
may rupture prematurely.

The purpose of this study is to investigate erythrocytic ATP levels in Thai populations continuously exposed
to malaria Infection, and to compare them with populations from nonendemic areas.

DESCRIPTION: A technique for quantitative assay of erythrocytic ATP utilizing a firefly luminescence
method described by Stanley and Williams (5) was utilized. A calibration curve of ATP was obtained by
adding an aliquot of fresh extract of desiccated firefly lanterns to various known concentrations of ATP
In phosphate buffer pH 7.4. The resulting light pulses were counted in the liquid scintillation spectrometer.

in most experiments, heparinized blood was used for the quantitative assay. immediately after venipunc.
ture, the blood was precipitated with trichloroacetic acid and maintained at -70°C for assay of ATP.
It was found that delaying precipitation of the blood resulted in a significant decrease In ATP levels (6).
To prevent this loss, ACD solution at pH 5 was used as an anticoagulant (7) when Immediate processing
of blood specimens was not possible. One milliliter of blood was added to EDTA, mixed, and kept at
40°C (wet ice) for cyanmethemoglobin determination.

Populations from Bangkok and Lumpoon representing a nonendemic group were compared with an endemic
group from Chonburi and Prachinburl. In addition to these two groups, another group of newborn infants

from Women's Hospital in Bangkok was included in this study as a control.
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RESULTS: As shown In Table I the mean erythrocytlc ATP level of the nomendemic group was 3.71
mlcromoles/gram hemoglobin, and that of the endemic group was 3.47 micromoles gram. in newborn

infants, the ATP level was found to be higher than that of adults. This finding in newborn infants agreed
with that reported by Gross et al (8), although the assay methods utilized were different. with the
firefly luminescence technique, the results were found to be slightly higher than those produced by the
hexokinase, G-6-PD technique. There was no significant variation of the mean levels of erythrocytic

ATP in either group. Birthplaces and residential areas were used for comparison in this study; however,
both groups shared a common gone pool. It appears that the quantitative level of erythrocytic ATP is
under genetic control of a multifactorial type and this finding is more suggestive of a genetic control than
an environmental control.
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Table 1. A Comparison of Erythrocytlc ATP Levels in Thai Populations Residing in
Nonendemic and Endemic Malarial Areas

No. Micromole ATP/gm Hb Hb gm/a00 mi.
Sublect Population Case RangeMenRneea

CaeRneMean Range Mean

Newborn

Bangkok 120 3.2 - 7.3 4.83 11.2 - 18.5 14.96

Nonendemic Areas

Bangkok 98 2.62 - 5.8 3.771 8.6 - 17.5 14.4
Lumpoon 84 2.66 5.0 3:79 3.787.6 17.3 13.7

Endemic Areas

Chonburi 29 2.19 - 4.3 306 3 8.7 14.3 10.81
Prachinburi 198 2.91 - 5.2 3.89 6.6 17.3 13.64
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Studies of New Experimental interm'diate end Paratenlc Hosts
and Modes of Transmission of Gnothosloma spinigerum

Principal Investigator: Professor Svasti Daengsvang, Mod. D.

Associate Investigators t P.aisarl Yingyourd, B.Sc,
Rape* Machimasotha, B.Sc.
Thipchuta Dharmosarathul, B.Sc.

OBJECTIVE: To attempt to identify new experimental host animals susceptible to Gnalhostoma spinigerum
as reported in the SEATO Medical Laboratory Annual Report April 1972 to March 1973.

BACKGROUND: Some species of crustacean, namely fresh water crabs, shrimps and prawns, are
occasionally eaten raw or Insufficiently cooked by man. Experimentally it has been shown that fresh
water crabs (Parotelphusa sexpunctatum and Potamon smithanus) could be Infected with G. spinigerum
advanced third stage larvae; therefore, they may be considered as a potential source of natural infection
to man (1). After experimentally feeding shrimps 'and prawns (Mocrobrochium rosembergi De Mann, and
M. mirobile Kemp) with gnathostome larvae, it appeared that they could not be infected; however, only a
few shrimps and prawns were utilized In the study (2). This study was expanded to include all larval
stages of G. spinigerum and larger numbers of shrimps and prawns.

DESCRIPTION: In addition to the prawns obtained from sources appearing in the above report, six more
living adult prawns (M. rosembergi) were obtained from a restaurant in Pathum Thani near Bangkok.
These prawns were caught from the Chao Phya River a few kilometers north of Bangkok. Before initlat.
)ng this study tho prawns were maintained in fresh-r-water aquaria for four to five weeks for acclimation

Table 1. Results of Feeding Gnathostoma spinigerum larvae to Fresh-water
Shrimp and Prawn.

Recipients No. Larvae Used
Method

of Newly Fully Advanced Remarks
Feeding Shrimp Prawn Hatched or Developed Third-stage

First Stage in Cyclops from Mice

Natural 100 - 20000 - Autopsies negative
after 1-35 days

Natural 100 - - 1000 Autopsies negative
after 1-81 days

Artificial - 3 - 250 - Autopsies negative
after 31 and 57 days

Natural - 8 - 215 Autopsies negative
after 4-42 days

Artificial - 5 - 48 Autopsies negative
after 10-30 days

None 100 12 - - Control-autopsies

negative
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to the laboratory environment. From a total of 21 adult prawns obtained from the experimental farm of
the Department of Fisheries and those from the Pathum Thanl restaurant, 12 were autopsied for the
presence of gnothostomes. The remaining 16 were experimentally fed with varying numbers of larvae fully
developed in cyclops, and also advanced third-stage larvae from Infected mice.

Two methods were used for feeding gnathostome larvae to prawns. Natural feeding was accomplished by
presenting the prawns with both cyclops and minced mouse tissue containing known numbers of infective
larvae. After feeding, the prawns were observed visually every one to two hours until all cyclops and
mouse tissue were consumed. This usually occurred In less than six hours. Artificial feeding was performed
by use of a polyethylene tube attached to a needle and a 1.0 ml syringe containing a known number
of larvae In a few drops of fresh water. The tube was easily inserted into the mouth of the prawns and
the larvae were Injected. Autopsies were performed from 4 to 57 days after feeding.

Shrimp proved to be too small for successful artificial feeding; therefore, only natural feeding was used.

PROGRESS: A review of the experimental feeding of G. spinigerum larvae to fresh water shrimps and
prawns is presented in Table 1.

SUMMARY: Fresh water shrimps and prawns (Macrobrachium rosembergi, Do Mann) were not infected by
feeding on larvae of G. spinigerum. The evidence does not indicate that these crustaceans can act as
intermediate or paratenic hosts for G. spinigerum.
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Chemotherapy of Gnathostomlasis

Principal Investigator, Professor Svasti Daengsvang, Mod. D.

Associate Investigatorss Paisarl Yingyourd, S. Sc.
Rapee Mochimasotha, B. €c.
Thipchuto Dharmasarathul, 8. Sc.

OBJECTIVE: To continue to search for chemicals with chemotherapeutic activity against advanced third-
stage larvae of Gnothostoma spinigerum.

BACKGROUND: These studies are a continuation of the work reported in previous years. Many antihelmin.
thic drugs have been evaluated for possible chemotherapeutic activity against experimental G. spinigerum
infections of mice with advanced third stage or migrating larvae. All drugs have been ineffective so far.

DESCRIPTION. Mice of the ICR strain were infected by oral administration of five advanced third-stage
larvae of G. spinigerum. After Infection for some days, the test drug or combination of drugs dissolved In
distilled water was administered orally or parenterally in a predetermined regimen. Infected control mice
were given distilled water orally. After completion of the treatment regimen, the mice were sacrificed at
intervals and necropsied. Parasites were counted in the liver and/or body muscles and the results recorded.

The drugs tested during this reporting period were: Astiban (sodium antimony dimercapto-succinate),
Lucanthone (Miracil D. or Nilodin) (I - methyl- 4- diethylamino -ethylominothloxanthone hydrochloride),
Hycanthone (Etrenol) an active metabolite of Lucanthone, and Iodine in Lugols solution.

PROGRESS: Drug screening tests on mice infected with G. spinigerum advanced third stage larvae gave the
following results.

Astiban: This drug was admlnlster#+ last year In flve daily oral doses of 640 mg/kg or with a single oral
dose of 1920 mg/kg to gnothostome-Infected mice without effect. This year an oral dose of 1920 mg/kg
daily for two days was also found to be ineffective in significantly reducing the numbers of the larvae in
treated mice. Therefore the drug appears to have no therapeutic effect on infected mice (Table 1).

Lucanthones Gnathostome - Infected mice were treated with two doses of 150 mg/kg/day for five days

(ten doses). The results are shown in Table 2. This drug Is judged to have no therapeutic value in the
treatment of G. spinigerum Infection.

Hycanthone: This drug was administered orally over a five day course using doses of 100, 200, 300, and
400 mg/kg. The results are shown in Table 3. There was no significant reduction in the number of
gnathostome larvae in the treated mice. Therefore Hycanthone is considered to have no therapeutic effect
on the infection.

Lugol's solution: The prescription of the solution was Iodine, two grams; Potassium Iodide, four grams; and

purified distilled water, 100 ml. An in vitro experiment of various dilutions of the solution (1: 1000
to 1: 20,000 or iodine solution equivalent of I :500 to 1: 10,000) on living G. spinigerum advanced
third-stage larvae obtained from the experimentally infected mice caused the death of the larvae in ten
minutes to four days compared with the control In distilled water where the larvae lived for eight days.

The screening tests on infected mice (average body weight of 25 grams per mouse) were done by oral

administration of various doses of the solution containing Iodine 40, 200, and 400 mg/kg (or Iodine solu.
tions in mice of 1:625, 12125, 1 :60) twice daily for five days. The results showed no therapeutic value

on the infection (Table 4), and all five infected mice who received 400 mg/kg died of toxicity about six

hours after the administration of the last dose.
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The drug was also given by subcutaneous Injection of Lugol's solution using a dose of 20 ma. iodIse/kg
body weight of the infected mouse or equivalent to about 10t'250 solution of Iodine In the mouse body.
The result Is shown In Table 5. This dose of the drug by subcutaneous administration is Judged Ineffective.

SUMMARY: Oral administration of Astiban, Lucanthoneo, Hycanthone and iodine in Lugol's solution and
subcutaneous Injection of Iodine In Lugol's solution were Ineffective In the chemotherapy of Gnothostomo

spinigerum In experimentally Infected mice. Further investigation on iodine in Lugol's solution given by
subcutaneous Injection Is In progress and the combined therapy with Astiban and Ambiltor has shown a
modest chemotherapeutic effect and will be investigated further (1).

REFERENCES:

1. Daengsvang, S., Yingyourd, P., Machimasalho, R. , and Dharmasarathul, Ts SEATO Medical Research

Laboratory Annual Report March 1974.

Table 1. Treatment of Gnathosioma spinigerum Infected Mice
with Astiban Oral Administration

Asfiban No. of Infected Third-stage Time of
Drug Dose Mice Treated Larvae Found Necropsy

(mg/kg/day) (Days)*

1920** 30 90 20

Control 30 93 19

• Days after administration of last drug dose
"* For two days

Table 2. Treatment of Gnothastomo spinigerum Infected Mice

with Lucanthone Oral Administration*

Lucanthone No. of Infected Third-stage Time of
Drug Dose Mice Treated Larvae Founu Necropsy

(mg/kg/day) (Days)"

150 10 31 24

Control 5 16 24

• Two doses per day for five days
* Days after administration of last drug dose
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Table 3. Treatment of Gnothostoma spinigerum Infected Mice
with Hycanthone Oral Administration*

Hyconthone No. of Infected Third-stage Time of
Drug Dose Mice Treated Larvae Found Necrospy

(mg/kglday) (Days)`

100 Is 45 4-27
Control 15 46 14-28

200 13 42 10-27
Control 15 46 14-28

300 15 45 4-40
Control 15 44 33-40

400 14 40 1-40
Control 15 44 33-40

* One dose per day for five days
** Days after last dose of drug

Table 4. Treatment of Gnothostoma spinigerum Infected Mice by Oral Administration
of Iodine in Lugol's Sulutlon*

Iodine No. of infected Third-stage Time of
Drug Dose Mice Treated Larvae Found Necropsy

(mg/kg/day) (Days)"

40 5 19 7
Control 5 20 3-7

200 5 16 17
Control 5 17 17

400 5 17 All mice died
six hrs. after
last dose

* Two doses per day for five days

* Days after last dose of drug

Table 5. Treatment of Gnothostomo spinigerum Infected Mice
by Subcutaneous Inlection in Iodine in Lugol's Solution*

Iodine No. of Infected Third-stage Time of
Drug Dose Mice Treated Larvae Found Necropsy

(mg/kglday) (Days)**

20 10 30 17

Control 5 16 17

* One dose daily for five days

* Days after the last dose
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ThpIawkmc Lymhedeaffls

Principal Investigators- VIcbel Soghasuwam, LTC, MC, ETA
Krosare Nobeno., LT. MSC, ITA

OBJECTIVE: To study the Incidence of toxoplesmic lymphedenitis in patients with acute or chronic

posterior cervical lymphadenopathy.

BACKGROUND t A human case of congenital or acquired toxoplasmosis has not been reported In Thai.
land. Toxoplasmic lymphadenitis is said to be the most common manifestation of the infection in Man.

DESCRIPTION: Patients with enlargement of posterior cervical lymph nodes, attending Promeongkutklao
Hospital In the outpatient department were picked for the study. Their sera were collected for a

hemagglutination test. Any patient whose blood was found to contain the antibody would be asked to

cooperate in having a lymph node biopsy done and an isolation attempt made.

PROGRESS: Toxoplasma antibody at the titer 1 t640 was found in only one of 32 sera collected during

November 1974-March 1975. An attempt has been made to get in touch with the patient, a resident of

Karat.
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As splseotlc of Tropleal Cusio Peafytylopul Is TWO&A

Principal Invostigotors I David E. Davidson, Jr., LTC, VC
Garrett S. DiI1, Jr., CPT, VC
Markpol Tingpalapong, DVM
Suchal Premabutra, DVM, COL, RTA'
Pralong Lo-or Nguen, DVM, LTC, RTA'

Associate Investigators Miodrog Ristic, Ph.D.2
Edward H. Stevenson, LTC, VC3

OBJECTIVEt To study the epizootology of Tropical Canine Pancytopenia in a population of military
working dogs, and to evaluate the efficacy of currently recommended prophylactic and therapeutic
measures in a natural outbreak.

BACKGROUND: Tropical Canine Pancytopenia (TCP) is a tick-transmitted infectious disease of dogs caused
by the rickettsila-like organism Ehrlichia conis. Infected dogs may be almost asymptomatic, or they may
develop a frequently fatal syndrome characterized by fever, anemia, leukopenlo, thrombocytopenia, and
hemorrhage. The fatal syndrome has been observed most frequently in German Shepherds. Outbreaks of
TCP have occurred in many tropical and sub-tropical countries, but until now the disease has not been

recognized in Thailand. The present report describes an eplzootic of TCP among military working dogs at

the War Dog Training Center, Pakchong, Karat Province, Thailand, 185 km northeast of Bangkok.

DESCRIPTION: The War Dog Training Center is a modern facility established by the Thai Armed Forces
to breed, train, and issue working dogs to all military services. The population of dogs at the Center
averaged about 175 during the period of the study. The Center also supports an additional 125-150
dogs at remote stations. The composition of the dog population at the Center is constantly changing as

dogs are issued to and return from remote stations. Most working dogs return to the Center annually for
retraining; dogs also return for treatment of serious disease problems, since veterinary care is not
generally available except at the Center. Dogs at the Center are maintained in individual pens in several
groups of screened or unscreened buildings which are separated by distances as great as several hundred
meters. These groups of buildings are designated as the breeding area, the young adult area, the training
area, the working dog area, and the hospital area. There is limited direct daily contact between groups,

although dogs are periodically moved from one functional area to another as needs of training and

utilization dictate. Contact is also possible in the hospital area which services dogs from all areas and
from outside the Center. in addition, Indirect contact is possible in common exercise, training and working
areas. The common brown dog tick (Rhipicephalus sanguineus) has been collected from dogs and kennels
in all areas. No other species of tick has been found.

TCP was first suspected In March, 1974, among a group of seven German Shepherds working at a military
base in Lopburi, 133 km north of Bangkok. Within a two month period, three of these dogs died after
episodes of epistaxis. The four surviving dogs, which were in poor condition, were transported to Pakchong

and placed in the hospital for observation and treatment. it is believed that these dogs may have
initiated the eplzootic at Pakchong, although a retrospective analysis of clinical records suggests an
increase in the prevalence of febrile episodes among dogs at Pakchong as early as January, 1974. No

dogs were Imported to the Center from outside Thailand during this time nor during the year prior to the

recognition of TCP at Pakchong.

I War Dog Training Center, Pakchong, Thailand.

2 College of Veterinary Medicine, University of Illinois at Champaign-Urkana.

3 Division of Veterinary Medicine, Walter Reed Army Institute of Research, Washington, D.C.
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The progress of the epizootic of TCP has bsen followed by clinical, pathological, and laboratory studies.
A clinical record is maintained on each dog, which contains an Indication of clinical symptoms observed
and treatments administered whenever a dog is brought to the hospital. Complete physical examinations
are performed at regular intervals, including surveillance and treatment for heartworm and intestinal
parasites. All dogs are regularly vaccinated for canine distemper, canine hepatitis, leptospirosis, and
rabies.

A program to control the epizootic was developed based upon the experiences in Vietnam (1, 2) and
upon laboratory studies conducted at the Walter Reed Army institute of Research in subsequent years

(3, 4). Serologic identification of infected dogs was the cornerstone of the control effort (5). The basic
elements of the control program were as follows:

1. Identification of infected dogs by serologic testing, clinical signs, and laboratory studies.

2. Treatment of infected or suspect dogs with tetracycline hydrochloride orally 30 mg/lb/day
for 14 days. Supportive therapy was utilized as appropriate in severe clinical cases.

3. Prevetidon of infection or re-infection by continuous daily oral administration of approxi.
mately 3 mg/lb/day of tetracycline hydrochloride. (A single 250 mg capsule was opened, and the powder
lightly mixed with the pro-weighed food in each dog feeding pan).

4. Elimination of ticks by regular spraying of kennels and dipping of dogs with insecticide.

5. Isolation and treatment of newly introduced dogs.

The laboratory procedures utilized to Identify TCP-infected dogs for treatment included serology,
hematocrit, total and differential leukocyte counts, and serum protein electrophoresis. The serological
method utilized was the indirect immunofluorescent test (5). At each bleeding 10 ml of venous blood
was collected. Two to three milliliters were placed in tubes with EDTA for hematologic studies; the
remainder was allowed to clot and serum collected for serology and serum protein determinations. For

serologic screening, a 1:10 serum dilution was used, and results were reported as "positive" or
"negative ".

Blood samples were collected from all dogs at Pakchong (except puppies less than six months of age) at
three month intervals. During the intervals between quarterly bleedings some additional dogs were bled,
including new arrivals missed at the previous bleeding. On occasion, sera were collected at other military
bases, but the bleeding of dogs at remote stations could not be comprehensive. Quarterly bleedings were
performed on 4 June, 4 September and 18 December, 1974, and on 4 March 1975. in addition, all dogs
at Pakchong were bled on 25 July 1974, lust before initiation of the tetracycline treatment program.
A total of 316 dogs were studied between June 1974 and March 1975. This included 287 German
Shepherds, 10 Doberman Pinschers, 9 Labrador Retrievers and 10 Labrador-Shepherd cross-breeds.

individual dogs were given a complete 14 day therapeutic course of tetracycline for any of the following
reasons:

1. SuspicIous clinical signs

a) Unexplained fever

b) Anemia (hematocrit less than 39)

c) Leukopenla (WBC less than 6000)
d) Bleeding (eplitaxis, hematuria)

e) High serum gamma globulin (> 2.5 gm%)

2. Serologically positive for TCP

3. Known or suspected exposure to TCP

4. Admitted to the Center with unknown prior history
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in addition, on 26 July, all dogs at the Center older than six months of age (172 dogs) were placed on
a 14 day therapeutic course of tetracycline. This was done with the knowledge that 49 per cent of the
dogs had been serologically positive on 4 June, and with the suspicion than numerous additional dogs were
incubating the disease (31 dogs developed fevers between 4 June and 25 July). At the completion of
treatment, all dogs were continued on prophylactic levels of tetracycline daily until 9 September. After
a 60 day interruption, tetracycline prophylaxis was again reinstituted on 9 November, and has been
maintained until the present time. If at any time a previously treated dog converted serorogicolty, or
showed any of the suspicious clinical signs listed above, it was re-treated with tetracycline thercaeutically.

PROGRESS. The existence of TCP in Thailand has been demonstrated conclusively for the first time. The
evidence for the disease includes the observation of characteristic clirical, hematological and pathological
signs among a group of Thai Military Working Dogs, and the confirmation of the disease seoiogically and
by direct observation of morulao of Ehrlichio canis in tissue macrophages.

In April 1974, Krisda, a one year old, male German Shepherd, was transported from Pakchong to SEATO
Laboratory for observation and diagnostic studies. This dog had a history of recurrent fever (102°F-
104°F), inappetence, and progiessive weight loss. On admission, the hematocrit was 35; leukocyte count
5100 per cmm; fecal specimen negative for ova and parasites. The serum was serologically positive for
TCP. During a month-long period of observation, rectal temperature was consistently elevated (103°F-
105.8°F), the appetite was poor, and the dog became progressively more debilitated, lost weight, and
developed pressure ulcers of the skin of the abdomen and over bony prominences. The hematocrit fell to
17; leukocyte counts ranged from 6,600 to 30,000 per cmm. No chemotherapy was given. The dog was
ultimately euthanized. At necropsy a moderate, multifocal bronchopneumonia was observed. Multifocal
plasma cell infiltration was prominent In lymph nodes, in portal areas and around central veins of the
liver, and interstitially in the kidneys. Lymphocytic and plasmacytic vasculitis, occasionally with minimal
perivascular hemorrhage, was observed in the brain. Typical inclusions or "morulae" of Ehrlichia conis
were observed in macrophages in glemsa-stained impression smears obtained frcm cut surfaces of lung at
necropsy j 4).

Between early April and 25 July, many dogs exhibited clinical or hematologicol abnormalities suggesting
TCP. The number of dogs treated with tetracycline because of fever, anemia or epistaxis during these
months is indicated in Table 1. During this period of rapid disease transmission, 47 dogs were treated
with tetracycline on the basis of clinical signs without knowledge of their serological status (results of 4
June serology were not known until after 25 July). Only two of these dogs were later found to be
serologically negative, and thus 97% of these treatments were appropriate. On the other hand, of the 86
dogs serologically positive on 4 June, only 45 (52%) were selected for treatment on the basis of clinical
signs or hematology.

After the mass treatment of dogs on 25 July, a dramatic improvement in the general condition of dogs
was noted. Thin dogs gained weight, work performance improved, breeding performance improved, and
the number of dogs hospitalized was reduced. We continued to initiate tetracycline therapy in dogs
developing fever, anemia or epistaxis, as indicated in Table 2. Thirty-eight dogs were treated for
symptoms between 26 July 1974 and 31 March 1975. Nineteen of these courses of treatment (68%) were
apparently inappropriate, since they were administered to dogs which were serolog~cally negative both
before and after treatment.

Compared to the experience in Vietnam, the severity of the clinical disease at Pakchong was mild.
Between April 1974 and March 1975, only 19 dogs died at Pakchong. Six of 'hose deaths were from
causes other than TCP (accident, heartworm-2, drug toxicity, cystic idlculi, heat exhoust;on). Three dogs
died of unknown causes. In ten dogs the history, clinical findings, laboratory studies, and gross necropsy
findings suggested that TCP was the primary or contributing cause of deeth. Histopathologic confirmation
of TCP was possible in only two cases. Only two of the TCP doaths occurred after 26 July. Both of
these dogs were returned to Pakchong from remote sites In moribund condition.
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Tetracycline therapy had been Instituted in only one of the ten dogs which died of TCP. In this case,

the dog was exhibiting epistaxis, the hematocrit was 14, and the dog died three days after initiation of

therapy. In all other severe cases tetracycline therapy caused remission of symptoms. Nine dogs with

epistaxis and 13 dogs with hematocrits of 15-25 have been successfully treated.

Severe symptoms of TCP were observed only in German Shepherds, although 7 of 9 Labradors, 5 of 10

Dobermans, and I of 10 Shepherd-Labrador cross-breeds were serologically positive. Two of the

serologically positive Labradors had febrile episodes, and two had low hematocrits (28 and 31); they

were otherwise asymptomotic. Three Dobermans were febrile, but exhibited no abnormal hematologic signs

prior to treatment. The Shepherd-Labrador cross-breed dog was asymptomatic.

The results of serologic studies are, presented in Table 3. The progress of the epizootic can be followed
both before the institution of control measures on 26 July, and during the period of control.

Initially, on 4 June, 86 serologically positive dogs (49f of those at the Center at that time) were identi.

fled. By 25 July, six weeks later, 30 additional dogs had converted to positive (33% of the 90 suscep.
tible), and 17 more dogs entering the Center from remcte sites were identified as positive. After the

dogs were placed on tetracycline therapy and prophylaxis, the rate at which dogs converted to positive

markedly decreased. Between July and October, only 13 converted, and it Is likely that the infections

producing these conversions were mainly acquired before 25 July. Experimentally infected dogs -do not

develop detectable titers for 11-28 days (5). The three dogs converting after October spent a portion

of their time away from Pakchong, and were not maintained on tetracycline prophylaxis.

All known serologically positive dogs have been treated with tetracycline, and many are now becoming
serologically negative. The large number of dogs converting to negative between December 1974 and
March 1975 largely reflect the treatment given in June and July. Of the 69 dogs remaining serologically
positive, only 16 were bled at the Center in March 1975. The remaining 53 dogs were at remote
stations, and although they were serologically positive at their last bleeding, current serology Is not

available on the majority of them.

Curiously, the prevalence of serologically positive dogs entering the Center from remote sites is decreasing,

although tetracycline has not been administered prophylactically except at Pakchong. Apparently the

elimination of infected dogs at Pakchong, and improved tick control at remote sites are having a beneficial

effect.

Serum protein electrophoresis has been investigated as a diagnostic procedure to supplement serologic and

hematologic findings. An elevation of serum globulins, particularly beta and gamma globulins, has been

observed in experimen'ally infected dogs (Huxsoll, personal communication).

Some, but not all, infected dogs at Pakchong have exhibited increased gamma globulins. In most cases

this was also reflected in a reduced A/G ratio. Comparison of the mean values for serologically positive

and serologically negative dogs revealed no significant differences; however, individual dogs among the

infected groups did have gamma globulin values which differed significantly from values observed in

serologically negative dogs. Among serologically positive dogs prior to treatment, 30 of 85 (35w) had

significantly elevated gamma globulins on A June, and 13 of 38 (34%) had elevations on 25 July.

Abnormal gamma globulin levels returned to normal after drug treatment more rapidly than the dogs

converted to negative serologically. By 25 July, only 6 of 24 treated dogs (25%) had elevated gamma

globulins, and by 4 September only 4 of 80 (5%) still had abnormal values.

The ability to identify infected dogs serologically has been indispensible to the control effort. The

treatment of dogs using clinical or hematologic criteria has proven unsatisfactory. Many dogs have been

treated unnecessarily using symptomatic criteria, and, more importantly, many asymptomatic carriers would

have been overlooked.
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An ImPortant limitation of the serologic screening method is Its Inability to identify re- Infections or failed
treutments. Dogs are susceptible to re -Infection even though they have serologically demonstrable antibody
to Ehrlichia canis (3). After treatment, for as long as the dog remains serologically positive, only clinical
and hematological observations serve to Identify re-appearance of active Infection. As of March 1975,
69 treated dogs remained serologically positive. It is entirely possible that some of these dogs are harbor.
ing the organism. Hopefully, control of ticks and the continuation of prophylactic tetracycline will prevent
transmission of the organism until such time as any carriers among this group can be identified.

Efforts to control the epizootic In Thai military working dogs are continuing. Tetracycline Is still being
administered prophylactically, and dogs which exhibit suspicious clinical or hematologic signs, or which
convert serologically, are being treated with tetracycline. while many dogs have become serologically
negative, the efficacy of the combined therapeutic and prophylactic administration of tetracycline cannot
be evaluated until the Infective status of the remaining 69 serologically positive dogs has been resolved.
Efforts to control ticks are being maintained.

SUMMARY. An epizootic of Tropical Canine Pancytopenia (TCP) has been studied in a population of 316
Thai Military Working Dogs. To date, 161 cases have been Identified serologically, of which 54 were
clinically or hematologically apparent. The prevalence of severe clinical symptomatology was low. Epistaxis
was observed in only 9 dogs (2.8%), and only 10 dogs died (3.2h).

A control program Including tick control, serologic identification and treatfrent of carriers, and tetracycline
prophylaxis has been instituted. Administration of tetracycline 30 mg/kg/day for 14 days has produced
clinical remission of symptoms in all but one of the severely Ill dogs. Serologic remission has been observed
in all but 69 dogs to date. Early intervention with tetracycline is probably largely responsible for the
mildness of the epizootic, but the possibility that the organism was less virulent, or the dogs more resistant
than in the Vietnam epizootic, cannot be ruled aut.

Clinical, hematological, and serological surveillance is continuing.
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Table 1. Malor Clinical Signs of TCP Observed at Pakchong
During June-July 1974

Number of Dogs Exhibiting Signs

Clinical Signs Serologically Positive Serologically Negative

Fever (a) 31 2

Anemia (b) 8 0

Epistaxis (c) 6 0

Total 45 2

(a) Rectal temperature above 103°F. Depression and inappetence were frequently
associated with the fever, but diarrhea or vomiting were seldom observed. None
of these dogs exhibited anemia, leukopenla or epistaxis.

(b) Hematocrit less than 39. None of these dogs exhibited epistaxis; some were
leukopenic, and most were febrile intermittently.

(c) These dogs were also anemic, leukopenic and febrile.

Table 2. Major Clinical Signs of TCP Observed at Pakchong
Between August 1974 and March 1975

Number of Dogs Exhibiting Signs

Clinical Signs (a)
Serologically Positive Serologically Negative

Fever 2 0

Anemia 7 19

Epistaxis 0 0

Total 9 19

(a) See footnote for Table 1.
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Prediction of Illicit Drug Use by United States Servicemen

Principal InvestigatorsI Robert J. Schneider, CPT, MSC
Robert M. Scott, MAJ, MC

Associate Investigators: Peter W. Smyth, SSG
Ernest T. Comer, SP5

Assistant Investigators : Boonarb Panpanya, PHN
Chinda Witayarut, PHN
Sukree Tumrongrachanilti, RN
Khanitha Rolanasthlen
Vacharee Tumrongrachaniti
Frank B. Poyas, SFC

OBJECTIVE: For a description of the objectives of this study see the SEATO Annual Progress Report,
March 1972.

PROGRESS: Interviews, at four-month intervals, of 425 soldiers in Thailand have been completed. We
were able to obtain complete information on 345 of these men. The remaining individuals were inter-
viewed only one or two times. Twenty-five additional individuals left Thailand within four months after
arriving and were therefore not Interviewed at all.

Data derived from these interviews have been collated and coded for automatic data processing. Analyses
of these data are currently being conducted. These will be used to determine: a) the predictive validity
of the questionnaire instrument, b) variables which relate to development of risk for drug use and c)
variables which interfere with the ability of the instrument to predict drug use.

In addition to behavioral information concerning drug abuse, we have drawn bloods from these individuals
and obtained medical histories. Review of medical and laboratory records was also conducted. This will
provide unique data on development of inapparent disease in this population during a tour in Thailand.

SUMMARY: Interviews have been completed on A21 soldiers during their first year in Thailand. Drug
use classifications based on the clinical interview and the questionnaire instrument will be compared to
evaluate the predictive validity of the ouestionnaire. The analyses will focus on variables contributing to
risk for drug use. information concerning development of inapparent Infection will provide unique
epidemiological data on this population.
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A leh.vlorel Survey of Thol ProMfivtos

Principal Investigators: Robert J. Schneider, CPT, MSC
Robert M. Scott, MAJ, MC
Douglas R. Stutz, MAJ, MC
Michael R. Spence, MAJ, MC

Associate Investigators t Boonarb Panpanyo, PHN
Chinda Witayarut, PHN
Sukree Tumrongrachaniti, RN
Khanitha Rolanasthion

OBJECTIVE: a) To collect behavioral information from a prostitute population concerning attitudes and
knowledge about venereal disease (VD), b) to correlate these with certain concurrently collected labora.
tory data and c) to determine what difference exists between these variables for women soliciting
Americans and those women who do not have contact with Americans.

BACKGROUND: The prevalence of venereal disease among American troops seems to many observers to
be too high. Considerable man-hours and money are spent on treatment of VD in American troops and
on programs for the control of VD among prostitute populations. An evaluation of the variables under
study will provide information on the effectiveness of US military sponsored venereal disease control
programs directed at these prostitute populations.

DESCRIPTION: Laboratory and interview data were collected from 520 women. Four hundred and forty
-four of these solicit US military personnel and 76 solicit only from the local national (Thai) population.
Most women were selected from those attending VD clinics, but 20% were selected from other sources in
order to gain information most representative of the entire population.

PROGRESS: Data are currently being analyzed. it is anticipated that analysis and write-up will be
completed by July 1975.

SUMMARY: Laboratory and interview data were collected from a total of 520 Thai prostitutes. This will
provide unique behavioral and laboratory information on VD In this population and effectiveness of VD
control programs. Data analysis and write-up are currently being conducted.
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Mosquito Fauna of Thailand

Principal Investigators: Douglas J. Gould, Ph.D.
bruce A. Harrison, CPT, MSCI
Y.M. Huang, Ph.D.'
E.L. Peyton'
Rampa Rattanarithikul
John F. Roelsrt, MAJ, MSCI
Sunthorn Sirivanakarn'
R.N. Wilkinson, CPT, MSC

OBJECTIVE: To collect, identify, catalogue and redescribe the mosquito species of Thailand. information
Is also being gathered on the distribution, larval habitats end other aspects of the bionomics of various
species. The eventual goal is the production of monographs on the mosquitoes of the area, together with
keys, handbooks and other identification aids, for use of workers in public health and associated fields.

DESCRIPTION: Mosquitoes are collected from many areas of Thailand in connection with various studies
on malaria and other arthropod-borne diseases. Additional collections of a specialized nature are made
to obtain a correlated series of larvae, pupae and adults for illustration and taxonomic studies. The
majority of this material is shipped to the Smithsonian institution for study by specialists in the Southeast
Asia Mosquito Proect (SEAMP).

PROGRESS: During this year 867 collections of mosquitoes were made in Lampang, Chlangmal and Kan.
chanaburi provinces. These collections resulted in 7,300 pinned adults, 6,190 slide mounts of larvae,
larval and pupal skins and 20 slide mounts of terminalla. Progeny rearings of nine Aedes (Finlaya) niveus
group mosquitoes from filarlasis study sites In Kanchanaburi province yielded a total of 190 pinned adults,
182 slide mounts of larvae, larval and pupal skins.

Culex: An attempt to collect all species of the Culex (Culex) vishnui subgroup of Thailand is nearing
completion. Culex barraudi and Culex whitei, rare species of this group, were collected from seepage
pools, ground pools, wells and paddy fields in Chiangmai and Lampang provinces. Collections of all
stages of Culex alienus, C. annulus, C. perplexus, C. pseudovishnui and C. tritaeniorhynchus were obtained
during the previous period.

Aedes: Work on the important niveus complex of species In Aedes (Finlaya) has been concentrated mainly
at Sangkhlaburi in Konchanaburl province. Aedes niveoides seemed to be one of the most abundant
species in this area. Another three unidentified species were obtained from bamboo cup collections.

Ten species of Aedes (Stegomyia) were collected during filarlasis studies in Sangkhlaburl district. The
Immature stages of A. albopictus have been collected in association with those of A. pseudalbopictus.

Heizmannia: Approximately nine species of this genus were collected at Sangkhloburh. H. reidi, H. mattinglyi,
H. covelli females and an unidentified male were collected and reared from immature stages. Heizmonnia
mattinglyi which is known only from the adult female was collected In association with H. covelli.
Associated larval and pupal skins of both these species are Indistinguishable, but the male terminalia are
typical of H. covelli.

1 SEAMP, Smithsonian Institution, Washington, D.C.
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Potho 1gos of Medicully Important Mosquitoes of Thoil.d

Principal Investigators Stephen C. Hembree, CPT. MSC

Associate Investigator: Douglas J. Gould, Ph. D.

OBJECTIVEt To detlermlne the kinds of Insect pathogens present in medically Important species of mosquitoes
in Thailand and to ýIucidate the biology of selected pathogens sufficiently to assess their potential as
biological mosquito control agents.

BACKGROUND: Successful and economically feasible biological control of certain important agricultural
and forest insect pests with pathogens, used alone or in combination with other control agents, has been
thoroughly documented. Several pathogens for use against agricultural pests have been approved by the
Food and Drug Administration and the Environmental Protection Agency and are currently being produced
commercially and used in the United States. Interest in the potential of pathogens for the control of
medically important arthropods is not new, but the successful use of pathogens in agriculture and forestry,
combined with widespread environmental interest, has provided Impetus in recent years for more vigorous
Investigation of their potential value to medical entomology. The SEATO Medical Research Laboratory
is an ideal location for such investigations, for in Thailand there are mare than four times as many species
of mosquitoes (400+) as in the United States. Among these are several species of primary international
importance as disease vectors.

DESCRIPTION: During the first six months of this prolect the slide-mounted mosquito larvae in the
taxonomic collection of the Medical Entomology Department was screened for microscopically detectable
pathogens. Also, a field survey for mosquito pathogens was initiated. The survey has concentrated on
Culex pipiens quinquefasciatus in the Bangkok-Than Burl area. Large numbers of larvae collected at various
locations were transported to the laboratory. These were visually examined for gross signs suggesting
presence of pathogens, such as loss of pigmentation, presence of abnormal color, aberrant swimming behavior,
and conspicuously abnormal body proportions.

Larvae displaying gross signs of pathology were segregated. Part of these abnormal larvae were examined
microscopically in wet-mounts and/or as Glemsa-or hematoxylin-stained squash-smears, while the balance
were prepared for paraffin sectioning and hematoxylin-eosin staining. when large collections of larvae
showing grossly abnormal signs were made, a portion of the collections were reared in the laboratory and
the mortality rate was recorded. Smears were made of larvae and pupae that died. Surviving pupae
were allowed to develop to adults and the progeny of these examined for evidence of transovarial (vertical)
transmission. Attempts to transmit pathogens by per os exposure of uninfected laboratory- reared larvae
were also made. Survivors of these tests were reared and their progeny examined for evidence of vertical
transmission.

PROGRESS: Five distinct species of fungus of genus Coelomomyces were found in the slide - mounted larval
collection. Culex tritoeniorhynchus and C. 'ascocephaia were infected with apparently the same species, three
different species were found in Anophcies vogus and one in A. nivipes. One nematode infection was found
in C. fritaeniorhynchus.

Seventy-eight collections of C. pipiens quinquefasciatus were made at 54 locations in the Bangkok-Than
Burl area. Stained smears of larvae from 67 of the 78 collections were examined. Examination of all
material collected is not complete, but the following observations have been made. Of 2073 larvae
displaying grossly abnormal signs, microbial agents were found in 1971 (95%). Microbial agents were often
seen within tissues or hemolymph of larvae examined in wet-mounts prior to squash -smearing. The
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presence of numerous microbial contaminants on the integuments and within the alimentary canals of larvae
possibly obscured infections that will become apparent with the examination of sectioned material.

Two microbial agents were present in almost all specimens showing gross signs of disease. One was a

dark - staining cytoplasmic inclusion, about four microns in length, that appeared to replicate by transverse
fission. This agent could be seen within cells In larvae examined in wet mounts. It has been transmitted
to uninfected larvae in the laboratory. The other common agent was of minute bacilliform structure at the
limit of resolution of the light microscope, somewhat less than one micron in length. This agent could be
detected within the hemolymph of larvae examined in wet-mounts by its intense Brownian motion and in
smears stained with Giemsa's stain at pH 7.4. Larvae containing this agent died almost without exception.
The agent has been transmitted to uninfected C. quinquefosciatus larvae in the laboratory. Microsporidia
were found in 27 of 67 (40%) collections from 15 of 54 (28%) locations surveyed. Preliminary transmission
attempts have not been successful, but definitive attempts are planned.

One fungal agent has been found which presents by turning mosquito larvae orange. All transmission
attempts with this agent have been unsuccessful. More material is being sought in the field.

An additional agent in the size range and with the staining characteristics of a polyhedral virus was
collected from 11 of 54 (20%) locations. This agent was transmitted in the laboratory, but transmission
rates were lower than those expected with a polyhedral virus and the identity of the agent remains in
doubt. Further studies are underway.

DISCUSSION: Distortion of Coelomomyces sporangia resulting from the mounting techniques used for
mosquito larval taxonomic specimens made species determination impossible. Adult forms are required for
identification of Insect nematode parasites, so the larval nematode found could not be identified.

Studies are underway to determine the identity and to define the biological characteristics of agents found
in surveys of Culex pipiens quinquefosciatus. Efforts in the following areas will be required: (1) culturing
of bacteria and fungi, (2) electron microscopy of suspected virus, rickettsiae, and microsporidia, (3)
transmission experiments to determine optimum conditions and methods for transmission and propagation,
and (4) experiments to establish host rangei. The survey for mosquito pathogens will be extended both
geographically and to include other species of medical importance.

Access to the scientific literature In Invertebrate pathology is essential for the identification of mosquito

pathogens, and the literature is a time - saving source of methods in the propagation and study of pathogens.
Therefore, a high priority will be placed on accumulating a bibliography of pertinent literature and a
collection of reprints of previous reports of pathogens in mosquitoes.
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Evaluatito of Sysemic lnsectlide. for Central of Trombicld MAle

Principal Investigators: Douglas J. Gould, Ph.D.
Joe T. Marshall, Jr, Ph.D.
Panita Tanskul, M.Sc.

Robert E. Weaver, SFC

Associate Investigators s Inkam Inola
Vandee Norngngork

OBJECTIVE: To determine if rodent baits treated with argonophosphate insecticides are effective against
larval trombiculid mites (chiggers) on wild rodents in areas of Thailand where these mites are known to
carry scrub typhus.

BACKGROUND: In World War II more than 7,000 casualties were caused by scrub typhus in U.S. Forces
stationed in the Western Pacific and Burma. Control measures used at that time to prevent scrub typhus
included the burning of grass and the stripping of soil with bulldozers in encampments; DDT was effective
for control of mosquitoes and flies, but ineffective against the scrub typhus mites. Impregnation of cloth.
Ing with repellents such as dimethyl pthalato was the most effective method of personal protection against
chiggers, but It did not enjoy a high degree of troop acceptance. Scrub typhus continued to be a
problem during the Korean Conflict; control and prevention measures used during that period were essen-
tially the same as used during WWII. Some of the later chlorinated hydrocarbons, such as chlordane,
dieldrin and lindane, were found to be effective for area control of trombiculld mites. However, large
quantities of these insecticides were required (up to 5 ibslacre) for effective control, and because of
their non-specificity these compounds destroyed innocuous and beneficial organisms. More recently,
organophosphates, such as ronnel and Ruelene, have been employed as systemic insecticides to control fleas
on rats and dogs and ticks on cattle with a significant degree of success. Another of these compounds,
Phoxim, has been used in New Mexico to control fleas and several types of mites on wild rodents which
fed on Phoxim-treated grain (I).

The principal vector of scrub typhus in Thailand is Lep!otrombidium (L.) deliense (Walch) which parasitizes
rodents, chiefly Rottus raltus, living in scrub forest. This mite is widely distributed throughout Thailand.
During the reporting period preliminary tests of Phoxim were carried out on wild-caught Rattus rattus
trapped near Sakaerat in Nakornratchasima province. This area is located near the site of an outbreak
of scrub typhus which occurred in a unit of Thai Army personnel in 1965 (2).

DESCRIPTION: In each series of tests, wild-caught Rottus rotfus trapped in the vkinlty of Sakoerat, were
inspected for the presence of larval trombiculid mites In their ears. Previous experience trapping rats In
that area indicated that a high proportion of the trombiculld mites infesting R. rottus were T. deliense.
infested rats were separated into two equal groups; one was given a diet of Phoxim-treated corn and
the other untreated corn. During these tests each rat was confined to a cage suspended over pans
of water to catch all mites that detached from their hosts. The water was removed daily from these
pens, after a visual inspection for mites on the surface, and filtered through cotton muslin which was
examined under a stereoscopic microscope for chiggers. Mites found were removed and placed in vials
containing a moistened plaster of Paris-cl' Ai base and examined daily until It was established whether
death had occurred or if metamorphosis hou taken place. Dead mites were placed in 70% alcohol to be
later mounted and Identified. Larval trombiculid mites which underwent metamorphosis were discarded
and were considered to have survived. Upon conclusion of the tests all rats were sacrificed, and any
chiggers still attached were removed and processed in the same manner as those recovered during the tests.
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PROGRESS: Uncracked, dried corn, treated with two concentrations of Phoxim (0.24 3 and 0.36 s), was
fed to wild-caught Rattus rattus Infected with trombiculid mites. No significant increase in mortality of
mites on the rats fed treated grain was observed in either test (Tables 1, 2). In the two Phoxim trials
the proportions of T. deliense in the mites recovered from the R. rottus were 53 and 70 percent for the
0.24% and 0.36% trials, respectively. in a single test with 0.36% dimethoate-treated corn, the overall
mortality in mites on the animals fed treated grain was greater (24A) than among mites on the control
animals (3%), but not significantly higher than was observed for either group in the Phoxim tests (Table

3). However, an unusually high proportion of the mites on the rats fed dimethoate detached on the first
day of the test; 839 of the mites recovered from these animals detached on day 1, while at the same
time only 22 % of the mites on the control animals dropped off. If the data for the first day are excluded,
the toxic effects of dimethoate appear more impressive: 89x of the mites recovered between days 2 and
10 from rats fed dimethoate treated grain were dead, while only 3% of the mites recovered during the
same period from control animals died. It is probable that the dimethoate-treated grain (which had a
powetk! odor) had a fumigant effect on the mites, causing large numbers to detach from their host on
the first day of the test before the test rats had a chance to ingest much of the treated groin. Seventy
-two percent of the mites recovered from the animals In these tests were T. deliense.

REFERENCES:

1. Miller, B.E., et al: Field Studies on Systemic Insecticides I. Evaluation of Phoxim for Control of
Cotton Rat Fleas. J. Econ. Ent. (In press).

2. Sangkasuwan, V., et a!: SEATO Medical Research Laboratory Annual Report, April, 1966.
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Toble 1. Effects of O.240 Phoxim-treoted salt on Trombiculld
Mites Infecting Rottus rattus.

TEST ANIMALS (12) CONTROL ANIMAL3 (12)

Day Total No. Mite Mortality Total No. Mite Mortality
Mites Recovered (Per cent) Mites Recovered (Per cent)

I 285 15.1 172 23.8

2 341 27.5 323 31.8

3 71 39.4 92 15.2

4 11 27.3 25 32

5 4 100 14 50

6 10 70 46 26

7 2 50 28 0

8 1 100 5 0

9 0 - 0

10 2 100 0

11 2 50 0

12 2 0 0 -

13 1 0 1 100

14 667* 32.4 764" 15.6

Total 1399 28.6 1493 20.7

'Recovered after rats sacrificed
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Table 2. Effects of 0.36m Pboxim-treated Salt on Trombiculid
Mites Infecting Rattus rattus.

TEST ANIMALS (13) CONTROL ANIMALS (13)

Day Total No. Mite Mortality Total No. Mite Mortality
Mites Recovered I (Per cent) Mites Recovered (Per cent)

1 681 15 505 8

2 1519 10 953 9

3 292 20 311 9

4 107 24 159 11

5 25 56 28 53

6 3 33 20 10

7 1 100 8 62

8 12 17 2 100

9 2 50 5 80

10 2 100 3 33

11 0 _ 0

12 0 - 5 80

13 0 - 7 86

14 359* 44 1844 24

Total 3003 17 3850 17

*Recovered after rats sacrificed
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Table 3. Effects of 0.36m Olmetkcote-triated kit on Trombiculld
Mites Infecting Rattus raltus.

TEST ANIMALS (10) CONTROL ANIMALS (10)

Day Total No. Mite Mortality Total No. Mite Mortality

Mites Recovered (Per cent) Mites Recovered (Per cent)

1 2300 10.5 632 0.2

2 162 86 046 0.3

3 29 93 94 9.5

4 6 100 71 0.6

5 1 100 20 5

6 1 1.00 7 14

7 0 - 27 7

a 0 - 13 7

9 0 - 0

10 273' 91 1153* 2

Total 2772 24 2863 3

*Recovered after rats sacrificed
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Studies on the Growth, Development, and Reproduction of Gibbons in Captivity

Principal Investigators: Morkpol Tingpolapong, DVM
William T. Watson, MAJ, VC

Associate Investigators: David E. Davidson, Jr., LTC, VC
Proyot Tanticharoenyos, DVM
Yawalugsana Suttlmool

OBJECTIVE: To collect Information on the growth, development and reproduction cf gibbons in captivity,
and to collect normal biological data which may be useful in biomedical research.

BACKGROUND: A colony of gibbons (Hylobates Iar) is maintained at SMRL for use in essential medical
research projects of the laboratory. An active breeding program has been conducted for the post several
years, and 28 young have been born in the colony. Physiolcgical and hematological observations are
made on a regularly scheduled basis.

PROGRESS: Vaginal swabs were taken daily from nine adult gibbons and the time of menstruation was
recorded. Fifty-two menstruations were observed. The duration of menstruation was 1-4 days, with 58
percent of these lasting only one day. The interval between menses was 17-120 days with the most common
interval being 17-25 days. This information is similar to that recorded in previous annual reports.
Information concerning copulation behavior and fetal development Is being collected and will be reported
when sufficient data are collected to allow interpretation. Since the last reporting period five gibbons
were born in the colony. Birth data are listed in Table 1.

Table 1. Newborn Gibbons 1974-1975

Baby Date of Birth .. .. .Parents
Number Female Male

Pc 24 13 Sep 74 B-7 P-16

Pc 25 30 Oct 74 B-6 B-12

Pc 26 6 Jan 75 B-4 B-8

Pc 27 20 Feb 75 B-11 B-64

Pc 28 17 Mar 75 B-59 B-12

Colony-born gibbons have been examined monthly from birth to adulthood, and the sequence of tooth
eruption has been recorded. Table 2 summarizes these observations to date.
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fable 2. Tooth Eruption In Colony.born Gibbons-Meon Months 1 S.D.

Tooth Docidual Permanent

1st incisor 1.0 (2)* 14.6 __ 1.5 (6)

2nd Incisor 1.5 (2) 20.4 { 2.2 (5)

Canine 3.4 [ 1.3 (7) 48.0 (1)

Ist premolar 3.4 ± 0.5 (9) 31.0 (1)

2nd premolar 5.9 ±j 1.3 (10) 41.0 (1)

lit molar 15.1 ± 1.6 (8) 41.0 (1)

2nd molar 18.0 (2) 41.0 (1)

*Numbers in parentheses represent total number of determinations

blood Samples have been collected from all gibbons within the SMRL colony quarterly as a screening
procedure for early detection of granulocytic leukemia and other diseases. This procedure has resulted in
a large accumulation of hematologic data which have been compiled and are presented in Tables 3 and 4.
Although many of the older gibbons in the colony were inoculated with various experimental agents during
the late 1960's, the values presented represent samples taken from "nImals that were free of clinical
evidence of experimental or spontaneous disease. The Immature gibbons ave not been used experimentally.

SUMMARY: Five gibbons were born in the breeding colony of eight mating pairs during the year.
Observations on normal growth and development of colony born gibbons are presented and normal
hematologic values In young and In mature gibbons are reported. These studies are continuing.
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Table 3. Summary of Hematologic Findings In Mature Captive Gibbons-Mean Values±1 S.D.

Non-splenectomized Splenectomized
Parameter

Male Female Male Female

RBC x 106 7.70-1 1.36(385)* 8.02 1.4 (260) 7.60 ± 1.29 (368) 7.12 -- 1.28 (384)

WBC X 103 11.32 4_ 4.16 (489) 11.35 -- 5.76 (477) 12.46 ± 4.05 (426)! 13.95 ± 4.92 (443)

PCV (%) 48.92 ± 5.93 (496) 48.13 ± 3.72 (339) 48.65 - 4.93 (388) 46.77 ± 4.90 (507)

Hb (gm/100 ml) 14.74 1 1.97 (439) 14.17 1.78 (354) 14.53 - 1.82 (321) 14.23 1.70 (358)

& Lymphocytes 53.19 4-12.28 (493) 48.01 4-16.52 (428) 51.21 -23.01(410) 57.70 ±33.31(437)

0 Neutrophils 43.47 4- 17.56 (491) 47.03 19.78 (457) 39.92±- 17.58 (404) 38.20 ± 15.10(434)

4. Basophils 1.05 4- 1.06 (491) 1.20 1 1.18 (457) 1.18 ±- 0.99 (404) 1.34 ± 1.33 (434)

-G Eosinophils 2.29± 2.38 (491) 3.05 3.06 (457) 2.484- 2.38 (404) 2.21 ± 2.17 (434)

e Monocytes 3.61 ± 2.29 (491) 4.00 0 2.83 (457)3.65 - 2.60 (404): 3.41 4- 2,35 (434)

Bands 1.18-± 1.07 (491) 1.15 + 0.70 (457) 1.21 - 0.68 (4Q4) 1.14 0.60 (434),

Numbers in parentheses represent total number of determinations.

Table 4. Summary of Hematologic Findings in Immature Captive

Gibbons (< 4 years old) - Mean ± I S.D.*

Parameter Value

RBC x 106 7.18-i_ 1.07 (49)**

WBC x 103 9.87 1.58 (119)

PCV (9) 44.75 + 4.48 (124)

Hb (gm/100 ml) 14.20 o- 1.57 (43)

Lymphocytes 64.33 -_-13.39 (105)

Neutrophils 31.19 4- 12.65 (105)

SBasophils 1.02 ± 0.78 (105)

*, Eosinophils 2.44 -±- 3.14 (105)

"Moncoytes 3.41 - 2.13 (105)

Bands 0.60 -4- 0.32 (105)

* Values from both sexes included.

** Numbers In parentheses represent total examinations performed.

166



Loborotoij Animal Disease is Tbhol.d, I
1ts Occurreofe and Importasco to Compurative Medicine

P'rincipal Investilgatorso William T. Watson, MAJ, VC
Prayot Tanticharoenyos, DVM
Markpol Tlngpalapong, DVM

A-ssociate Investigators: David E. Davidson, Jr., LTC, VC
Garrett S. Dill, Jr., CPT, VC
Jerm Pomsdhit

OBJECTIVE: 'The objective of this study is to detect and investigate spontaneous diseases of laboratory
onimqls.! This Ainformation will aid in defining and improving the health of laboratory animals maintained
In:T4hailand,- and in dovaloping animal models for the study of human diseases.

DESCRIPTION: In order to accomplish the objective, a program of continuois surveillance of the health
status of the animal colony has been developed. Four areas are emphasized in this programt 1. the
disease screening program conducted in the laboratory animal breeding colony, 2. the recurring clinical
and laboratory examination of animals housed in the colony including those procedures performed during
the quarantine of newly purchased animals, 3. the post mortem examination of animals that die in the
colony, and 4. the d4velopment of standards for operation and quality control. When Indicated by the
findings, experimental ýstudies are initiated to explore In detail the problems that occur.

PROGRESS: The prevalence of spontaneous infectious diseases in the rodent breeding colony remained at
a low level during the year. This observation is consistent with findings during the previous reporting
period. Annual production of mice, rats, hamsters and guinea pigs was reduced slightly due to a decrease
in demand.

Disease screening was conducted quarterly utilizing retired breeders from the mouse, hamster and guinea
pig production units. Results of histopathologic findings are summarized in Table 1. All lesions observed
were mild and focal in nature and are not uncommon in old animals maintained under conventional
conditions. Lesions observed were considered degenerative in nature, except the pulmonary lesions in mice
which were consistent with chronic murine pneumonia, and the nematodes in the Intestinal tract of mice
which were identified as pinworms (Aspicularis sp.).

Table 1. Frequency of Histopathologic Findings in the
Rodent Breeding Colony-1974.

Number Pulmonary Gastro- Genito-- Hepatic
Species ENamined Nulmon Intestinal UrinarySpcis Examined No. () No. () No. M• No. (%)

Mouse 50 14 (28)" 5 (10)* 12 (24) 11 (22)

Hamster 30 0 2 (6) 2 (6) 4 (13)

Gpinea Pig 35 14 (40) 0 3 (8.5) 6 (17)

Nematodlasis

Bacteriologic examinations Identified organisms similar In type anq prevalence to those published in
proelvus annual reports. Virologic screening studies were performe* us.!ig sera from 50 retired breeder
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mice. The hemagglutination-inhibltion test (HI) was utilized for detecting antibodies to G0 VII, Seadol,
Reovlrus 3, Minute Virus of Mice, Pneumonia Virus of Mice, K, and Polyoma viruses. Hepatitis, Lymphocytic
Choriomeningitis, and Mouse Adenovirus antibodies were detected utilizing the Complement-fixatloo test
(CF). Results of the HI tests are shown In Table 2. Results of the CF tests were not available at the time
of publication.

During the period 1 April 1974 through 31 March 1975, 340 rhesus monkeys were Imported directly from
India. Twelve (3.5%) monkeys died during the quarantine period, primarily from gastrointestinal and
respiratory diseases (see Table 3). Intestinal parasitism and measles were prevalent In newly arrived
monkeys. One monkey that was sacrificed In February, 1975 after exhibiting clinical signs of a CNS
disturbance, had a lobar pneumonia; a Pneumococcus sp. was Isolated from the lungs.

Three gibbons In the SMRL colony died during the year. One adult male (S-S8) died of pneumonia due
to migrating Strongyloides sp. larvae. Two Immature colony-born gibbons (PC 22, PC 23) died this year.
Gibbon PC 22 died of a baterial pneumonia; no lesions were seen at necropsy examination which would
account for the death of PC 23.

Table 2. Prevalence of Virus HI Antibody in 50 Mice

Virus Antibody Percent Positive

GD VII 69

Sendal 60

Reovirus 3 60

Minute Virus of Mice 57

Pneumonia Virus of Mice 0

K 0

Polyoma 0

Table 3. Rhesus Monkey Losses During Quarantine
April 1974-March 1975

Month Number Number Intestinal Pulmonary UndeterminedReceived Deaths Disease Disease

Apr 74 85 5 (5.9%) 3 2 0

Jul 74 85 3 (3.5%) 2 0 1

Feb 75 170 A (2.3%) 1 3 0

Total 340 12 (3.5%) 6 5 1
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letween October and December 1974, ten colony rabbits developed a moderate to servere necrotic
dermatitis of the limbs. The Infection generally began on the paw and progressed proximally. Clinically,
the disease was characterized by swelling, redness, pain and loss of hair over the affected areas. Later
the skin became necrotic and sloughed. In some rabbits the entire limb was involved, while in others only
the distal portion of the limb was affected. Six animals responded to 14 days of Kanamycln therapy
(15 mg/kg/day), while four animals did not respond and had to be sacrificed. Histologically, the disease
was characterized as a necrotic or pyogranulomatous dermatitis with bacterial colonies visible in the
necrotic debris. Bacteriologic examination revealed coagulase positive Staphylococcus aureus. Affected
tissues were collected at necropsy, ground in a sterile glass Tenbrook grinder and inoculated into the
dermis and subcutaneous tissue of the hindpaw of three clinically normal raobits. One rabbit developed a
subcutaneous abscess 12 days after Inoculation which persisted until the animal was sacrificed at four
weeks. S. aureus was recovered in pure culture. The portal of entry has not been clearly established,
but may have been through the nail bed following trauma produced during toenail clipping operations.

Mice in the breeding colony were found to be infested with mites in October 1974. Alopecia, pruritus and
inflammation were the predominant clinical signs. The mite was identified as Myobio musculi. All rooms
were contaminated and all ages were affected. The condition was brought under control by whole body
Immersion of mice in a 2% malathion solution. Pregnant animals were not dipped until after their young
were weaned. Baby mice were not dipped until the time of weaning. All bedding and cages were
autoclaved before and after use for six weeks. Mortality from the dipping process was less than 0.4%.
No evidence of mite Infestation has been observed during the last three months.
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Vertebrate Reservoirs of Disease

Principal Investigators Joe T. Marshall, Jr., Ph.D.

Associate Investigators: Amara Markvong'
Vandee Nongngork

OBJECTIVE: To provide prompt identification of specimens and to advise concerning the ecology of

vertebrates involved in the trapsmission of human disease.

BACKGROUND: Our large vertebrate collection was moved to the Applied Scientific Research Corporation

of Thailand, where It became the nucleus of the Thai National Reference Collections under the curatorship
of the late Mr. Kitti Thonglongya. A definitive collection of Asian rats and mice is still housed at SEATO

Medical Research Laboratory.

Vertebrate studies starting with birds in the ecology of Japanese Encephalitis virus later shifted to mammals.

Surprising discoveries in Thai mammals upset previous taxonomies, necessitating revisions throughout the

entire Asian range of some genera. (Travel outside of Thailand was at personal expense).

DESCRIPTION: All possible evidence for species-limits has been assembled including scientific study-

skins and skulls, tape recordings of vocalizations, observations of behavior and ecology in the natural

state, host-specific ectoparasites, karyograms, and breeding experiments. Native mouse colonies have been

distributed to laboratories at Yale, Roswell Park Memorial Institute, NIH, Houston, Woods Hole, Bonn,

Cambridge, Lausanne, and New Zealand. At the moment we have requests for shipment of mice to Buffalo,

NIH, Houston, and Hannover. The above laboratories are studying viruses, cancer, cytogentics, chromosome

banding patterns, and satellite DNA. Our colony of the Asian house mouse, Mus musculus costoneus, has

been especially valuable for cytologic and cancer research because of its wealth of novel alleles unknown

In the laboratory house mouse.

PROGRESS: Identification of Infected Animals. Some identifications for various studies are listed in

Table 1.

Taxonomic Research: Table 2 Is an addition to the taxonomic checklist -previously reported (1).

Determination of the number of species of gibbons (Table 3) grew out of interest in rearing these apes

at SEATO Medical Research Laboratory, where vocal distinctions were first noticed, and where karyotypes

of three species were prepared. With E. Marshall, tape recordings were made of every species (in the

wild except for Hylobotes concolor (Figure 1). We discovered previously unknown areas of Hylobates agilis

In Southern T!iland and Central Kalimantan (Figure 2). We are the first to possess data permitting a

definitive enumeration of the species (Table 3).

REFERENCE:

1. Marshall, J. T.: SEATO Medical Research Laboratory Annual Report, April 1974

I University of Arizona, Tucson, Arizona.
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Table 2. Changes In Checklist of Thai lets and Mice (1)

Former Nano Now Name

Subgenus Leggod~lio Subgenus Pyromys

Rajah, lats Subgenus Maxomys

Niviventer Group 3ubgenus Niviventer

Rottus niviventer Rottus condalcinus

Rolfus fulvescens Rottus bukit

Rottus fulvescens fulvescens Roltus bukit grocilis

Rottus nieiii is added, as number 37, In the Subgenus Leopoidamys.

Rottus sokerotensis" Rottus Ioseo sokeratensis

Table 3. Taxonomy of Gibbons (Lesser Apes), Genus Hylobotes

Scientif ic Name Common Name Characterist ic

A. Subgenus Symphalangus 150 chromosomes
1. Hyfobotes syndoctylus Siamang

B. Subgenus Nomoscus 5 hoooe
2. Hyfobotes concofor Hainan gibbon

C. Subgenus Hylobates 44 chromosomes
1. Peripheral, Isolated species

3. Ilylobates moloch Javan gibbon
4. Hyfobotes hoolock Hoolock
5. Hyfobates klossi Mentawal gibbon

11. The Lar complex
a. Superspecies of piieatus/mueileri Bubbling great-call

6, Hylobates pifeolus Hieated gibbon
7. Hylobates muelferi Sornean gibbon

b. Superspecles of agiiis/lar "Soaring" great-call
S. Hyfobates agilis Agile gibbon
9. Hylobotes lor White-handed gibbon
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Figure 2. Distribution of species of gibbons. Solid circles indicate
the places where the author tape-recorded wild gibbons;
open circles are places whence recordings were supplied
by colleagues.
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Migratory Animal Pathological Survey

Principal Investigatori H. Elliott McClure, Ph.D.

OBJECTIVE: The objectives of the MAPS program as set out in the original proposal of 1963 was to
learn the migration routes of birds of East Asia, the ectoparasites that were harboured on the birds and
the haematozoa which infected birds as correlative data for use by epidemiologists interested in the
dispersal and periodic occurrence of human Infections, especially the arthropod borne viruses and
rickettsias.

BACKGROUND: in October 1973 the Migratory Animal Pathological Survey activity was closed and all
of the files and library moved from the Applied Scientific Research Corporation of Thailand (ASRCT) to
the SEATO Medical Laboratory. A final report on the study of bird migration in Eastern Asia has been
completed and published in book form (1). The first quarter of the year was devoted to proof reading
and composition of the book which came off the press in June. More than 1,000 copies were mailed
to ornithologists and libraries throughout the world and there has been a steady demand for copies ever
since.

This report summarized the results from the banding of more than 1,200,000 birds of 1,218 species in ten
countries of Eastern Asia; India, Thailand, Malaysia, Indonesia, Philippines, Taiwan, Hong Kong, Japan and
Korea. There were more than seven thousand recoveries from these birds and their movements demonstrated
that there were four major flyways across Asia, the studies being made in the East Asian and Indo-Aslan
flyways. The other two flyways are the Eastern European and Western European. Within these four
flyways are numerous migration routes related to species and populations. Most species or populations
remained in a given flyway without much overlap to adlacent ones. A given species with a wide distribu.
tion may have populations restricted to certain flyways and migration routes. Other information arising
from these studies demonstrated that there was migration within the temperate zone and limited to it,
migration within the tropics and limited to it, nomadism, altitudinal migration, and local dispersion as well.

Survival among the birds followed patterns already demonstrated in Europe and North America. Juvenile
mortality Is 60% or more until they gain experience. Following the first year survival rises until 75% or
more live through each succeeding year. Data from Malaysia where there was a long term survival study
indicated that many species were long lived, even tiny sunbirds which were still alive and active at 12
years.

PROGRESS: The work of MAPS was divided into three phases; bird migration, ectoparasites, and avian
haematozoa. Summary of the ectoparasite studies appeared In book form in 1973(2). During the remain.
der of 1974 much time was devoted to the preparation of a report on the haemotozoa studies. These had
involved the examination of more than 50,000 blood films from 1,147 species which had been completed
before the project was closed at ASRCT. Summary, analysis, and revision are still underway and it is
expected that the volume will be completed in 1975 or 1976 to make up the third report from this
extensive study in Asia.

In the meantime recovery records continue to come in from hunters and bird students in Eastern Asia
gradually Increasing our knowledge of the survival of birds. Many species have now passed 10 years.

REFERENCES:

1. McClure, H.E.: Migration and Survival of the Birds of Asia, Bangkok: U.S. Army Component, SEATO
Medical Research Laboratory, 1974, p 476.

2. McClure, H.E. and Ratanaworabhan, N.: Some Ectoparasites of the Birds of Asia, Bangkok: Applied

Scientific Corporation of Thailand, 1973, p 219.

175



MALARIA STUDIES



The Suppresslon of Plasmodium faiciporum aid Plasmodium vivox
Parasitemlas by a Diformyldapsoeo- Pyrlmotlomlee Combiaftioe

Principal Investigator: Eliot J. Pearlman, MAJ, MC

Associate Investigators, Withoon Thlemamun
Ben F. Castaneda, SFC

OBJECTIVE: To study the effectiveness of the combination of diformyldapsone (DFD) 200 me aid
pyrlmethamine (Py) 12.5 mg in suppressing parasitemias In an area with known chloroquine resistant
falciparum malaria.

BACKGROUND: The combination of dapsone (DDS) and pyrimethamlne (Py) in the chemosuppression of
chlaroquine resistant falciparum malaria has been previously shown to be efficacious. The longer half life
of the diformyl congener of dapsone should render this sulfone in combination with pyrimethomine a better
chemosuppressive agent.

DESCRIPTION: Six hundred and fifty-nine semi-immune study subjects from three villages In Prachinburl
Province, Northeast Thailand were assigned to one of five drug study groups. Sublects received a weekly
medication, under a double blind design, of one of the following:

a. DFD 200 mg and Py 12.5 mg
b. DFD 400 mg
c. DOS 100 mg and Py 12.5 mg
d. Py 25 mg

e. Placebo

Each study subject was visited weekly; at which time the medication was given and swallowed under
supervision; a capillary blood drawn for a thick-thin malaria smear; and a history of illness since the
prior visit noted. Following the drug phase of the study four additional followup visits were made.

PROGRESS: Five hundred ninety-three study subjects (90%) completed the twenty-six week course of
medication. Figure 1 shows that the weekly attack rates of new falciparum infections were lower during
the medication phase of the trial in the sulfone groups (DFD-Py, DDS-Py, and DFD) compared to either
the pyrimethamine or placebo group. It can be further seen that parasitemias were suppressed In the DFD-
Py, DDS - Py, and DFD groups in the early phase of the study. An increased number of falciparum cases
was seen in weeks 7 - 8 in both the DFD - Py and DFD groups, while a similar Increase was seen In the
DDS-Py group later (week 13).

Figure 2 shows the cumulative Infection rates of Individual study subjects in the course of the 26 week
trial and the subsequent follow -ups. The data Indicates a 4.6 fold reduction in the cumulative parasitemic
rate for P. falciparum in the DFD - Py group and a 6.4 fold reduction In the DDS - Py group when compared
to the placebo group.

The results of microscopy for falciparum parasitemias are given in Table 1.

Statistical evaluation comparing the various drug regimens was undertaken. Highly significant results were
obtained which showed that DFD--Py, DDS-Py, and DFD alone were effective chemosuppressive agents
against P. falciparum when compared with placebo alone (0.0005 > p). DFD - Py, as a combination, was
more effective than its component parts: DFD (0.0005 > p) or Py (0.0005 >. p) in suppressing a falciparum
parasitemia. Significant differences, likewise, were seen when DDS-Py was compared with DFD alone
(0.0005> p), and Py alone (0.0005> p); however, a direct comparison between DFD-Py and DDS-Py
failed to reveal any significant difference in efficacy (0.4875 > p> 0.475). Table 2 summarizes these
statistics.

179



Table 1. Results of Slide Microscopy* Drug Groups

Slide results Pyrime.
tSsimlae DFD-Py Placebo DDS-Py DFD

Negative slides 2139 2697 2015 2716 2528

Falciparum (P.f.t.) positive 433 27 449 28 58

Vivax (P.v.t.) positive 124 25 148 46 111

Mixed (P.f.t. + P.v.t.) positive 22 2 14 1 6

Total 2718 2751 2626 2791 2703

* Excluded are P. falciparum gametocytemla (P.f.g.) results and smears preceded the week
before by absenteeism.

Table. 2 Calculated Student-t-values for Falciparum Parasitemlas (P value)

DFD Py Placebo DDS-Py

DFD-Py 3.7470* 20.4216* 21.0752* 0.0553
(0.0005> p) (0.0005> p) (0.0005> p) (0.4875> p> 0.475)

DDS-Py 3.81816 20.5830° 21.2391*
(0.0005> ) (0.0005> p) (0.0005> p)

"Values significant In favor of DFD-Py
" Values significant In favor of DDS-Py

While study subjects receiving the drugs: DDS-Py, DFD-Py or DFD alone were parasitemlc less often
(Table 3), no statistically significant difference (X2 = 2.1613; 0.40 > p> 0.35) In the density of falcipa.
rum parasites was seen (Table 4).

Table 3. P. folciparum Asexual Parasitemlas Experienced
by Study Subjects During Chemosuppression

Number Number (prop.) Total (average) Average duration
Group Nujeerinfected number of (weeks) ofsublects episodes episode

DDS-Py 123 12 (0.10) 17 (1.42) 1.42

DFD-Py 118 16 (0.14) 19 (1.19) 1.42

Diformyldapsont 117 26 (0.22) 42 (1.62) 1.43

Pyrimethamine 118 64 (0.54) 207 (3.23) 1.89

Palcebo 117 73 (0.62) 234 (3.21) 1.98
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Table 4. Densities of P. falciporum Asexual Perasiltmles
Experienced by Study Subjects During Chemosuppressloe

Number (proportion)

Group parositemlas*

<_20 >20

DDS-Py 16 (0.94) 1 (0.06)

DFD-Py 16(0.84) 3(0.16)

Diformyldapsone 39 (0.93) 3 (0.07)

Pyrimethamine 180 (0.67) 27 (0.13)

Placebo 208 (0.89) 26(0.11) i J

* In parasites per 100 white blood cells.

With cessation of chemosuppression the following new falclparum Infections were seen In the five groupst
thirteen in the DFD-Py group; eleven in the DFD group; fifteen in the DDS-Py group; one in the
pyrlmethamine group; and two in the placebo group. Of these post-treatment falciparum parositemlas,
24 of 42 occurred four months later. This would correspond to June, 1974, and the start of a new
malaria transmission season.

A large number of vivax infections were seen in this study as shown In Table 5.

Table 5. P. vivax Parasitemia Experienced by
Study Subjects During Chemosuppression

Group Number of Number (prop.)

sublects infected

DDS-Py 123 17 (0.14)

DFD-Py 118 16(0.14)

DFD 117 28 (0.24)

Py 117 52 (0.44)

Placebo 117 51 (0.44)

The Py and placebo groups each had a 44% cumulative vlvax infection rate while the DFD-Py group had
14%, the DDS-Py group 14%, and the DFD group 24%. Statistical evaluation (Table 4) showed that the three
sulfone groups suppressed vivax parasltemlas better than pyrimethamine when compared with the control
group. Py alone was totally ineffective. DFD-Py was not only more effective than Its component parts,
DFD (0.0005> p) and Py (0.0005 < p), but DFD-Py was also more efficacious than DDS-Py (0.01 > p>
0.005) in the weekly chemosuppression of vivax malaria. DDS-Py likewise was more effective than DFD
alone (0.0005 > p) and Py alone (0.0005 > p) In the weekly suppression of P. vivax parasitemlas. Table 6
summarizes this information.
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rable 6. Calculated Student-t- values for Vivax Parositemlos 4p value)

DFD Py Placebo DD3-Py

DFD-Py 7.7092* 9.2758* 9.2751* 2.2793*
(0.0005> p) (0.0 005> p) (0.0005> p)

DDS-Py 5.7599" 7.4425* 8.5668 -

(0.0005> p) (0.0005> p) (0.000537p)

* Values significant in favor of DFD-Py

" Values significant In favor of DDS-Py

Following completion of the chemosuppressive phase of the study there was an increase seen in new cases

of vivax malaria in the DFD - Py group, 15; DDS - Py, 16; DFD, 11; Py, 4; and placebo, 5. The Increase

in the cumulative values for vlvax Infections are for the DFD-Py group from 0.14 to 0.29; for the DDS-Py

group from 0.14 to 0.27; for the DFD group from 0.24 to 0.33; for the Py group 0.44 to 0.48 and for

the placebo group from 0.44 to 0.49.

SUMMARY: The combination DFD-Py given weekly was shown to be an effective chemosuppressive against

both falciparum and vivax parasltemlas, causing a four fold plus reduction in falciparum parasitemias, and

an approximately three fold reduction In vivax parasitemias; however, this combination was not more

efficacious than DDS-Py for the chemosuppression of falciparum malaria. DFD was only moderately

effective, while there was no difference in chemosupperssion between pyrimethamine and placebo.
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The Suppresslon of Plasmodium falciparum and Plosmodium vlvax
Parasitemlas by a Suifadoxim - Pyrimethamise Combination

Principal Investigators Eliot J. Pearlman, MAJ, MC
Richard M. Lamp*, MAJ, MC

Associate Investigatorst Withoon Thlemanun
Robert S. Kennedy, SFC

OBJECTIVE: To study the effectiveness of the combination of sulfadoxine (S) 500 mg and pyrimethomine
(Py) 25 mg given in two dose regimens in suppressing parasitemias in an area with known chloroquine
resistant falciparum malaria.

BACKGROUND: The combination of a sulfone or sulfonamide with pyrimethamine In the chemosuppression
of chloroquine resistant faiciparum malaria has been previously shown to be efficacious. The longer half

life of a long acting sulfonamide, such as sulfadoxino (t0 1 2 = 150-200 hrs), should render this, In cor.
bination with a matched (in terms of t112 ) dihydrofolic acid reductase, a better chemosuppressive agent.

DESCRIPTION: Seven hundred and fifty six semi-immune study subjects from four villages In Prachinburi
Province, Northeast Thailand were assigned to one of five drug study groups. Subjects received, under a

double blind design, one of the following medications:

a. Sulfadoxine 1000 mg- pyrimethamine 50 mg biweekly

b. Sulfadoxine 500 mg- pyrimethamine 25 mg biweekly

c. Diformyldapsone 200 mg - pyrimethamine 12.5 mg weekly

d. Diformyldapsone 400 mg - pyrimethamlne 25 mg weekly

e. Placebo weekly

Each study subject was visited weekly, at which time the medication was given and swallowed under
supervision, a capillary blood drawn for a thick-thin malaria smear, and a history of Illness since the
prior visit noted. For those sublects receiving a biweekly medication regimen, placebo tablets were given
on the alternate weeks; thus study subjects received two tablets weekly.

PROGRESS: The twenty-six week course of medication phase of the study was concluded on 8 February

1975. Currently the study subjects are being monitored bimonthly for evidence of malaria transmission

in the absence of chemosuppressive agents. At the termination of the medication phase, the average

weekly study subject participation rate was approximately 88%. As the microscopy has not been completed,

no data reduction is possible at this time.

SUMMARY: The combination of sulfadoxlne and pyrimethamine has been given biweekly at two dosage

levels for 26 weeks to semi-Immune individuals In an area known to have chloroquine resistant falciparum

malaria. The preliminary results of this study are not yet available.
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Evaluation of the Sporontlcldal Activity of Pyrimethasine-sulfadoxlne
(Fansidar) Against P. folciporum In Thailand

Principal Investigators$ Edward B. Doberstyn, MAJ, MC
Douglas J. Gould, Ph.D.
Suphat Neoypotimanondh, M.D.
Stephen C. Hembree, CPT, MSC
Anthony P. Hall, COL, MC

OBJECTIVE: To determine the effect of single dose Fansidar therapy upon the subsequent development
of oocysts and sporozoites of P. falciporum In vector mosquitoes and to correlate this information with
platma levels of pyrlmethamine and sulfddoxine at the time of mosquito feeding. The activity of pyri.
methamine alone will also be evaluated.

BACKGROUNDt Fansidar, the fixed combination of pyrimethamine and suifadoxine, has been shown to be
very effective against chloroquine resistant and chloroqulne sensitive strains of P. falciparum as well as
P. viyox malaria In many parts of the world. It is currently recommended in Thailand as an alternative
therapeutic regimen in the guidelines of the National Malaria Eradication Project. A number of studies
(1, 21 have proven its effectiveness as a schizonticide, but it has not heretofore been adequately Investi.
gated as a gametocytocide and sporonticide. Chin, et al. (1) fed Anopheles b. bolobacensis mosquitoes
on patients following single-dose therapy; however, plasma levels of the constituent drugs were not deter.
mined at any time. In their series, 47% of mosquitoes fed on patients with gametocytemia showed
development of the parasite up to the sporozoite stage, after feeding on days 7-9 and 13-14 following
therapy.

In view of the already widespread use of Fansidar in the therapy of malaria in Southeast Asia, and its
emergence as the drug of choice for chloroquine -resistant malaria in many parts of the world, the effect
of this drug upon the infectivity of gametocytes needs to be conclusively determined. Epidemiologically,
it is essential to be aware of the need for the additional use of a sporonticidal such as primaquine, in
combination therapy.

DESCRIPTION: Patients presenting to the Malaria Eradication Service and district hospital outpatient
clinics in Phrabuddhabat, Central Thailand, who are at least 15 years old and are found to have Infections
with P. folciporum are considered eligible for admission to the study.

Eligible patients are then randomly assigned to one of three groups: Group A: patients are treated with
a single dose of Fansidar, two tablets (total 50 mg pyrimethamine, 1000 mg sulfadoxine). Group B:
patients are treated with quinine, 10 grains every eight hours for six days. Group C3 patients receive
quinine as in Group B, plus pyrimethamine 50 mg daily for three days.

Fansidar, either alone or In combination with quinine, is' the standard therapy for P. folciparum used in the
outpatient clinic and on the wards in Prabuddhabot Hospital, and In the clinic operated by the National
Malaria Eradication Prolect.

Medications are administered by the nursing staff, under the supervision of the study physicians. At the
conclusion of the 21-day study period, patients from Group B arfd C are given two tablets of Fansidar.
Recrudescences, if they occur, are re-treated with Qulnine-Fansidar on an individualized basis.

Parasite counts ore performed and blood is drawn for pyrimethamine and sulfadoxine levels before
treatment Is begun, daily in hospital and on days 5, 10, 15 and 20. Mosquito feeds are performed on
days 0, 5, 10, 15 and 20 using colonized A. b. bolabacensis from the SEATO Medical Research Laboratory
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Phrobuddhabat Insectary. Patients are asked to return to the SEATO Medical Research Laberatory l ysecy
for follow-up. if Necessary, they are followed at home.

Ten percent of the mosquitoes fed on the patients are dissected tea days after feeding, end oil mosquite.s
are dissected on day 15, regardless of the results of the day 10 dissection.

Plasma pyrimethamine and sulfadoxine levels are performed at the SEATO Medical Research Loberitory
Biochemistry Laboratory.

Numbers of mosquitoes developing oocysts and sporozoites will be evaluated as a function of plasma levels
of drug at the time of feeding. Patients treated with quinine, which Is known to have so effect on
gametocytogeny or the development of mosquito forms, will provide the control population.

PROGRESS: Data collection is incomplete, and biochemical analyses are still pending, but it is becoming
apparent that gametocytes from patients with detectable pyrimethamine and sulfa are Infective to mosquitoes
in some cases. To date, four of eight patients treated with the pyrimethamine-sulfadoxine combination
developed gametocytes Infective to the vector mosquitoes. All patients had detectable serum levels of
pyrimethamine and sulfadoxine at the time of mosquito feeding.

REFERENCES:

1. Chin, W., and Rattanarithikul, M.: The Evaluation of the Presumptive and Radical Treatments against
Falciparum Malaria in Thailand. Southeast Asian J. Trap. Med. Pub. Health, 4; 400, 1972.

2. Chin, W., Bear, D.M., Coiweil, E.J., and Kosakal, S.s A Comparative Evaluation of Sulfalene-trime.
thoprim and Sulphormethoxine-pyrimethamine against Falclparum Malaria In Thailand. Am. J. Trap.
Med. Hyg. 22%308, 1973.
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Hospital Survey of Malaria in Trod Province, Southeast Thailand

Principal Investigators 3 Anthony P. Hall, COL, MC
Edward B. Doberstyn, MAJ, MC
Robert J. Schneider, CPT, MSC
Eliot J. Pearlman, MAJ, MC
Herbert E. Segal, MAJ, MC

Chinda Witayarut, P.H.N.

Associate investigators: Panya Sonkom, M.D. I

Sanong Kosakal, M.D. I

OBJECTIVE: To conduct a comprehensive outpatient and Inpatient survey of the clinical picture of falcipa.
rum and vivax malaria in a highly endemic area and to relate these findings to the results of therapy.

BACKGROUND. Certain parts of Trod Province are highly endemic for malaria and this disease accounts
for 50% of all admissions to the Trod Hospital. SEATO studies were initially performed at the Hospital
by Colwell and his team in 1970. The Rieckmann in - vitro test showed that the falciparum malaria was
highly resistant to chloroquine. Extensive experience was also gained with the combination of quinine and
tetracycline In the treatment of faiciparum malaria. These studies terminated in 1971. In January 1973
an outpatient clinic was established at the Trad Hospital and maintained for an 18 month period.

DESCRIPTION: The SEATO outpatient clinic at Trod Hospital was open daily from 11 January 1973 to 21
July 1974. The patients were self-referred or referred by the Hospital staff. The subjects varied from
healthy people requesting a blood checkup to patients In deep coma admitted to the ward and then examined.
On each patient the following details were recorded: the SEATO OPD number, date, time, age, sex, name,
asexual count, gametocyte count, history of malaria and the fact whether the patient had been born locally
(local) or migrated from another part of Thailand (migrant). On patients with a positive malaria slide, a
clinical history was taken, the temperature recorded and examination performed for splenomegaly. Selected
patients positive for malaria were admitted to the ward and treated with one of the therapeutic regimens
being evaluated. Further data was systematically collected. The data was entered on punch card transcripts
and computer analysis will be performed. Complete data an an individual patient comprises the followingt
age, sex, parasite count in clinic, temperature in clinic, presence or absence of splenomegaly (in clinic
or ward), migrant or local status, prior history, Initial parasite count in hospital, maximum parasite count
In hospital, parasite clearance time (in hours), initial temperature In hospital, temperature clearance time
(in hours), lowest hematocrit, weight, serum bilirubin, serum creatinine, type of therapy and therapeutic
result.

PROGRESS: During the study, 11,241 patients were screened for malaria In the clinic by means of a
blood film. Falclparum malaria was diagnosed in 4,824 people and vivax malaria in 929 (Table 1). In
1973 the first peak for falciparum malaria (Figure 1) occurred in April (344 cases) and a second peak in
November (359 cases). The incidence of vivax malaria showed an irregular fluctuation. The prevalence
of malaria was much greater In 1974 and falciparum malaria peaked again in April (511 cases). Vivax
malaria peaked in May 1974 (122 cases). About 950 patients w!th falciparum malaria were admitted to

the ward and studied by the SEATO Lab.

Details of the therapeutic regimens used and results obtained are detailed elsewhere in this report. Com.
puter analysis of all the data has not yet been completed. Preliminary analysis of the data has clearly
shown that the average severity of the disease (as shown by the parasite count) was greater in the

1 Trod Provincial Hospital, Thailand
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patients who had migrated from other parts of Thailand, In comparison with those We h oteAy. Alle nhe
averae level of parasitemla was lower in women and in old people. The largest group of pfleaets with
falciparvm salaria had a parasite count between 10,000 and 100,000 per cv.mm. There was a psiltive

correlation between the parasite count, the degree of anemia and the degree of jaundice. Clinically the
average severity of the disease Is worse during the seasonal peaks of Incidence. It will be Interesting
to see whether the computer analysis supports this impression.

SUMMARY: Between January 1973 and July 1974, the S3ATO laboratory maintolued a malaria outpatient

clinic in a highly endemic area of Southeast Thailand. The peak of malaria incidence was higher in 1974

than 1973. This confirms that malaria Is still a serious problem in that area. Four thousand eight hundred

patients were diagnosed in the clinic as having falciparum malaria and about 950 of these patients were

admitted for therapeutic studies. A computer analysis of the outpatient and inpatient data is being
prepared.

Table 1. SEATO Clinical Trad Hospital 1973-1974

Number of Patients with Falciparum and Vivax Malaria

Month Patients Falciparum Vlvax
Screened Malaria Malaria

1973

January* 167 75 11
February 318 102 14
March 618 278 44
April 743 344 38
May 642 252 43
June 585 221 46
July 537 225 37
August 603 208 51
September 436 103 31
October 292 71 13
November 590 359 41
December 483 268 25

Total 6014 250# - 394

1974

January 404 187 34
February 487 239 43
March 800 378 s0
April 1071 511 112
May 1111 481 122
June 950 385 102
July** 404 137 42

1973-1974 11241 482A 929
Total-11241

"11.31 January 1973

1 1.21 July 1974
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Amedlequle Resistant Falcilpavm M#lle le Tiailked

Principal lvestlgatorsI Anthony P. tlail, COL. MC
"Herbert E. Segal, MAJ, MC
Eliot J. Pearlman, MAJ, MC
Pung Phintuyothin, MG, RTA, (Rtd.I

OBJECTIVE: To determine the comparative efficacy of amodioquine and chioroqulme against falciparum
malaria In Thailand.

BACKGROUND: Interest In A - aminoquinolines other than chloroquine was reawakened by Schmidt as quoted
by Rleckmann, (1) who found in owl monkeys that two chloroquine-reslstant strains of P. falciporum were
more susceptible to amodlaquine than to chloroquine. Rieckmann obtained similar findings both in vitro
and in vivo although radical cures were not achieved in volunteers. Fitch demonstrated that owl monkey
erythrocytes infected with chloroqulne resistant P. falciparum had a deficiency of chioroquine-14C uptake,
but not deficiency of omodiaqulne-14C uptake (2). Therefore, we compared the therapeutic efficacy of
the two drugs in a chloroquine-resistant endemic area. Preliminary results of this study have been
tabulated (3).

DESCRIPTION: The study was performed at Trad Hospital In Southeast Thailand In 1973 and 1974. Details
of the research methods hove recently been given (3). The area is forested and malaria is endemic
throughout the year. Chloroquine given either orally or parenterally (but not omodlaquine) is used frequently
to treat patients with the clinical diagnosis of malaria. Chemoprophylaxis is not practiced In the community.
All patients were fully Informed on the nature of the drug trial and consent was grarted voluntarily. They
all had mild or moderate falciparum malaria and an asexual count greater than 1,000 per cu.mm. Alternate
patients were assigned to chloroquine or amodloqulne. Chloroquine Is 7 - chloro - 4 (4'- diethylamino -I
-methyl butylamino) quinoline. The dosage form used was not enteric coated ("Nivaquine" tablets by
May and Baker which contained 150 mg of chloroquine base). Amodlaqulne is 7-chloro-4 (3, dlethylamino
methyl 1-4,-hydroxyanilino) quinollne, and the dosage form was a non-enteric coated tablet (Camoquine
by Parka-Davis) which contained 200 mg of the base. A 1.5 g course of both drugs was administered
during three days; 600 mg on the first day was followed by 300 mg six hours later and 300 mg on
each of the succeeding two days.

Because only a minority of patients were cured by 1.5 g of amodlaquine given during three days, a 2.0 g
course during four days was studied in an additional group of patients. Most patients received 400 mg
(two tablets) initially followed by 400 mg six hours later on day 0, then 400 mg on the mornings of days
1, 2 and 3. All medications were administered by the study physicians.

Direct quantitative parasite counts (4) were performed before treatment, twice daily in hospital for at least

three days and on days 14, 21 and 28 from the beginning of therapy. Daily hematocrits and leukocyte counts
were done. Fifty milliliters of urine were obtained daily and frozen. The specimens were later analyzed

for amino-quinoline content. Ten milliliters of urine (ph 8.3) were extracted with 25 ml of a 4:1 solvent
of chloroform and isopropanol. Ten grams of anhydrous sodium sulfate were then added to the extract
and the solutions filtered. The dried filtrates were dissolved in a few drops of methanol and then spotted
on TLC plates precoated with silica gel. The plates were developed with a mixture of ethyl acetate,
methanol and ammonium hydroxide (85: 10: 5) and then sprayed with acidified lodoplatinate. Control urines
containing added chloroquine or amodlaquine were processed similarly and used as standards. The Rf for
chloroquine was 0.85 and for amodlaquine was 0.96.

CHLOROQUINE 1.5 g. In hospital, chloroquine cleared parasltemla In only three of the 13 patients
(Table 1) despite the mildness of many of the infections (average parasite count only 13,920). One of
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these men developed a recrudescence In the follow -up period; the other two could not be traced. in many
patients chloroqulne had little or no effect on porasitemia-a potentially dangerous situation. Therefore,
treatment with chloroquine was stopped after 13 patients and the final four patients received amodioqulne.
The following case history illustrates the severity of chloroquine resistance In the patients studied.

Patient oIo. 7: This patient had a headache, myalgia and cough on admission. There was a fever of 39.5%C.
Therapy with chloroquine 600 mg was given. On the next morning another 600 mg of chioroquine was
administered. His parasitemia was 8,220 which increased to 18,270 in the evening. Another 300 mg of
chloroquine was given at 1600 hours. The fever increased to 40.4°C and the patient became toxic and
vomited. An Intravenous infusion of quinine was given and the patient had greatly improved by the next
morning. A ten dose course of quinine was administered, the fever and paraslteimo cleared and the
patient was asymptematic when discharged; however, a recrudescence occurred on day 26.

Comment: Chloroquine 1.5 g was followed by an Rill response and a three day course of quinine was
followed by an RI response.

AMODIAQUINE 1.5 g. The average total dose for the group was 30 mglkg compared with 28 mg/kg for
the chloroquine group. The standard 1.5 g course of amodioquine was significantly more successful
(p <0.01) In clearing parasitemia (15 out of 17 patients) than chloroquine (Table 2). The mean parasite
clearance time was 77 hours which, In relation to the mean parasite count of only 18,000 per cu.mm., can
be considered prolonged. The mean fever clearance time was 47 hours which is unusually short for an
antimalarial drug In our test system.

Four patients did not attend follow-up examinations and radical cure was achieved In 38 per cent (5113)
of the remainder. This is not a successful result because most of the patients had clinically mild disease.

AMODIAQUINE 2.0 g. The average total dose for the group was 42 mg/kg. Twenty-four patients with
mild to moderate disease were treated. The parositemia was cleared in 22 men (Table 3). The mean
parasite clearance time was 77 hours. The mean fever cleararce time was 36 hours which was much shorter
than for any other regimen that we have tested, and probably indicates that amodlaquine does not cause
a drug fever. The overall cure rate of 38 per cent (8/21) was the same as was obtained with the 1.5 g
course of amodlaquine in the group of patients with a lower mean parasite count (Table 4). One pafient
had a clear-cut Rill response and another an RII response and the case histories are described below.
In eleven patients the parasitemia cleared in hospital but a recrudescence occurred after discharge.

Patient No. 34: This patient was a 34 year old gem - miner who had migrated to the highly endemic area
one month previously. He was probably non - Immune. He had experienced headache and myolgla for nine
days and was thirsty. His parasite count was 121,125 per cu.mm. His fever was 38.5'C on the day of
admission and he received 600 mg amodlaquine followed by 200 mg four hours later. Despite another 400
mg amodiaquine at 0600 hours on day I, his parasite count Increased to 207,100 and his fever increased
to 39.2"C with severe clinical toxicity. One dose of intravenous quinine therapy was given and then a
single dose of pyrimethamine with sulfadoxine (Fansidar). His fever and parasitemia cleared but the
patient did not attend follow-up.

Potieit No. 37: This patient was a 38 year old farmer who had always lived in the endemic area. There.
fore, using conventional terminology, he could be considered semi-immune. He had a headache for two
days and had received one Injection on the day before admission. His parasite count was 97,395 per
cu.mm. and fever 39.4°C. On the day of admission 600 mg of amodlaquine was administered followed by
200 mg four hours later. Five hundred milliliters dextrose-saline was infused intravenously. On day I
his headache persisted, as did a fever of 38-39°C; the parasitemla decreased to 4,845 per cu.mm. and
another 400 mg of amodiaqulne was administered. On day 2, despite two more doses of amodlaquine (to
complete the 2.0 g course), the fever Increased to 39.6°C and his parasite count rose to 36,480. A single
dose of pyrimethamine with sulfadoxine was given and the temperature rapidly fell to 37.1"C. A radical
cure was achieved.
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The patient's falciparum malaria was resistaxt at the RIB level to a 2.0 g course of amoditqlae givom is
five doses. The infection was then radically cured by a single dose of sulfadoxine 1.5 g with pyri.
mothaalseo 75 mg.

URINES: Urine specimens were obtained before treatment from 45 patients. Chromatography of these
specimens showed spots corresponding to one or both of the 4-. aminoquinolines in 39. The data do
indicate that a high proportion of the patients had chloroquine therapy before admission.

All 45 ptients had evidence of 4- aminoquinolines in post- treatment urine specimens. Chromatographic
differentiation of the two drugs was not completely accurate.

TOXICITY: Symptoms (for example, nausea, abdominal discomfort and dizziness) were frequent during
chloroquine therapy and were at least partially attributed to an un'satisfactory response to treatment.

Abdominal tightness, dizziness and other symptoms were fairly common on amodlaquine therapy (although
not more so than with chloroquine) and in one patient the toxicity was alarming. Patient number 45 was
aged 15 and weighed only 29 kg. He received a 2.0 g course during four days. Four hours after the
last dose he complained of difficulty breathing and of palpitations. His pulse was normal but he appeared
distressed and slightly cyanosed and had a prominent third heart sound. At this time his parasitemia was
only 48 per cu.mm.; therefore, amodlaquine toxicity was the probable diagnosis. The patient Improved
within a few hours.

DISCUSSION: Falciporum malaria in Thailand responds poorly to chloroquine whether given as treatment
(5,6) or for suppressive prophylaxis (7). The logical deduction is that chloroquine should not be used for
falciparum malaria in Thailand. In practice, chloroquine Is frequently prescribed both orally and parenterally,
especially in remote areas, presumably because of low cost and easy supply. Whether this is desirable Is
a fundamental question. We do feel that due consideration should be given to banning the use of chloroquine
in countries where falciparum malaria shows severe resistance as In Thailand (where the cure rote in our
study was 0 per cent).

We found that vivax malaria comprises 14 per cent of all cases of malaria in Southeast Thailand (3).
However, species identification is not usually available in the local laboratories. Thus, detection of vivax
malaria is not normally achieved. Chloroquine, as a 1.5 g course over three days, Is the appropriate
treatment for the suppression of a clinical attack of vivax malaria. But without microscopic diagnosis,
the patients are unlikely to receive a full course of chloroquine. In hospital the patients with vivax malaria
receive the same therapy (which does not normally include chioroquine) as those with falciparum malaria.
Therefore, if chloroquine were no longer available, the patients with vivax malaria (a benign disease) would
not be treated differently in hospital and the patients with falciparum malaria (a serious disease), would
not be receiving this ineffective drug before admission to hospital.

Another fact that has received insufficient attention is that both porenteral chloroquine (8,9) and oral
chloroquine (10, 11) can be fatal. Cardiac arrest and convulsions are two of the most serious side-effects.
High prolonged dosage can cause blindness and the indications for chloroquine therapy hove been drastically
reduced to malarlas other than chloroquine resistant P.falciparum and extraintestinal ameblasis (12). Children
are especially sensitive to the 4-aminoquinoline compounds. Amodlaquine can cause agranulocytosls (13)
as well as toxicity similar to chloroquine. Fortunately in the treatment of malaria, A-aminoquinalines by

the oral route are relatively safe, especially in adults.

We found (Table A) that amodlaquine (38 per cent cure rate) was more effective (Chi square=.4.16, p <
0.05) than chloroquine (0 per cent) in the treatment of chloroquine -resistant falciparum malaria. The
predominant response was RI rather than RII. However, the cure rate of 38 per cent with multi-dose
amodlaquine is not very impressive when compared with the 85 per cent cure rate we obtained with a
single dose of pyrimethamine with sulfadoxine (14). The cure rates are significantly different (Chi square
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t14.6l, P uc0.01). in the treatment of felcilorUm malareia n Telmllnd, qatlele (3) or pyrimethemhla wIND
sutfadoxlne (14, 15) are more effective thorn omodioquine. Therefore, there is no clear - ct lidlcetle. for
omodioquine in the treatment of falciporum malaria in Thailand. Amodioquine might hove an occauional
role in patients who show hypersensitivity to quinine. Sut amodiaqulae alone would not be satisfactory,
since so many recrudescences occur. Foliowing the initial course of amodiaquine, alternate therapy, such
as a single dose of pyrimethamine with sulfadoxine, would be needed to prevent a recrudescence.

The fever clearance time was unusually bhart for amediaquine compared with other antimalarial drugs which
suggests that amodiaquine does not cause a drug fever.

The difference in cure rates between amodiaquine and chioroquine may by partly explained by the fact
that chioroquine is widely used in Thailand whereas amodlaquine is not used at aIll The faiciparum parasites
are probably resistant to 4 -aminoquinolines in general but have not acquired a specific resistance to
amodiaquine. Amodiaquine resistant faiciparum malaria has also been detected in the Philippines where
amodiaqulne is used (16).

SUMMARY: Amodiaquine cured 38 per cent (13134) of patients with falciparum malaria In Southeast
Thailand. Chioroquine cured 0 per cent (0/13). The cure rates with amodiaquine were the same whether
a 1.5 g or 2.0 g course was used. Most patients were resistant to amodiaquine at the Ri level and to
chioroquine at the RII level, in hospitai amodiaquine cleared parasitemia more frequently than did chioro.
quine. With the 2.0 g course of amodiaquine, the parasite clearance time was 77 hours; the fever clearance
time of 36 hours was short and suggests that amodiaquine does not cause a drug fever.

Because of resistance, chioroquine should not be used for faiciparum malaria in Thailand. Routine use of
amodiaquine is not indicated because more effective drugs are available.
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Table 1. Falciparum Malaria in Thailand. Therapy with 1.5 g Chloroqulne over Three Days

Patient Asexual Count Parasite Initial Fever**
P. falciporum Clearance Fever Clearance Result*** Comment
(per cu.mm.) Time (hours) ( C) Time (hours)

1 49572 - 38.5 -- RI

2 27391 - 37.2 - RII

3 21021 36.8 52 RIu

4 20637 - 40.2 - RII

5 18200 69 36.8 --

6 13160 - 40.0 - Rill

7 12820* - 39.5 - Rill

8 6552 - 39.0 51 Rif

9 3240 -. 37.7 - Rif

10 2710 41 39.0 63 Ri

11 2340 - 37.5 - Rif

12 1820 68 37.7 -

13 1500 - 38.8 74 RII

SCure Rate--0x
Mean 13920 N/A 38.5 N/A (0r111)=O

I I I 1 (0111 )

* Median count

* Fever clearance time not computed If initial fever 38.0°C
I if no symbol, final result could not be determined. Rill, no marked reduction of asexual parasiteml;
Rif, marked reduction of asexual parasitemla, but no clearance; RI, clearance of asexual parasltemla,
followed by recrudescence; S, clearance of asexual parasitemia without recrudescence (radical
cure). World Health Organization (1967) Tech. Rep. Ser., No. 375, p. 4 2 .

195



Table 2. Folel~prvm Malaria In Tbelland. Therapy with 1.5 g. Anodlqvulie over The Deys

Asexual Count Fever Initial Fever
Patient P. folclparum Clearance Fever Clearance Result Comment
Number (Per cu.mm.) Time (hours) (C) Time (hours)

14 54000 70 40.3 86 3

15 35900 - 37.9 - Rif

16 34830 60 39.5 46 $

17 21060 75 38.0 43

1i 20000 69 38.0 56 RI P. vivax Day 45

19 1 8428 70 37.3 - RI

20 18425 - 31.6 55 Rif

21 18200 100 38.2 20 S

22 14256' 93 39.. 19 -

23 13190 117 39.0 79 RI

24 12376 76 37.7 RI

25 9100 48 37.6 - S P. vivax Day 44

26 9100 65 39.7 13 -

27 8730 90 37.5 - RI

28 7917 47 37.5 - S

29 7735 105 39.4 55 RI

30 4320 66 37.7 -

Cure Rate=38%

Mean 18092 77 38.4 47 (5113 followed.
up cases)

* Median count
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Table 3. Falciparum Malaria In Thailand. Therapy with 2.0 g Amodlaqulne ever Four Days

Patient Asexual Count Parasite Initial Parasite

Number P, falciparum Clearance Fever Clearance Result Comment
(per cu.mm.) Time (hours) (C) Time (hours)

31 168720 - 39.8 64 $

32 152000 85 39.8 60 RI

33 149670 - 37.9 RI

34 121125 - 38.5 Rill

35 102960 so 37.4 - RI**

36 102600 - 38.4 40 $

37 97395 - 39.4 - RII*0

38 91960 86 39.7 61 RI

39 65930 59 39.2 22

40 63175 - 40.3 56 RI

41 51680 - 39.3 6 RI

42 48070* 116 38.2 43 RI

43 45410 -- 39.3 20 3

44 42180 -- 39.1 45 RI

45 21140 75 39.8 43

46 21090 87 38.6 14 RI

47 16562 115 39.4 - RI

48 9696 66 37.3 - RI

49 7392 94 37.7 S

50 5265 43 37.2 - S

51 4050 63 39.6 14 -

52 3680 41 37.7 - $

53 2916 67 40.0 42 5

54 2700 41 38.9 32 S

Mean 58,228 77 38.9 36 Radical Cure Rate=38 % (8/21)

Median count
*" Cured by single dose pyrlmethamine with sulfadoxIne
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Tale 4. CW.*pe" of Cei¢ leh

Drl i aasite If" I I iI 3 Total CareDrugCount Irate
Ipe cu.08.)

Chloroqulme 1.5 g 14000 2 8 1 0 11 0%

Amodloqulie 1.5 g 18000 0 2 6 5 13 30%

Amodlaquine 2.0 g 56000 1 I 11 1 21 308

Difference between cure rates for amodlaqutne end chloroquine
Is significant (x 2 - 4.23, p < 0-05)
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Falciparum Malaria S.i -resittoat to Chtadomycle

Principal Investigators, Anthony P. Hall, COL, MC
Edward 3, Doberstyn, MAJ, MC
Ampon Nonakorn
Penye Soakom, M.D.'

BACKGROUND: The antimalarlal activity of a group of chlorinated lincomycln analogues was first
demonstrated In mice infected with P. berghei (6, 9) and in monkeys Infected with P. cynomolgi (9, 11 ).
Schizontocidal o3 well as causal prophylactic and radical curative activity was observed. Chloroquine-
resistant P. folciparum Infections in owl monkeys were also cured by these compounds (10). Both in
animals and in man infected with malaria, clindamycin acted slowly; however, three day courses of quinine
and clindamycin given In combination or sequentially proved effective against chloroquine-resistant
falciparum malaria in volunteers (7). We tested clindomycin alone and in combination with quinine in
Thais naturally infected with chloroquine- resistant falciparum malaria.

DESCRIPTION: The study was performed at the Trod Provincial Hospital in Southeast Thailand. Details
of the research methods have been described (4). We operated a daily malaria clinic at the hospital
and suitable outpatients volunteered for the Inpatient studies. Informed consent was obtained in all cases.
Male patients with an asexual parasite count over 1,000 per cu.mn. were included. To avoid the problem
of immunity, patients with clinically mild Infections were rarely studied.

Quantitative parasite counts were made at least twice daily in hospital on blood specimens obtained by
finger-prick taken 't 0700 and 1400 hours and at follow-up examinations on days 14, 21 and 28.
Determination of the hematocrit (packed cell volume) and leukocyte count was made on admission and
whenever clinically indicated. Sera were collected on admission and the concentrations of billrubin and
creatinlne determined.

Throughout the study, the drugs were administered by one of the study physicians during medication-ward
rounds usually made at 0600, 1400 and 2100 hours. The patients were observed by the physician as
they swallowed the drug with water, then examined and kept under observation for a few minutes. The
clindamycin was dispensed as 150 mg capsules (Cleocln, Upjohn) and the usual dose was 450 mg every I
hours for three days (total dose 4050 mg). The quinine was administered as sugar-coated tablets of
quinine sulfate, USP each containing 270 mg base. The usual dose was 540 mg every 8 hours for three
days (total dose, 4660 mg).

Follow-up examinations on days 14, 21 and 28 were made either in the clinic or at home.

In the evaluation of the final therapeutic result in each patient, the WHO (14) classification was used
(Table 1 ). A radical cure was diagnosed if the parasitemla was cleared aud had not reappeared before
day 29. Parasite clearance times were calculated in hours. Fever clearance times were computed in hours
if the initial fever was at least 31.0"C. Clearance was diagnosed when the temperature decreased to
37.2"C or less and remained at this level for at least one more reading. If there was still fever or
parasitemla on discharge at least 100 hours after admission, the elapsed time was arbitrarily counted as
the clearancetime.

CLINDAMYCIN. Eleven patients were treated with 450 mg every 6 hours for three days. One patient
(Case No. 4) was a 12 year old boy weighing 28 kg. He received 300 mg every 8 hours. in five
patients not responding to clindomycln, the drug was stopped and more effective therapy given.

I Trad Provincial Hospital, Thailand.
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Ths Initial clinical respoase was fairly rapid In some of the patients (Table I') but the meon porafte
clearance time was prolonged (88 hbows) as was the fever clearance time (68 hours).

in five patients the parasitemia was cleared and did not reappear on follow-up examination on days 14,

21 and 28. These patients were adludged to be radically cured. The average initial parasite count in

these five patients (33269 per cu.mm.) was less than that (73511 per cu.mm.) In the five patients who

were not cured (the difference was not statistically significant). In two other patients (Cases 2 and 6)

on initial clinical response occurred but follow-up was not achieved. Thus the Initial clinical response

was satisfactory in seven of the 12 patients.

in five patients the initial Infection was not controlled by clirdamycin and because of a worsening clinical

and parasitemlc situation, alternate therapy had to be given. Two of these patients were cured by

sequential therapy with quinine and Fansidar (pyrimethamine and sulfadoxine). Two other patients were

cured by a single dose of Fansidar given alone. The case-history in one of these patients is described

below. A clinical response to Fansidar occurred in the fifth patient but follow-up was not obtained.

Thus the overall cure rate for clindamycin was 50. (5/10).

No clear-cut toxicity due to clindamycin occurred in these patients; however, Case No. 2 had persistent

dizziness and weakness during therapy and tinnitus occurred for two days afterwards.

Case No. 12: The patient was a 43 year old farmer born locally. The main symptom was a headache for
four days. lie had received two Intramuscular injections (content unknown) on the day before admissior..
He was in distress with a fever of 40.0°C, although his parositemia was only 8265 per cu.mm. Clindamycin
450 mg was administered at 1600 and 2100 on day 0 and thereafter every eight hours. The fever

abated briefly on the morning of day I but then returned to 40.0"C. The parositemla decreased to 665
on day 1 but then rose to 9880 on day 2. On the evening of day 2, because of the increase in
parasitemia, the high fever (40.00C) and persistent severe symptoms, drug failure (Rul type) was

diagnosed. Seven doses of clindamycin had been given. The patient then received a single -dose of
Fansidar (sulfadoxine 1.5 g with pyrlmethamine 75 mg). The pasasitemla then cleared in 48 hours and

the fever in 60 hours. Blood films were negative on days 13, 21 and 30 and a radical cure was

diagnosed.

QUININE WITH CLINDAMYCIN (FULL DOSAGE): Six patients were begun on treatment with quinine
540 mg base every 8 hours and clindamycin 450 mg every 8 hours given at the same time for three days
(Table 2). The dosage of clindamycin was reduced (usually to 300 mg) in most patients because of

intolerance.

In five of the six patients, the quinine-clindamycin combination appeared to cause toxicity. In Case

No. 13; his symptoms worsened during therapy but improved when the clindomycin was stopped. In Case
No. 15; despite a fall in parasite count from 55,419 to 40, he developed severe anorexia after the sixth
dose of clindamycin. Cases No. 16, 17 and 18 had a similar clinical picture; they developed severe
retching one to four hours after the second to fourth dose of quinine and clindamycin. They all improved

after the clindamycin was stopped despite the continuation of the quinine at full dosage. After the course

of quinine was finished and the patients had improved, clindomycln was resumed without causing any side

effects when given alone.

Four patients were cured and two others did not complete follow-up. The mean parasite clearance time
was prolonged (83 hours) and the mean fever clearance time was 67 hours.

QUININE WITH CLINDAMYCIN (HALF DOSAGE): Eight patients received combination therapy with half
dose quinine (270 mg) and approximately half -dose clindomycin (150 mg) every 8 hours (Table 3).
The mean parasite clearance time was prolonged (95 hours) and the mean fever clearance time was 68

hours. Complete follow-up was achieved in five patients of whom three were cured (60%). A clinical

response occurred in two other patients but follow-up was not achieved. The eighth patient (Case No. 22)
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"a#veloped toxicity after four doses of therapy and was then treated with quinine followed by Fansidar.

Five of the eight patients developed unacceptable toxicity which consisted mainly of upper gastrointestinal

symptoms. Details of three of these cases are given.

Case No. 19: This patient received four full doses of quinine (three Intravenously) without toxicity. He

then received quinine with clindamycin at half dosage. After two doses the patient developed nausea,

tightness In the chest and severe retching which persisted for eight hours. The clindamycin was stopped.

The symptoms improved although the quinine therapy was continued. After the nine dose course of quinine

had been completed, the cl.ndamycin was resumed until nine doses had been given. The patient had

persistent weakness during this time. The parasitemia and fever cleared but follow-up until day 28 was

not obtained.

Case No. 20: This patient received five full doses of quinine at eight hour Intervals uneventfully. Then

the semi-dose combination was given for two doses. The patient felt generally worse and a persistent

fever developed. The clindamycin was sPopped and also the quinine after two more doses. Sixteen hours

later when he felt better the clindamycin was resumed for five doses during which time the patient felt

listless. A radical cure was achieved.

Case No. 22: The patient was virtually asymptomatic on admission, having mild headache and backache

only. After two doses of quinine 540 mg and clindamycin 300 mg at 1000 and 2100 hours on day 0, he

developed nausea and vomiting, headache, dizziness and prostration. On day 1 he received quinine 270

mg and clindamycin 150 mg at 0600 and 1400. The patient remained very toxic with weakness and

dizziness although the parasite count had fallen from 60,000 to 650 per cu.mm. The clindamycin was

stopped but the quinine was continued and the dose increased to 540 nmg; the patient improved and

remained well. After 12 doses of quinine, a single dose of Fansidar was given. 1he patient was cured.

QUININE ALONE: Three patients were treated with a three day course of quinine alone. They developed
recrudescences on days 14, 22 and 25, respectively (Table 4).

TETRACYCLINE ALONE: Four patients received tetracycline 250 mg every 6 hours for three days

(Table 5). Two patients had an Rill response and one patient had an Riu response. A slow clearance of

parasitemia occurred in the fourth patient but follow-up was not obtained.

DISCUSSION: Falciparum malaria in Thailand is difficult to eradicate in many patients. In recent studies

the cure rate with chloroquine (5) or with pyrimethamine (3) was 0%. This data indicates that clindamycin

is partially effective against chloroquine-resistant falciparum malaria in patients with clinically moderate

disease. In some men the clinical response to clindamycin was rapid but in others It was slow or

ephemeral. Our cure rate of 5045 with multi-dose clindamycin compares with the 85%. cure rate we

obtained with a single dose of pyrimethamine with sulfadoxine (3). The average parasite clearance time

for clindamycln (88 hours) was significantly longer (p < 0.05) than that for pyrimethamine with sulfadoxine

(71 hours). Wagner et al. (13) found that clindamycin has a short half-life of only 2.A hours and

consequently, frequent doses must be given which is a disadvantage in the treatment of malaria. On the

other hand sulfadoxine has a half-life of about 200 hours as determined by Brooks et al. (1). In our

test system ctindamycin was obviously a more powerful antimalarial than tetracycline (Table 5).

Clindamycin alone was not toxic in our patients; however, several recent reports have shown that lincomycin

or clindamycin (a chlorinated lincomycin analogue) can cause ulcerative colitis or even pseudomembranous

colitis (2, 8, 12). The diarrhea usually begins after 4 to 9 days of therapy. Colitis was not detected

in our patients. ClIndamycin Is probably the most potent antimalarial among the antibiotics. However,

because of its partial efficacy and potential toxicity, clindamycin alone has a limited role as an antimalarial.

Quinine and clindamycin in combination at full or half dosagq apparently potentiated toxicity in our

patients. Retching and frank vomiting were frequently observed., although Miller et al. (7) did not

encounter gastrointestinal intolerance. Other patients had less specific symptoms and did not look well.
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when the elindamycin was stopped but the quinine continued, the patients Improved. Likewise whe* the
course of quinine had boon completed, clindamycin clone did Not cause serious side-effects. The there.
peutic results with full dose quinine and clindamycin therapy wore excellent (4/4 cures). Perhaps quinine
and clindamycin Potentiate both antimalarial efficacy and toxicity.

Sequential administration of quinine and clindamycin was not toxic and could be useful in patients who
have relapsed following more conventional therapy (e.g. quinine followed by Fansidar).

By studying high count rather than low count cases, we produced a more severe test of antiffalarial
efficacy In any regimen studied i.e. the degree of "drug pressure"1 was Increased. If patients with counts
only over 50,000 per cu.mm. and uncomplicated disease are selected for drug trials, comparative studies
can be completed using fewer subjects. We have adopted this system without risk to the patients.

SUMMARY, Clindamycin, a semi-synthetic antibiotic of the lincomycin family, at a dose of 450 mg
every 8 hours for three days in adults, cured 50% (5/10) of patients moderately III with chloroquine-
resistant faiciparum malaria. Combination therapy with full dose quinine and clindamycin for three days
was curative In 100 % (four patients) and with half-dosage In 60 % (3/5). However both combinations
caused upper gastrointestinal toxicity and appeared to potentiate both toxicity and possibly antimalarial
efficacy. Colitis due to clindamycin was not observed. Sequential therapy was not toxic and could be
useful in patients who have recrudesced following more conventional therapy.
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Table 1. Falclparum Malaria Therapy with CIlndamycln Every I Hours for 3 Days

patient Asexual Count Parasite Initial Fever
Number P. folciporum Clearance Fever Clearance Result Comment

(per cu.mm.) Time (Hours) (C) Time (Hours)

1 162260 ** 39.8 - Rill Cured by Quinine

and Fansidar

2 93670 99 39.9 55 -

3 82080 87 40.4 63 S

4 77900 - 37.9 - RI1 Cured by Quinine
and Fansidar

5 72770 - 40.5 - RiI

6 51300 - 40.2 54 -

7 46360* - 40.0 - R1I Cured by Fansidar

8 33060 97 40.0 102+ 3

9 20140 so 40.7 63 $

10 18144 92 39.9 76 S

it 12920 67 40.0 66 S

12 8265 - 40.0 - Rill Cured by Fansldar

MEAN 56572 s6 40.0 68 Radical Cure Rate=50% (5/10)

* Approximately the median count.

* if no symbol, final result could not be determined. Rill, no marked reduction of asexual parasitemia,
but no clearance; RII, marked reduction of asexual parasitemia, bit no clearance; RI, clearance of
asexual parasitemia, followed by recrudescence; 5, clearance of asexual parasifemia, without recru.

desconce (radical cure).
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Table 2. Falclparum Malaria Therapy with Quimine aid ClIadaaycia Both Gives
Every 8 Hours for 3 Days at Full Dosage

potient Asexual Count Parasite Initial Fever
Natient P. folciporum Clearance Fever Clearance Result Comment

mber (per cu.mm.) Time (Hours) (9C) Time (Hours)

13 146692 117 38.3 82 S Drug Toxicity

14 101556 93 39.6 60 S

15 55419 64 40.0 39 S Anorexia

16 33943* 85 40.6 60 Vomiting

17 8645 69 40.0 69 - Vomiting

18 5642 69 40.0 92 S Vomiting

MEAN 58,650 83 39.8 67 Radical Cure Rate
100% (414)

* Approximately the median count

Table 3. Falciparum Malaria Therapy with Quinine and Clindamycin Both Given
Every 8 Hours for 3 Days at Half Dosage

Patient Asexual Count Parasite Initial Fever
Pi P. falciparum Clearance fever Clearance Result Comment

Number (per cu.mm.) Time (Hours) (°C) Time (Hours)

19 358,830 119 37.5 99 - Vomiting

20 236,600 116 39.1 115+ S Drug fever

21 214,760 115 38.5 42 RI

22 61,880 - 38.0 -- Toxicity

23 54,432' 67 39.9 18 S

24 13,312 92 38.9 32 - Vomiting

25 4,914 96 40.2 112+ S Abdominal pain

26 2,730 59 40.9 58 Ri

MEAN 118,432 95 39.1 68 Radical Cure Rate
= 60% (3/5)

*Approximately the mbdian count
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Table 4. Falciparum Malaria Therapy with Qvioae
Every I Hours for 3 Days

Patient Asexual Count Parasite initial Fever
Number P. foiciparum Clearance Fever Clearance Result
Number (per cu.mm.) Time (Hours) (C) Time (Hours)

27 87,804 84 37.9 RI

28 21,708 69 39.8 - RI

29 18,270 68 40.5 84 RI

MEAN 42,594 74 39.4

Table 5. Falciparum Malaria Therapeutic Results in Patients
Treated with Clindamycin or Tetracycline*

Regimen Duration Average 1111 RII RI 3Therapy Parasitemia

Clindamycin 3 Days 53389 1 4 0 5

Tetracycline*" 3 Days 20647 2 1 -

* Clinically clindamycin was more effective than tetracycline.

** One patient responded Ia hospital but follow-up was not achieved.
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OBJECTIVE: To compare the efficacy of diform'ldapsone and sulfadoxine used with pyrimethamine in
the treatment of falciparum malaria.

BACKGROUND: Weekly administration of pyrimethamine and diformyldapsone (DFD) has proved to be an
effective chemosuppressant against drug-resistant P. folciporum malaria in both induced infection in
volunteers (1) and in field populations (2).

In a trial of DFD alone as therapy for falciparum malaria, Clyde, et a l, found that single dose treatment
was slowly effective in clearing 15 of 23 episodes of asexual parasitemia In volunteers; however,
recrudescence occurred in all but one patient (3).

The combination of pyrimethamine with sulfadoxine (Fansidar) has been reported to be highly effective
both for treatment (4) and prophylaxis (5) of drug-resistant falciparum malaria.

Pyrimethomine-DFD, like pyrimethamine-sulfadoxine, Is a single-dose preparation, and the therapeutic
potency of the two combinations was compared.

DESCRIPTION: The patients to be studied were selected from males presenting at the Trod Provincial
Hospital in Southeast Thailand with an asexual parasite count of P. falciparum greater than 1000 per cu.
mm. The patients also had to agree to be hospitalized and followed during the study period, and be
willing to signify consent after being Informed of the nature and potential hazards of the study. Since
pyrimethamine with sulfadoxine is known to be therapeutically effective, 45 patients were selected who
had clinically moderate disease. Their average age was 22.7 years and average weight 47.3 kg. Since
the therapeutic potency of pyrimethamine with DFD was not known, most of the patients selected had
clinically mild disease. Thirty three patients received pyrimethamine with DFD. Their average age was
23.6 years and average weight 51.5 kg.

Direct quantitative parasite counts (6) were performed on admission and thereafter twice daily in hospital
and 14, 21 and 28 days after admission. Hematocrit, white cell count, and urinalysis were performed on

admission, and whenever subsequently indicated. Patients were taken home by a member of the study
team, and follow-up examinations were made either at the clinic or at the patients' homes. Other
details of the study procedure are described elsewhere (7).

All medications were administered by one of the study physicians, and patients were seen on clinical

rounds made three times daily. The drugs used were combination tablets of pyrimethamine 25 mg and
sulfadoxine 500 mg (Fansidar, Hoffmann-LaRoche) or pyrimethamine 12.5 mg and diformyldapsone 200 mg

(supplied by the Walter Reed Army Institute of Research). Both were supplied as uncoated white tablets.

The dosage of pyrimethamine-sulfadoxine used in adults was pyrimethamine 75 mg and sulfadoxine 1500

mg (3 tablets). This is the maximum dose recommended by the manufacturer. Seven boys weighing

between 20 and 36 kg received two tablets. One boy weighing 18 kg received one tablet. Two dosages

of the pyrimethamine-DFD combination were tested: pyrlmethamine 25 mg, DFD 400 mg (2 tablets)

and pyrimethamine 50 mg, DFD 800 mg (4 tablets).

I Trod Provincial Hospital, Thailand.
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Therapeutic responses were classified according to WHO criteria (8). Parasite clearance times and fever
clearance times were determined for each patient. Fever was considered to be "cleared" if it remained
at or below 37.2*C for at least 12 hours. Patients in whom asexual parositemla was cleared by treatment
and had not reappeared for 28 days following therapy were considered radically cured.

PROGRESS: PYRIMETHAMINE 75 MG, SULFADOXINE 1500 MG.

Forty-five patients were treated with the combination pyrimethamine-sulfadoxine (Table 1 ). Patients In
this group had a high average parasitemia (60,000 per cu.mm.) and were moderately or severely Ill.
The mean parasite clearance time was 73 hours and the mean fever clearance time was 63 hours.

Thirty-nine of the forty-five men were followed for the 28 day observation period and radical cure was
attained in 33 (85%). All patients with parasite counts below 30,000 per cu.mm. were cured. A typical
successful response to pyrimethamine-sulfadoxine is described below.

Patient No. 5: This 18 year old farmer was admitted with a three day history of fever, insomnia, and
backache. He gave a history of malaria one year previously. On physical examination, he was found to
have a temperature of 39.2°C, but no other positive findings. The asexual parasite density of P. falciporum
was 115,900 per cu.mm. on admrssion. He remained febrile for 51 hours following treatment and complained
of continuing backache, but his parositemia steadily decreased. There were rare ring forms 48 hours after
therapy, but smears were negative thereafter. He remained well throughout the follow-up period.

Two patients exhibited recrudescence of asexual parasitemia and malaria symptoms before the end of the
28 days and were considered RI treatment failures. Six patients required Intravenous quinine after the
initiation of the pyrimethamine-sulfadoxine therapy because of rising parasitemla and worsening clinical
state. However, to bring the infection under control, four patients required only one dose of quinine
one received two doses and another five doses. Some of the patients may indeed have eventually
responded to the single dose of Fansidar, but in the judgement of the attending physicians, withholding
the faster acting drug of known effectiveness was not warranted. Four patients were diagnosed as Rill
treatment failures. In two patients (Numbers 1 and 4), it was later considered that the quinine therapy
may have been given prematurely, so no result was recorded.

Patient No. II was an example of an Rill response. An 18 year old farmer was admitted with a two
day history of headache, muscle pain, fever, and thirst. Admission temperature was 40.4°C. His spleen
was not palpable and there were no abnormalities on physical examination. The asexual parasite count on
admission was 79,800 per cu.mm. and he was treated with three tablets of Fansidar. By the afternoon of
admission, he was in severe distress with headache, abdominal pain, restlessness, and his fever was still
40°C. The parasite count seven hours after treatment had risen to 366,000 and it was decided to infuse
500 mg quinine. A second infusion of 500 mg quinine was given the following morning when the parasite
count was 236,000. The patient did not require additional therapy, and attained a radical cure of his
malaria. Despite the fact that the elapsed time between treatment with the drug under evaluation and
the initiation of quinine therapy was only eight hours, it was felt that this patient represented a failure
of the pyrimethamine-sulfadoxlne combination in view of his worsening clinical condition and progressive
rise in parasitemia.

Toxicity: Two patients developed rashes after the pyrimethamine-sulfadoxine combination which were
considered to be related to the administration of the drug. In one patiept the rash consisted of giant
urticaria, appearing 34 hours after dosing, which resolved after treatment with antihistamines and dexa.
methasone. Another patient developed a pruritic erythematous rash four days after therapy, which disappeared
spontaneously without additional treatment. Neither patient had mucous membrane lesions, and aside from
multivitamins, neither had received additional medication. Radical cure was achieved in both patients.

PYRIMETHAMINE 50 MG, DFD 800 MG.

Thirty patients received a single four tablet dose of the combination. Fever clearance time (mean 59 hours)
and parasite clearance time (mean 60 hours) were short. However this group of patients had a low mean
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Initial paerait count (17,000 per cu.mm.), and were, usually, clinically mild cases. Twenty-tkree petlents
were followed throughout the 28 day period (Table 2); only ton were cured. Of the failures, two led

Rill responses and two exhibited RIl responses. Nine had recrudescences of pasreltemia before the end of
the 28 day observation period, and were considered RI failures. The over-all cure rate for pyrimethamine
-DFD at this dosage was 43%. There was no evidence of hematologic or other toxicity.

The case-history of a patient with an Ril response Is given below.

Patient No. 50: A 42 year old tailor presented with a four day history of fever, headache, anorexia and
vomiting. A cough had been present for six days. He gave a history of malaria 10 years previously.
Examination showed a temperature of 40.0°C and rhonchi in the chest. The asexual density of P. falciparum
was 40,700 per cu.mm. The four tablet dose was administered at 1100 hours. The patient felt better in
the evening. By 1400 hours the following day, the parasite density had decreased to 400 per cu.mm.
and the patient had a temperature of 38.0°C. He developed fever and chills at 2000 hours, his tempera.
ture rose to 39.6°C and his parasite count increased to 10,800 per cu.mm. An RII response was diagnosed
and 500 mg quinine was administered Intravenously in 500 ml saline over four hours. Altogether nine
doses (eight oral) of quinine were given, followed by a single dose of pyrimethamine-suifadoxine. The
patient made a rapid recovery.

PYRIMETHAMINE 25 MG WITH DFD 400 MG, AND PYRIMETHAMINE ALONE.

Early in the study, three patients were treated with the pyrimethamine-DFD combination at this lower
dosage (two tablets). Of the three, one responded promptly (S), and two were RII failures. Because of
the apparently unacceptable therapeutic action of the combination at this dosage, no further patients were
studied.

Three patients with mild illness and low parasitemlas were treated with 50 mg pyrimethamine daily for
three days. in all three, only a temporary reduction in parasitemia resulted (RIu), and symptoms persisted,
supporting an earlier Impression of resistance of the local strain of P. falciparum to this drug.

DISCUSSION: Pyrimethamine 50 mg with DFD 800 mg is only partially effective as an antimalarial, since
only 43% of mildly iII patients were cured. This cure rate is similar to that for a pyrimethamine-dapsone
(DDS) combination, which was 196 effective (chi square= 2.0, p>0.05) (9). DFD has a metabolic
half-life of 30 hours, (10) compared with 21 hours for DDS (11). Pyrimethamine, which has a half-life
of 96 hours (12), used with either DFD or DDS leads to an unbalanced synergistic combination. Obviously
at certain times only an effective dose of pyrimethamine is present In the blood. Since pyrimethamine
resistance was demonstrated in this study, the partial therapeutic efficacy of pyrimethamine with DFD may
be explicable on this basis. Conversely, pyrimethamine-sulfadoxine is a balanced combination since the
half-life of sulfadoxine is 200 hours, (13), and of pyrimethamine about 96 hours.

In this study, pyrimethamine with sulfadoxine cured 85% of patients with an average parasite count of
60,000 per cu.mm., when administered in an adult dose of three tablets (pyrimethamine 75 mg, sulfadoxine
1500 mg.). Thus the combination (Table 3) was twice a: effective as pyrimefhamine-DFD (p<0.01) in
patient; whose average parasite count was three times greater (p<0.001).

In Northeast Thailand, a two tablet dose (pyrimethamine 50 mg, sulfodoxine 1000 mg.) cured 82% of

patients with an average count of 28,000 per. cu.mm. (9).

Pyrimethamine-sulfadoxine alone is an effective and convenient antimalarial. However, In the opinion of
the authors, its major limitation Is the somewhat slow control of fever and clinical symptoms (viz patients
No. 5 and 11 above), The prolonged activity of the drug, when preceded by the rapid action of quinine,
results in the currently optimal therapy for drug-resistant falciparum malaria (14).
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Table 1. Falclparum Malaria In Thailand. Single Dose Therapy with Pyrilmethomle
75 mg. and Sulfadoxlne 1.5 gin. (Smaller Dose it Children)

Patient Initial Asexual Count Parasite Initial Fever
Number P. falciparum Clearance Time Fever Clearance Time Result

(per. cc. mm.) (Hours) (-C) (Hours)

1 314500 - 39.4 --
2 286900 - 39.3 Ril*
3 258400 - 41.0 Rill
4 179600 - 38.5 - -
5 115900 65 39.2 51 S
6 111000 88 37.0 - S
7 98000 66 39.9 - S
8 93300 118 40.4 69 RI
9 92200 - 40.0 67 $

10 90300 76 38.1 68 5
11 79800 - 40.4 - Rill
12 71300 88 40.3 87 S
13 65300 113 40.2 88 S
14 65000 - 39.7 - Rill
15 63100 68 39.8 55 S
16 61800 69 40.0 61 $
17 58900 - 39.3 66 5
18 58700 - 40.1 63 5
19 58700 - 40.1 66 $
20 56200 - 39.9 64 $
21 50400 70 40.9 74 S
22 44200 - 39.4 66 S
23 36100** - 39.8 42 5
24 30400 - 39.6 - RI
25 27200 76 40.1 68 S
26 26100 62 39.4 37 S
27 24500 - 39.5 64 S
28 23400 66 39.0 41 5
29 21300 75 40.4 83 S
30 19400 63 40.3 62 S
31 17300 61 38.2 84 S
32 17200 - 37.3 - $
33 16200 - 40.2 66 -
34 1'3400 - 39.4 - $
35 10900 117 39.1 37 -
36 10100 93 40.0 109 S
37 9400 39 39.4 - S
38 8600 - 40.3 -
39 6800 - 39.6 35 S
40 6400 70 39.9 57 $
41 4900 - 39.0 42 -
42 4800 45 38.7 44 S
43 3000 52 39.2 - S
44 2300 - 37.3 S
45 1700 38 37.0 $

Mean 60300 73 39.5 63 Cure Rate
= 85%
(33/39)

* if period of observation not adequate, no result given.
*' Median count.

*i if no symbol, final result could not be determined.

Rill, no marked reduttion of asexual parasitemia;
RII, marked reduction of asexual parasitemia, but no clearance;
RI, clearance of asexual parasitemla, followed by recrudescence;
5, clearance of asexual parasitemia, without recrudescence (radical cure).
World Health Organization (1967) Tech. Rep. Ser. No. 375, p. 42.



Table 2. Folciparum Malaria In Thailand.
Single Dose Therapy with Pyrimethamln. 50 ng and DFD £00 as

Initial Parasite Fever
Patient Asexual Count Clearance Initial Clearance Result
Number P. falciporum Time Fever Time

(Per cu. mm.) (Hours) (C I (Hours)

16 95600 93 39.0 84 RI
47 63700 * 39.2 -

48 46100 43 39.2 42
49 41000 - 38.4 - Rif
50 40700 - 40.0 - RII
51 30300 69 39.1 69 S
52 20200 44 39.0 50 3
53 18400 117 37.8 - RI
54 13000 52 40.5 -
55 13000 62 38.3 12 -
56 12400 45 37.3 - S
57 12300 70 40.4 93 Ri
58 12200 67 36.9 - S
59 11700 84 39.8 71 $
60 11200 - 40.5 - Rill
61 10000" - 40.4 - Rill
62 7300 66 37.7 -
63 7200 60 39.3 59 RI
64 7200 44 37.1 - S
65 6900 43 37.8 --
66 5700 40 37.0 - S
67 5400 92 39.2 67 RI
68 4900 72 40.3 40 RI
69 2600 41 38.6 160+ RI
70 1800 61 39.6 12
71 1600 45 38.7 37 RI
72 1400 61 38.8 36 S
73 1200 14 39.8 - S
74 1100 - 40.0 - -
75 1000 61 38.7 60 RI

Cure Rate
Mean 16,900 60 38.9 59 = 43 %

(10123)

If period of observation not adequate, no result given.
* Median count.
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?.bW 3. Comperlss of Cevre Rtie

Average Cure***

Drug InitialParasite Couvt Wii I $ Rate
(Per cu.mm.)

Pyrimet•amine-1. 60,300** 4 0 2 33 85 M
Sulfadoxine

Pyrimethamine+ 16,900S 2 2 9 10 43
DFD

"Patients who did not complete follow-up examinations were not included in this table.
' The average Initial parasite counts were significantly different (t=8.4, p<O.001)
* The difference In cure rates was statistically significant (x 2 .9.67, p O<O0 0
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Felclpervm Mealeli Cured by OQulele Followed by Feaddwr
($uf*•teln. With Pyrl..tbmiAe)

Principal Investigators e Anthony P. Hell, COL, MC
Edwerd IL Doberstyn, MAJ, MC
Vichenfr Metteprekoeg
Penyo Stakem, M.D.'

OBJECTIVE: To determine the efficacy of e short course of quilnne (about three days) followed by a
single dose of sulfadoxine with pyrimethamlne against falciparum malarle In Thailand.

BACKGROUND: The treatment of ckloroquine- resistant falciparum malaria has hitherto been confusing.
No clearcut regimen has yet emerged (1). The World Health Organization (2) mentions 16 difforeat
regimens Involving 12 drugs administered over I to 14 days. Based upon the resuits of this study we
recommend one regimen Involving three drugs given in about three days.

In Southeast Thailand a six day course of quinine cured 115 of patients with falciparum malaria (3); a
single dose of Fansidar (sulfadoxine with pyrimethamine) was also gSo curative (4). Therefore we tested
a short course of quinine (average 3 days) followed by Fansidar in about 400 patients.

DESCRIPrION: The Trod Provincial Hospital Is In southeast Thailand 400 Km from Bangkok, Malaria is
endemic In the area throughout the year. Volunteers were selected for the study if their asexual parasil.
temia of P. folciparum was at least 1,000 per cu.mm. Initially only adult males were studied. When
quinine -Fansidar was shown to be the most effective therapy, It was used routinely on adults and children.
Patients with coincident vlvax malaria were treated but not Included in this study.

Quantitative parasite counts (S) were performed at least twice daily In hospital on finger-stick specimens
taken at 0800 and 1400 hours and at follow-up examinations on days 14, 21 and 28. Hematocrit levels
(packed cell volume) and leukocyte counts were made on admission and whenever clinically Indicated.

The drugs were administered by the study physicians during ward rounds usually conducted at 0600, 1400
and 2200 hours. Intravenous quinine was administered as the dihydrochloride salt. The standard dose in
adults was 490 mg quinine base in 500 ml normal saline infused over a four hour interval. Oral quinine
was prescribed as tablets of quinine sulfate each containing 270 mg base. The routine formulation was a
sugar-coated tablet, but plain tablets were occasionally used especially In small children. The standard
dose in adults was 540 mg (two tablets) every 8 hours. Each plain tablet of Fansidar (Hoffman - La Roche)
contained 25 mg pyrimethamine and 500 mg sulfadoxlne. The standard dose in adults was three tablets
given with or eight hours after the last dose of quinine.

Quinine concentrations on random sera were determined by the benzene extraction method of Brodie and
Udenfrlend (6). This is an accurate technique (7).

Parasite and fever clearance times were determined in hours. The patients' temperature charts were
retained for analysis. Patients were considered radically cured (S response) if the parasitemla was cleared
by treatment and had not reappeared before day 29 (the day of admission being called day 0). The
WHO (0) classification was used (Table 2).

PROGRESS: Four hundred and fourteen patients were admitted to the study. Nine patients left the
hospital after clinical improvement but before receiving Fansidar. Therefore 392 patients received

1 Trod Provincial Hospital, Thailand
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quinine- Fansidar therapy. The average age of the group was 23.9 years (range I- 73) oaed verage

weight 45.4 Kg (range 5-10). Only 14 patients were female since we usually confined our studies
to male patients.

Most patients were fairly seriously Ill on admission. The average parasite count (90,676 per cu.mm.) was
much higher than in our other therapeutic studies (3) and the average parasite clearance time of 77.3
hours Indicates a satisfactory response (Table 1). Clearance of parositemla was slow in a few patients,

especially those with high parasite counts (e.g. over 200,000 per cu.mm.) and was possibly due to partial
resistance to quinine. A typical patient was No. 391 with a parasite count of 252,720 per cu.mm. He

received 18 doses (six days) of quinine (Table 1) before the Fansidar. His parasite clearance time was
prolonged at 147 hours. Despite the slow clinical response, his blood was free of parasites on days 14,
21 and 28 and so he was accredited with a radical cure.

The average fever clearance time was 61.5 hours. In a few patients a persistent fever was probably

caused by the quinine. Since the average course of quinine was short; quinine fever was not so frequent
a problem as with longer courses in previous studies (9). In some patients, who received only a few doses

of quinine, a rising temperature on day 1 or day 2 was probably caused by the Fansidar, since the fever

patterns were similar to those found in patients receiving Fansidar alone (4). Many patients were discharged

when they felt better but before the fever and parasitemla had cleared.

Eighty two percent (322/392) of the patients received at least one dose (average 1.5 doses, range 1 -7)

of quinine as a continuous Intravenous Infusion. The standard dose of quinine base was 10 mg per Kg

but in small children a lower dose was often used to prevent toxicity. The adult intravenous dose (490

mg quinine base in the dihydrochloride salt) was usually given in 500 ml normal saline. The optimum infusion

time for a rapid response and avoidance of toxicity was four hours. Half strength solutions (0.5 mg

quinine base per ml) were administered, especially in children, if quinine toxicity was suspected. In

comatose adults optimum therapy was not more than 1,000 mg quinine base (two doses) per 24 hour

interval given in 1000-1500 ml fluid intravenously. Quinine metabolism is impaired in severe falciparum

malaria and the half -life of the drug is prolonged. Thus lower or less frequent doses are needed to
prevent overdosage. in several of our patients toxic levels of serum quinine (concentration over 10 mg/L)

occurred despite subnormal doses of the drug. Nevertheless quinine Is the only drug that brings severe
falciparum infections under satisfactory control in Southeast Thailand.

Follow-up examinations were completed in 314 patients, of whom 302 (96%) were radically cured (Table

2). The quinine-Fansidar regimen was more effective than a six day course of quinine, or Fansidar alone,
in our test system.

initially all patients received nine doses of quinine. The questions arose whether a shorter course of
quinine would be equally effective and whether, in severe cases, a longer course of quinine would be more

effective. Therefore, additional patients received from 1 to 18 doses of quinine before the single
dose of Fansidar. To our surprise the cure-rate was about 96.w throughout the range (Table 1). However
the cure - rate of 98% (43/44) with 10 to 18 doses was impressive since the patients were mostly seriously
ill and their average parasitemla was high (166,000 par cu.mm.).

If the course of quinine was very short (less than four doses), then the initial clinical improvement was not
always maintained and a temporary resurgence of fever and other symptoms often occurred on about the

second day. If at least four doses of quinine were given, optimal clinical improvement usually resulted.

Table 1 shows that the shortest fever clearance time occurred with the four dose course. Longer courses

of quinine appeared to be indicated in patients with high initial parasite counts or evidence of chronic
disease (e.g. large spleens).
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Quinine caused typical mild side-effects in most patients (e.g. nausea and tinnltus). If blurred vision or
other serious symptoms occurred, the dose of quinine was reduced. Serious side-effects were more
frequent in children than in adults (e.g. coma, convulsions). Reduction or deletion of dosage usually
resulted in a rapid decrease in toxicity.

Serious toxicity attributable to the Fansidar did not occur in any of the 392 patients who received the
the quinine-Fansidar regimen. However Fansidar as solo therapy often causes fever and less often
urticarial rashes (4).

The cost of treatment comprises the hospital costs (if the patient requires admission) plus the cost of the
drugs. The 392 patients were in hospital for an average of only 3.8 days which was brief in relation to
the average clinical severity of the group, and reflects the fact that quinine usually acts rapidly.

We determined that the minimal effective regimen was four doses of quinine plus Fansidar. At the time
of the study quinine cost the hospital pharmacy about U.S. $0.04 per tablet and Fansidar about $0.15 a
tablet. Thus the cost of the regimen orally'was at least $0.77. This was less expensive than any other
effective regimen. Intravenous therapy was much more expensive because units of intravenous fluid were
relatively costly.

Other relevant factors are the duration of therapy, the total number af doses and the frequency of dosing.
Optimal quinine- Fansidar therapy comprises at least five doses (four quinine, one Fansidar) given over
two days at eight hour intervals. These parameters are less than for any other effective regimen.

DISCUSSION: This study has established that quinine followed by Fansidar is the treatment of choice
for chloroquine -resistant falciparum malaria. The regimen is theoretically sound because it comprises the
rapidly acting drug quinine, followed by the long acting combination of sulfadoxine and pyrimethamine
(Fansidar). The quinine brings the infection under control and the Fansidar assists in its eradication. This
regimen is useful because we found that Fansidar is non-toxic when given at the end of a course of
quinine; it is practical because it is completed in about three days, thus allowing the patient to be
discharged promptly.

The value of an antimalarial regimen may be determined by five criteria viz., efficacy, toxicity, cost,
duration of therapy and length of hospital stay. These criteria must be judged in relation to the average
severity of the cases being treated, which is indicated by the clinical severity and the average parasite
count. Considering all these factors, the quinine- Fansidar regimen is the best that we have tested.

The components of the quinine - Fansidar regimen are more powerful antimalarials than any alternative
drugs. For chloroquine- resistant falciparum malaria, quinine Is the only rapidly acting drug currently
available. The components of Fansidar are longer acting than any other similar drugs (Table 3). Fansidar
is more effective in the radical cure of P. falciporum than pyrimethamine with DDS (10) or pyrimethamlne
with DFD (A). Single dose Fansidar is more effective than multi-dose clindamycin or tetracycline (11).
it should be stressed that Fansidar alone is often toxic (e.g. fever, urticaria) and slow acting, but when
given at the end of a course of quinine, it caused no serious toxicity in over 300 patients. Sequential
quinine - Fansidar is also more logical than combination therapy because antimalarial activity In the blood
is obviously maintained for a longer period.

Quinine has, of course, been used for malaria for several hundred years. Sulfadoxine was introduced for
malaria by Laing (12). Chin (13) discovered the antimalarial potentiation of sulfadoxine and pyrimethamine.
The U.S. Army found that a 14 day course of quinine with an Initial dose of sulfadoxine and pyrimethamine
was effective against falciparum malaria (14, 15). However the official U.S. Army regimen is still quinine
for 10 days, pyrImethamine for 3 days and DDS for 29 days (16). In Laos a 7- 10 day course of quinine
plus an initial dose of Fansidar was found to be effective (17). However quinine with Fansidar is not
mentioned in the regimens recommended by W.H.O. (2) nor in the latest addition of a leading textbook of
medicine (18).
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There is evidence that quinine is more effective then chloroquine against cblorqulne-sensitivo feleiporum
malaria from Africa (19). Therefore comparative studies of quinine and chloroqutne with and without
terminal Fansidar for African falciparum are obviously indicated.

RECOMMENDATIONS: The following is the recommended treatment of falciparum malaria in Thailand
based on all completely tested drug regimens to dates

1. At least four doses of quinine (540 mg base each dose in adults) usually given at 12 hour intervals
followed by a single dose of Fansidar (sulfadoxine 1.5 g with pyrimethamine 75 mg in adults). Propor.
tionately smaller doses are given to children.

2. Quinine dosage should not exceed 20 mg/kg daily. The first and sometimes subsequent doses of
quinine should often be administered as an intravenous infusion usually in four hours. The standard
dose in adults is 500 mg (10 gr) in 500 ml normal saline.

3. In order to prevent pulmonary edema, Thai adults with falciparum malaria should not receive more
than 1500 ml fluid (including blood transfusion) every 24 hours. Children should receive proportionately
smaller volumes.

4. Blood transfusion is rarely indicated in falciparum malaria and antimalarial therapy is usually sufficient.
Blood transfusion should be considered if the hematocrit falls below 15%.
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Table 1. Relation of the Number of Quinine Doses to the Falciparum Malaria Cure Rate.

Average Average Average Average TreatmentNo. DosesParasite Initial Fever s Cur* Cur*No. Doses Parasite Count Clearance Fvr Clearanceie (S) Rate

For Group Time ( Hrs) ( "C ) Time ( Mrs) (RI-II

0* 60230 73.0 39.5 62.6 6 33 65

1 57742 67.3 39.1 50.7 0 21

2 65510 71.6 39.5 57.5 2 22

3 71719 67.7 39.3 55.6 0 24

4"* 124624 72.4 39.4 43.4 0 22

5 76385 67.4 39.5 54.5 2 22

6 81481 73.8 38.8 62.5 1 21

7 114285 75.3 39.4 58.0 0 23

8 99600 78.2 39.3 70.3 1 21

9 64067 76.6 39.2 59.5 5 63

10 98651 81.5 38.5 69.5 0 20

11 66949 91.8 39.6 102.0 0 7

12 285057 88.0 39.0 74.8 1 6

13 242345 92.5 39.2 93.5 0 3

14 269754 108.8 38.7 91.0 0 3

15 138340 117.0 40.3 109.5 0 2

16 - - - - - -

17 515060 130.0 40.1 82.0 0 1

18 252720 147.0 40.2 137.0 0 1

Average
1-18 Doses

(Total Quinine. 90676 77.3 39.2 61.5 12 320 96
Fansidar Group)

* Study reported in detail elsewhere (4)
** For optimum clinical response at least 4 doses of quinine should be given before the Fansidar.
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Table 2. Fokkisrun Malaria in Thailand 1973-1974.
-Cure Rates with 4 Different Regimens.

Average Average Cure

Drug Regimen Duration Parasitemla Rifll RIi RI Rate (C 0
Therapy (per cu.,m.) I

Qulnine+Fansidar 3 days 90,000 0 0 12 302 96

Quinine** 6 days 28,000 1 0 9 55 85

Fansidar*** 1 dose 56,000 4 0 2 33 85

Chloroquine 3 days 15,000 2 8 1 0 0

* Rill, no marked reduction of asexual parasitemia; RII, marked redudlon of asexual parasitemia,
but no clearance; RI, clearance of asexual parasitemia, followed by recrudescence; S, clearance
of asexual parasitemla, without recrudescence (radical cure). World Health Organization (1967).

** Study reported In detail In Hall, A.P. et al. (3)

* Dose in adults 1.5 g sulfadoxine and 75 mg pyrimethamine.

Table 3. Dlhydrofolate Reductase Inhibitors, Sulphonamldes
and Sulphones Used in Malaria - Half-life (t12)

Half-life ReferenceDrug (T/2 In Hours)

Sulfadoxine* 200 Brooks, M.H. et al. (15)

Pyrimethamine* 96 Smith, C.C., and Ihrig, J. (20)

Sulfalene 65 Seneca, H. (21)

DFD 30 Sonntag, A.C, St al. (22)

DDS 21 Glazko, A.J. et ai. (23)

Sulfadlazine 17 Richards, W.H.G. (24)

Sulfamethoxazole'* 9 Schwartz, D.E., and Rieder, J. (25)

Trimethoprim"* 9 Schwartz, D.E., and Rieder, J. (25)

* Sulfadoxine with pyrimethamine is marketed as Fansidar.
** Sulfamethoxazole with trimethoprim (co.trimoxazole) is marketed as Bactrim or

Septrin.
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Comparison of Mefloquine (WR 142490) and Pyrlmethamlne with
Sulfadoxine for the Single-Dose Treatment of Falciparum Malaria

Principal Investigators: Anthony P. Hall, COL, MC
Banharn Laixuthal, LTC, MC, RTA
Chul Karnchanochetanee, M.D.'
Edward B. Doberstyn, MAJ, MC
Eliot J. Pearlman, MAJ, MC
Richard M. Lamp*, MAJ, MC
Charles F. Miller, MAJ, MC
Pung Phintuyothin, MG, RTA (Rtd.)
Samran Samronsamrualkit, M.D.'

OBJECTIVE: To compare the efficacy of mefloquine and Fansidar in the treatment of faiciparum malaria.

BACKGROUND: Mefloquine (WR 142490) is cc - (2-piperidyl)-2, 8-bis (trifluoromethyl)-4-quinoline
methanol hydrochloride. Mefloquine, given as a single dose, has been very effective in the treatment of
induced falciparum malaria in prison volunteers in the United States (1). it is a long acting chemical
analogue of WR30090. In Thailand WR30090 was as effective as quinine when administered every 8
hours for 6 days in the treatment of falciparum malaria.

Fansidar (a 2011 combination of sulfadoxine and pyrimethamine) has been extensively studied as a single
dose for the treatment of falciparum malaria. In Thailand Fansidar was 85% curative in Trad Province
and 82% curative in Prachinburi Province in the SEATO studies.

DESCRIPTION: The study was begun at the Chao Phya Abhai Bhu Beihr (Prachinburl Provincial Hospital)
on 24 February 1975. Male patients who volunteered were selected for study if they were aged at
least 15 years. Other criteria were an asexual parasite density of P. falciparum of at least 1,000 per
cu.mm. and the ability of the patient to return for follow-up examination on days 14, 21 and 28 after
therapy. Also the patients were asked to sign a written consent after being informed of the nature and
potential hazards of the study. Thirty patients will be treated in each group.

Direct estimations of the parasite density were made on admission, twice daily In hospital and once at
follow-up examination on days 14, 21 and 28. Determinations of the hematocrit and WBC count were
made daily in hospital and at the follow-up examinations. Urinalysis was performed on admission and
whenever subsequently indicated.

The medications were administered by the nursing staff in the presence of a study physician. Mefloquine
was supplied as plain tablets each containing 250 mg of the drug. The dose was 1.5 j (six tablets).

Sulfadoxine-pyrimethamine was prescribed as plain tablets each containing 500 mg sulfadoxine and 25 mg
pyrimethamine. The dose was three tablets.

PROGRESS: MEFLOQUINE acted more quickly against falciparum malaria than did Fansidor (Tables 1 and
2). However, even with mefloquine, the patients' symptoms did not always respond as quickly as the
parasite and fever clearance time would suggest.

The parasite clearance time for mefloquine was 59 hours which is shorter than for the 12 other regimens
that we have tested. For example, the parasite clearance time for quinine, in a group of patients of
similar clinical severity, was 69 hours. The average fever clearance time for mefloquine was 46 hours.

I Prochinburi Provincial Hospital (Chao Phya Abhai Bhu Bolhr Hospital, Prachinburl, Thailand)
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Only amodlaquine had a shorter fever c€earance time (36 hours). In most patlents who received meflo.
guine, fever cleared rapidly, but in two it was more prolonged (Cases 3 and 5).

One patient showed clinical deterioration during the first few hours after the dose of mefloquine and

an Rili failure was diagnosed. The patient responded to quinine and the case history is given below.
Follow-up has been completed on nine other patients and all achieved radical cures of their infection.

Patient No. 1. was an 18 year old laborer with a history of headache and fever for five days. He
complained of a bitter taste In his mouth but was not thirsty. He was afebrile on admission (temperature
37.2°C) and the pulse rate was 90 per minute. The blood pressure was 90/50. He looked slightly anemic
but was not jaundiced. His abdomen was soft and the liver and spleen were both moderately enlarged. He
could stand and stagger about but he preferred to lie down. He was alert and signed the consent form.

His skin was cool without perspiration. The initial parasite density (5 minute stain) was 96,000 per

cu.mm. He was diagnosed as having moderately severe falciparum malaria. Because he was afebrile and

hypotensive, the old term "algid malaria" was probably appropriate. The hypotension was probably due

to salt depletion or possibly dehydration. Mefloquine 1.5 g orally was administered at 0945 hours and

500 ml normal saline was infused over a four hour interval. The Accurate Count (30 minute stain) was

171,000 per cu. mm. At 1330 hours the parasite count was 208,000 per cu.mm., but the patient had a

large lunch. At 1600 hours the patient sat on the floor (as was his custom) and had a large meal. He

then developed severe abdominal pain. On examination the patient was groaning and writhing in agony.

An infusion of quinine (500 mg in 500 ml normal saline) was begun at 1650 hours and was infused in

3.5 hours. The serum quinine concentration increased from 0 to 13.3 mg per liter during the Infusion.

Th3 severe abdominal pain disappeared within 30 minutes of the beginning of the infusion and overall the

patient greatly improved. The parasite density, however, was 407,000 per cu.mm. at 1745 hours and

468,000 at 2020 hours. A fever of 39.1°C developed during the day.

The patient's condition was satisfactory the next morning but the parasite density was still 450,000. per

cu.mm. A second infusion of quinine 500 mg in 500 ml normal saline was infused over a four hour

interval. At the end the patient had tinnitus indicating quinine toxicity. However at 1300 hours the

parasite density had decreased to 141,000 per cu.mm. A third and smaller dose of quinine (270 mg

orally) was given at 1800 hours. Thereafter the patient made a steady recovery and remained free of

.,jrasitemia on days 14, 21 and 28,

The parasitemia cleared in 99 hours and the fever in 88 hours. During the Initial 24 hours the hematocrit
(packed cell volume) decreased from 40 to 26 per cent. Thereafter, coincident with the eradication of
his disease, the hematocrit Increased to 41 per cent on day 28 without any hematinic therapy.

FANSIDAR: The single dose combination of pyrimethamine with sulfadoxine (Fansidar) cleared parasitemia

on average more slowly (76 hours) than did mefloquine (59 hours). Clinically Fansidar acted slowly in
many patients (case histories given below). The fever clearance time (62 hours) was longer than that
for mefloquine (46 hours). The differences between the clearance times are not statistically significant
but probably will be when more patients have been studied. So far, 6 out of 8 patients have been cured.

Patient No. 16. This 35 year old laborer had headache and myalgia for four days. There was no

history of previous malaria. His temperature was 40.0°C, pulse rate 90, blood pressure 120/80 and

weight 46 kg. He appeared mildly jaundiced but not anemic. He was alert but tired and could only
walk with assistance. The parasite density was 100,000 on the slide stained for five minutes and 78,000
on the 30 minute slide. The dose of Fansidar was given at 1530 hours. Because his lips were dry,
dehydration was diagnosed. One thousand milliliters 5m dextrose in saline were infused over a four hour

interval. On day 1 the parasite density decreased to 12,000 but his fever resurged to 40.5°C on day 1

and to 41.0°C on day 2. The patient was observed carefully and he improved; however, anorexia

persisted. His parasitemla cleared on the morning of day 6 (135 hours) but reappeared in the afternoon.
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Therefore a treatment failure was diagnosed, either RI or Rh. The patient received four doses of oral
quinine and the parasitemia clbared. He was discharged. On day 28, the patient returned with a parasite
count of 1000. Again he received four doses of quinine. On day 42 the patient returned with a count
of 2,000. Six days of oral quinine therapy was prescribed as an outpatient. One week later the patient
was free of parasitemia.

Patient No. 20. This 36 year old farmer had a history of headache and fever for three days. His
temperature was 39.5*C and pulse rate 90 per minute. He was walking and alert. The liver and spleen
were not palpable. The parasite density was 31,000 per cu.mm. Fansidar was given at 1730. The
parasitemia decreased to 20 per cu.mm. by the afternoon of day 2, at which time the fever resurged to
39.9°C. On day 3 the patient felt better and the fever decreased to 37.8°C at 0600 hours. During the
day the parasitemia increased from 20 (overnight) to 900 to 2200 per cu.mm. An RII response was
diagnosed. One dose of oral quinine was given at 0900 hours. The parasitemla decreased to 0 by day
6; however, the patient developed a persistent headache and a parasite count of 10 per cu.mm. was again
noted on day 9. A six dose course of quinine was now given and another dose of Fansidar. The patient
was cured.

The therapeutic result in this patient is somewhat difficult to assess. On day 3 the parasite count

increased but the fever decreased and the patient felt better. It could be argued that the quinine was
given prematurely. However despite one dose of quinine, the parasitemia returned on day 9. The patient

therefore had either an RII or an RI response.

Patient No. 22. This 38 year old laborer had received two shots (probably an antlpyretlc) two days

previously. He did have a history of malaria eight years ago. His temperature was 38.6°C, pulse 104,
blood pressure 90/60 and weight 55 kg. The spleen was enlarged. The parasite count was 13,000 per
cu.mm. The dose of Fansidar was administered at 1115 hours. At 1300 hours the parasite count was
62,000 but the patient had improved clinically. At 1930 the parasite count had increased slightly

to 90,000. The patient felt better and the temperature had decreased from 40.2°C. to 37.2°C. Because
of the increase In parasitemia, quinine therapy was begun. The fever cleared in 63 hours. The patient

received oral quinine every 12 hours, but the parasitemia persisted at 10-60 per cu.mm. for three days.
Therefore the quinine dosing was increased to every 8 hours. The patient finally received 18 doses of

quinine, it was later decided that quinine therapy had been instituted prematurely on day 0, so no

therapeutic result could be recorded.

DISCUSSION: Fansidar (a 23:1 combination of sulfadoxine with pyrimethamine) has been extensively
studied both for the treatment and prevention of malaria. At Prachinburi Hospital in Northeast Thailand
in 1972, a single dose of Fansidar cured 82% of a group of patients with falciparum malaria; In Southeast
Thailand in 1974 the cure rate was 85s. However it Is well known that Fansidar is often slow to bring

an infection under control and some infections are resistant to the drug. The preliminary results of this

study suggest that a lower cure rate will be found at Prachinburi Hospital in 1975.

In the initial group of patients, mefloquine cleared parasitemia and fever more quickly than did sulfa.
doxine with pyrimethamine. Clinically mefloquine acted more quickly and appears to be a very effective

antimalarial drug; however quinine by intravenous Infusion is still required for severe Infections. The
current recommended treatment for chloroquine resistant falciparum malaria is a course of quinine followed
by a single dose of sulfadoxine with pyrimethamine. Mefloquine can be considered a superior substitute
for Fansidar in this regimen. A short course (e.g. 2-6 doses) of quinine will probably usually suffice

in severe cases and in mildly ill patients, the mefloquine can be given alone.

SUMMARY: Mefloquine 1.5 g (a 4-quinoline methanol) was compared with pyrimethamine 75 mg and

sulfadoxine (Fansidar) 1500 mg for the single dose treatment of falciparum malaria. The study is still in

progress. So far, mefloquine has cured 90% (9/10) of patients; the average parasite clearance time has
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bee% 59 hows ad the 1 verege fever ClOreece time 46 bours. With FPoesder the cure rate hu 6ee0
7?S '(611), the praslte clearance time 76 bours and the fever cl~orance fue. 62 bouts.
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1. Canfield, C.J., and Rozman, R.S. : Clinical Testing of New Antimalarial Compounds, Bull Wid. 11lth.
Org. 50, 203, 1974.

Table 1. Falciparum Malaria Treated with Mefloqulne JWR 142490)

Initial Parasite Initial Fever
Patient Asexual Count Clearance Fever ClearanceResult*
Number P. falciparum Time Feve Time

(per cu.mm.) (Hours) C) (Hours)

1 171000 - 37.2 - Rill

2 130000 62 38.2 28

3 68000 67 39.0 46 5

4 28000 68 40.0 79 ,

5 27000 44 38.8 31

6 16000 43 39.8 10 S

7 15000 62 39.1 101 S

8 11000 88 39.8 38 $

9 8000 91 40.4 104

10 7000 76 38.5 61 $

11 5000 66 39.6 32 S

12 4000 22 39.2 15 5

13 2000 19 39.4 10 S

Mean 38,000 59 39.2 46

* In no result given, follow . up had not yet been completed.

222



Table 2. Foiciparum Malaria Treated with Pmasiddr
(Pyrlmethamine with Sulfadoxine)

Initial Parasite Initial Favor

Patient Asexual Count clearance Favor clearance Result
Number P. falciporum TimeaVn) Time

(per cu.mm.) (Hours) (C) (Hours)

14 104000 91 40.1 110 3

15 81000 - 39.7 -

16 78000 135 40.0 114 1i

17 56000 73 41.0 104

18 41000 86 40.5 37 S

19 35000 73 40.0 52

20 31000 - 39.5 - Rll

21 15000 87 39.9 61

22 13000 - 40.2 - See Text

23 13000 67 36.5 -

24 7000 71 40.0 40

25 6000 90 37.5 - S

26 5000 69 39.0 64

27 4000 88 38.0 104 S

28 4000 67 40.2 58

29 4000 64 39.6 47

30 3000 43 38.0 17 S

31 2000 42 38.5 13

32 1000 68 39.0 43 S

Mean 26,000 76 39.3 62
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The Mesgnegernt of Ca tor Fallelparo Mobil

Principal Investigators Anthony P. Hall, COL, MC
Chul Karnchanachetanee, M.D.I
Panya Sonkom, M.D. 2

OBJECTIVE: To establish the optimum management of coma in falciparum malaria.

BACKGROUND: Cerebral malaria is common in falciparum malaria and usually occurs in patients with
high parasite counts; however, occasionally, patients present in coma with low parasite counts. Coma is
the most serious manifestation of cerebral malaria ian adults. Epilepsy Is also a grave complication
especially in small children. Other forms of cerebral malaria include delirium, confusional states and
stupor. Often the patients enter hospital seriously Ill and stuporous and lapse into coma soon afterwards
or after therapy. Often the patients appear to lapse into coma or to come out of coma following
minimal therapy. In some patients, therefore, the cerebral malaria is short-lived, whereas in others
coma Is deep and irreversible.

Quinine Is the most effective drug in therapy. Corticosteroids were first recommended in 1967 but have
never been subjected to a controlled clinical trial. The anticoagulant heparin has been recommended
because some investigators consider disseminated intravascular coagulation to be a common complication of
severe falciparum malaria. The plasma volume expander, Dextran, has also been recommended for
falciparum coma-as has the osmotic diuretic, Mannitol.

DESCRIPTION: Between January 1973 and July 1974 at Trod Provincial Hospital about 40 patients with
the various types of cerebral malaria were treated. Further experience has been gained at the Prachinburi
Hospital since the project was initiated there in February 1975. The clinical evaluation of the patients has
consisted of close observation by the study physicians. Detailed clinical notes have been maintained on
specific study sheets. The rate of intravenous therapy has been monitored at regular intervals, usually
every 30 minutes. The state of consciousness, pulse rate, and blood pressure were also regularly monitored
when indicated. Complete physical examination was regularly performed. if bladder distension occurred,
a urethral catheter was passed and the bladder continuously drained into a measured bottle. The rate
of urine production was recorded at frequent intervals. Laboratory investigations included a parasite count
at least twice daily and a daily hematocrit. Urinalysis was performed on admission and whenever
subsequently indicated. Serum was taken for biochemical analysis on admission and at regular Intervals
thereafter. Relevant Investigations were performed a few weeks later at the SEATO laboratory in Bangkok
aid usiuIlly comprised a tolal serum bilirubin, serum creatinine and serum glutamic oxaloacetic transaminase
($GOT). A serum alkaline phosphatase was also occasionally determined. Serial serum quinine
concentrations were determined on most patients. The technique consisted of extraction of the quinine
with benzene followed by sulfuric acid and estimation of the fluorescence of the quinine in a
spectrofluorophotometer.

PROGRESS: Three case histories are given to Illustrate the successful management of cerebral malaria.

Case I : A 42 year old man (a tree worker) was brought to Trod Hospital at 2000 hours on 11
May 1974. He had been in coma since 1r•o hours. The history was of vomiting and anorexia for three
days. He consulted a physician in Trod ciii c midday on the day of admission and a 500 ml unit of
intravenous fluid was administered as well as une tablet orally. The patient went home and then lapsed

1 Prachinburi Provincial Hospital
2 Trod Provincial Hospital

224



into coma. He gave a history of malaria two years previously. His temperature was 38.5"C acd pulse
rate 120. The parasite count was 62,000 per cu.mm. He was in coma but reacted to pain. He was
sweating profusely. The obvious question arose as to whether the patient had received quinine in the
private clinic earlier in the day. For this reason he was given a half dose of quinine (250 mg) In 500 ml
normal saline, infused over five hours. The next morning, 10 hours later, he was awake. A half-dose of
quinine was given orally (270 mg) and eight hours later a full dose (540 mg). A full dose of Fansidar
(three tablets) was administered in the evening. The patient made a satisfactory recovery and his
parasitemla cleared in 83 hours.

His sera were analyzed two weeks later. Surprisingly, the serum was free of quinine on admission.
On the morning after receiving the half-dose of intravenous quinine his serum quinine level was
4.2 mg. per L.

Case 2: A 21 year old farmer was admitted in a stuporous condition. His parasite count was 250,000
per cu.mm. but his vital signs were satisfactory. We decided to treat him with intravenous quinine in the
standard 500 mg doses in 500 ml normal saline-at 12 hour intervals. The first dose was given in two
hours. The serum quinine was 9.0 mg per L at the end of the Infusion (Figure 1) and had decreased to
3.6 mg. per L at hour 17 when the second infusion was commenced. This was infused In three hours and
raised the serum quinine to 9.3 mg per L. The third Infusion was begun at hour 24 for four hours and
increased the serum quinine to 10.3 mg per L. The final Infusion was begun at hour 38 and infused in
five hours. The serum quinine then peaked at 11.0 mg per L. No further quinine was given until hour 71
when three doses of oral quinine were administered over a 15 hour Interval. A dose of Fansidar (three
tablets) was administered at hour 98. The patient's parositemia remained high until hour 35 when a steady
"decrease began. The patient became completely conscious about hour 43. Another notable feature of
this case was that the patient had evidence of a bleeding disorder on admission. He had a large amount
of recently dried blood in his nostrils and bleeding about venipuncture sites. These signs rapidly cleared
with the successful management of his disease.

Case 3: This patient represented a very successful therapeutic result because he appeared moribund on
admission. He was in deep coma and flaccid. His respiratory rate was increased at 40 per minute and
his heart rate was 130 per minute. There was a loud systolic murmur. There was bleeding about
venipuncture sites. The Thai physician gave the relatives a very serious prognosis. The initial parasite
count was about 95,000 per cu.mm. The patient's progress can be seen in Figure 2. Doses of intravenous
quinine were administered at 0, 16 and 23 hours following admission The patient's consciousness returned
towards the end of the third infusion. He received a dose of oral quinine on hour 20 and another dose
of Intravenous quinine at hour 49. A dose of Fansidar (three tablets) was administered at hour 62.
During the first 50 hours the serum quinine concentration remained In the 4-12 mg per L range. The
patient made an uneventful recovery.

DISCUSSION: A system for managing severe folciparum malaria has been established by our investigations.
Most patients recover with quinine therapy alone but it is Important to avoid overdosage. Twenty
milligrams per kilogram daily is the maximum safe dose and this Is administered intravenously not more
frequently than every 12 hours. As discussed elsewhere, fluid input should be restricted to prevent
pulmonary edema. Corticosteroid therapy has not been discussed in this paper and Its value Is difficult to
determine.
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Pvlmeory ideas Due to Fltdd Overlofd in Felciparvm Melaori

Principal Investigators I Anthony P. Hall, COL, MC
Dumrong Churoendkum
Panya Sonkom, M.D.'

OBJECTIVE: To determine whether restriction of intravenous fluid intake would decrease the Incidence of

pulmonary edema in comatose patients with falciparum malaria.

BACKGROUND. Brooks et al. presented case-histories on five patients with falciparum malaria who
developed pulmonary edema and died (1). Four of the patients had received intravenous fluids. Punyagupta
et al. described 12 patients with this complication of whom nine died (2). All patients had received
intravenous fluids. Both authors claim that the pulmonary edema was not due to fluid overload but to a
specific complication of the disease.

This paper reports on six comatose adult patients with faiciparum malaria who developed pulmonary edema
which was attributed to excessive Intravenous fluid therapy. Ten other comatose patients with falciparum
malaria, studied later, did not develop pulmonary edema and this was attributed to optimal intravenous
fluid therapy.

DESCRIPTION: The study was carried out at the Trod Provincial Hospital In Southeastern Thailand 400
km from Bangkok. The area is endemic for chloroquine-resistant falciparum malaria (3, 4). Diagnostic
services and nursing facilities were limited at the time of the study (1973-1974). Study physicians
maintained detailed clinical records, closely monitored intravenous fluid therapy and, in most patients,
recorded the approximate urine output. the patients were seriously Ill on admission and there was no
facility for weighing them In bed before treatment. Central venous pressures (CVP) could not be monitored.

Initially eight comatose patients (six adults, two children) with falciparuin malaria and pulmonary edema
were studied. Not all patients were under the direct care of the research physicians. Following the
restriction of Intravenous fluid intake as a change in therapeutic policy, 10 comatose adults with faiciparum
malaria were studied who did not develop pulmonary edema. The two groups were equivalent with respect
to clinical severity and average parasite densities.

Quantitative parasite counts (5) were determined at least twice daily in hospital and at follow -up

examinations on days 14, 21 and 28 and often later. Hematocrits and white blood cell counts were per.
formed regularly. Sera were collected and taken to the SEATO Laboratory in Bangkok for determination
of quinine concentrations (6). There were no facilities at Trod for radiogracphy or autopsies.

PROGRESS: In six comatose adults the onset of pulmonary edema was apparently related to Intravenous
fluid therapy (Table 1). These patients received an average of 1,767 ml Intravenous fluid during the first
eight hours after admission and altogether 2,825 ml in the first 24 hours. The physical signs of pulmonary
edema developed following Intravenous therapy. In all six patients, fluid intake greatly exceeded urine
output during the period that pulmonary edema developed. In three patients, coma developed or worsened
after intravenous fluids.

Ton comatose adult patients studied later did not develop pulmonary edema. Their average fluid intake
was 563 ml in the first eight hours and 1,181 ml in the first 24 hours (Table 2). The differences between
the eight hour inputs (t = 4.2, p <0.001) and 24 hour Inputs (t = 4.1, p <0.001) were statistically
significant. No clinical deterioration followed intravenous therapy in the second group.

1 Trod Provincial Hospital
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The cass -histories on two adults and two children are now given who were net under the care of
physicians from SEATO Medical Research Laboratory.

Case No. 2: This 30 year old woman was six months pregnant. She had become comatose on the day
of admission. On examination the lung -fields were clear. Her temperature was 31.80C and her asexual
parasite density of P. falciparum was 94,600 per cu.mm. Since she was pregnant, quinine was not prescribed
for fear of abortion. One thousand milliliters of five per cent dextrose with 200 mg chloroquine base
was Infused In one hour. A second similar unit was infused in the following six hours. Thus within eight
hours of admission the patient had received 2,000 ml fluid. The patient developed noisy breathing. Loud
moist crepitations were present throughout both lung-fields. Since her falciparum malaria was deemed
resistant to chioroquine, a third liter with 1,000 mg quinine was now administered. The next morning she
awoke briefly but lapsed into coma following further intravenous fluids which were administered at the
rate of 1,000 ml every eight hours. The physical signs of gross pulmonary edema persisted and she died
24 hours later at which times the parasite count had decreased to 60 per cu.mm.

Case No. 6: This 18 year old man had been iII for eight days and aphasic for two days. The patient
had been taken to an unlicensed practitioner on the day before admission. Four thousand milliliters of
intravenous fluid were inf;;iJ. by the practitioner over a 12 hour Interval. After 3,000 ml, the patient
was able to walk to the toilet (according to his brother). Another 1,000 ml was rapidly Infused and the
patient went Into a deep coma from which he never recovered. He was brought Into the hospital moribund
about 10 hours later, coughing up blood -tinged sputum. He had cyanosis and was breathing noisily.A

Extensive moist ralas were heard. The P. falciporum density was 130,000 per cu.mm. in hospital he
received quinine 500 mg in 500 ml normal saline intravenously over a four hour interval. The diuretic,
furosemide 20 mg, was administered intravenously and urine output was 800 ml during the next 12 hours.
A second quinine infusion was begun 16 hours after admission. The total fluid input in hospital was 700
ml and output 1,300 ml, but the physical signs and gross pulmonary edema worsened. The patient deterlo.
rated and died 22 hours after admission.

Case No 17: This four year old boy weighed 10 kg. On admission at 1100 hours he was stuporous
with enlarged liver and spleen. The P. falciporum density was 273,000 per cu.mm. Quinine 250 mg in
500 ml five per cent dextrose in half-normal saline was infused over five hours. His condition deteriorated
and signs of pulmonary edema supervened. On the next day he was in coma and extensive bubbly rdles
were heard over both lung - fields. The parasite count had decreased to 48,000 par cu.mm. Another
250 mg quinine in 500 ml was infused in eight hours. After two hours his coma had deepened and spleen
had become larger. Convulsions appeared, which were only partly responsive to Nembutal intramuscularly
and intravenously. He developed an extension spasm of the neck. On the next day his parasite count
had decreased to 10,000 per cu.mm. The physical signs of severe pulmonary edema persisted. Another
250 mg quinine in 500 ml was infused during the day and the parasite count decreased to 2,000 per cu.mm.
The boy was moribund and his father took him home to die.

Comment: In this 10 kg boy, an initial 500 ml infusion appeared to precipitate pulmonary edema.

Case No. 18: This five year old girl weighing 12 kg was admitted seriously iII but fully alert. Her
asexual count of P. falciparum was 396,000 per cu.mm. Quinine 250 mg in 250 ml normal saline was
infused over 90 minutes. Her lungs remained clear at the end of the infusion. On the next morning, 17
hours after admission, her condition appeared to have improved. The parasite count had decreased to
54,000 per cu.mm. Another 250 mg quinine was Infused in 500 ml and she developed fits and went into
coma. Extensive roles were audible throughout both lung-fields. Twenty-four hours later another infusion
of 500 ml quinine was given. She continued to deteriorate with the clinical signs of coma and gross
pulmonary edema and died.

Comment: In this 12 kg girl, an initial infusion of 250 ml was uneventful but a subsequent infusion of
500 ml precipitated a fatal pulmonary edema.
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OPTIMAL INTRAVENOUS HYDRATION, As described above, pulmonary odema developed In night patienls
(six adults, two children) following Intravenous fluid. Therefore In subsequent patients fluid input was
restricted.

Tht patients were in coma on admission or lapsed Into coma shortly afterwards. None developed pulmonary
edema and this was attributed to the deliberate restriction of Intravenous therapy (Table 2). A positive
fluid balance was not detected in any patients. The following case description is representative.

Case No. 12: This 26 year old man weighed 45 kg and was admitted in coma. His initial asexual count
of P. folciparum was 10,800 per cu.mm. which cleared within 64 hours. Intravenous fluid intake over the
first four days was 1,000, 1,000, 1,450 and 1,000 ml, respectively. On this restricted fluid intake his
urine output was about 1,000 ml daily, indicating that fluid balance was neutral. The intravenous quinine
Input over the first four days was 1,000, 0, 500 and 0 mg, respectively. Coma persisted 87 hours and he
made an uneventful recovery. The patient's recovery was partly attributed to the moderate doses of both
intravenous fluids and quinine. This treatment was successful with cases 7, 8 and 13-16 in particular.

QUININE DOSAGE: Detailed records of quinine therapy were available on four of the six patients who

developed pulmonary edema. These men received on average 1,500 mg quinine base intravenously In the

first 24 hours (Table 3). The 10 patients who did not develop pulmonary edema received on overage
1,055 mg (Table 4). The difference is statistically significant (t = 5.1, p <0.001); however, there was

no evidence that quinine caused pulmonary edema. For example, Case No. 10 was admitted in deep coma
and apparently moribund. He received 1,500 mg quinine intravenously in 1,500 ml daily for the first two

days. A toxic concentration of serum quinine was produced (14.1 mg./L) but there was no evidence of
pulmonary edema. Case No. 11 also received 1,500 mg of quinine daily intravenously and his cerebral
state appeared to deteriorate after each dose of quinine, but Intravenous fluids were restricted to 1,500

ml daily and pulmonary edema did not develop. Similarly Case No. 12 was overdosed with quinine since

the serum quinine concentration rose to 20.6 mg/L. Pulmonary edema did not develop but the quinine
appeared to precipitate aphasia and coma.

DISCUSSION: There are three lines of evidence that pulmonary edema in falciparum malaria is usually
caused by therapy and not by the disease.

Firstly, fatal pulmonary edema (or acute pulmonary insufficiency) is rarely mentioned in the older

literature but has only recently emerged as a serious and challenging complication of acute falciparum

malaria (2). If pulmonary edema were frequently an integral part of the disease then it should appear

prominently throughout the literature. However, some textbooks do not mention pulmonary edema (7, 8)
and, in another, only one case is mentioned (9). This is in marked contrast to the extensive descriptions
of cerebral and other complications. Pulmonary edema has emerged as a clinical problem in the disease

-coincidentally with the extensive use of Intravenous fluids.

Secondly, 80 per cent (21/26) of recent cases of pulmonary edema described in this and other studies
(1, 2, 10, 11) developed after admission to hospital. At least one other patient had received Intravenous
fluids before admission. This suggests that some cases are due to therapy.

Thirdly, in most patients who develop pulmonary edema, there is evidence of a high fluid Intake or a
positive fluid balance. A positive fluid balance did not occur in our successfully managed patients. It

was striking how often the urine output matched the restricted intravenous fluid intake. Either Insensible

loss is an overrated factor in falciparum malaria or water is produced by tissue catabolism in the disease.

Our adult Thai patients who developed pulmonary edema received an average of 1,800 ml fluid
intravenously in the first eight hours after admission and altogether an average of 2,800 ml in the first

24 hours. The patients who did not develop pulmonary edema received an average of 560 ml In the first
eight hours and 1,180 ml in the first 24 hours.
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Similarly, in Vietnam, pilmonary edema did not develop in any of 73 patients with recrudescent falciparum
malaria who received 1,500 ml of Intravenous fluid daily (12). These data suggest that re-interpretation
of some recent studies is indicated.

In their first paper Punyagupta et al. described two patients. In Case No. 1, the fluid input in the first
four days was 17,855 ml and the output was 8,850 ml, giving a positive fluid balance of 9,000 ml, which
the authors did not discuss; but during this time the patient developed pulmonary edema. Between the
fifth and seventh days the fluid intake was 7,585 ml and output 11,550 ml, giving a negative balance of
3,965 ml. During this time diuretic therapy and many other drugs were given and the pulmonary edema
resolved. During the seven days of observation, the average daily fluid Intake was 3,634 ml and output
of urine was 2,914 ml, which is very high. It should be remembered that homeostasis can be achieved
with as little as 500 ml urine daily (14).

In the second patient, pulmonary edema developed on the second hospital day during which the fluid
intake was 4,750 ml and output 1,950 ml. Although the diuretic furosemide was administerred to both
patients, the authors attributed survival to the treatment with heparin, dexamethasone, dextran and
antimalarial drugs. These two patients were included In the total of 12 described in the second report (2).
They claimed that fluid overload did not occur, and preferred the term acute pulmonary Insufficiency; but
they gave no informatior on. fluid balance in their other 10 cases.

Brooks et al. described fatal pulmonary edema in five patients of whom four developed the complication
between the third and tenth hospital days (i). In these four patients the average daily fluid Intake was
2,900 ml and output 1,800 ml, giving an average positive fluid balance of 1,100 ml daily. Their fifth
patient did not receive intravenous fluid before the onset of pulmonary edema and fluid overload was
presumably not a factor in that patient.

In three of aor patients anzi probably in many others described In other reports, fluid overload appeared

to cause both pulmonary edema and coma (e.g., cerebral edema).

Dehydration Is either a rare or non-existent feature of falciparum malaria. Metabolic studies have

demonstrated hyponatremla, an increased plasma volume but no abnormality of total body water in many
patients with acute falciporum malaria (25, 16). Thus, It Is surprising that having demonstrated an increased
plasma volume in falciparum malaria, Brooks et al, dismissed fluid overload as being a factor in their
patients with pulmonary edema (1).

Miller et al. confirmed the hyponatremia, considered that the cause was salt depletion and water retention
and said "serious errors in treament can arise from the blanket assumption that all malaria patients are
dehydrated and routinely in need of Intravenous water and electrolytes. In those with severe anemia and
cardiac disease this could precipitate pulmonary edema" (17). This viewpoint had been expressed before
(18). Tigertt (personal communication) has confirmed that many instances of pulmonary edema among U.S.
troops with falciparum malaria in Vietnam were due ta fluid overload. In retrospect most patients (U.S.
military in Vietnam) with edema in falciparum malaria had a progressive weight gain before the onset of
dyspnea in contrast to the usual weight loss of 1.7 to 2.6 kg in the disease (19).

There is evidence, therefore, that in falciparum malaria fluid overload can be produced by Intravenous
fluid therapy. Extreme thirst is a frequent symptom in the disease, which raises the question whether
excessive oral intake of fluids could sometimes precipitate pulmonary edema and coma.

The central venous pressure (CVP) has been normal when measured in falciparum patients with pulmonary
edema (1, 2, 11). Our interpretation would be that fluid overload can precipitate pulmonary edema without
increasing the CVP. Damage to the pulmonary tissues is probably common in falciparum malaria; thus,
pulmonary edema will occur more readily than in healthy lungs.

Since fluid restriction is important In falciparum malaria, the indications for intravenous therapy need to
be clearly defined. Inadequate oral Intake is obviously an indication. As a minimum, Intravenous fluids
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are neeJde to prevent o0lgurla (urine output less tlha 400 m* daily) end as a vehiclo when Intravenous
quinine therapy Is needed.

Some cases of pulmonary edema or acute pulmonary Insufficiency in falciparum malaria are probably due
to the disease and are not related to therapy. Deaton reported two patients In whom respiratory
symptoms occurred before treatment (11). Fluid balance was negative in one patient and slightly positive
in the other.

There is evidence for several pulmonary lesions In falciparum malaria (Table 5). Non-fatal bronchitis or

pneumonia is often mentioned in the older literature (20, 21). ClInicaily diagnosed pulmonary edema, which

can resolve with therapy, has been discussed in this paper. Pulmonary edema is a terminal event detected
at autopsy in some patients dying of cerebral malaria or other complications of the disease (22).

Most patients with malaria are admitted to remote hospitals. We found in a remote hospital (without
facilities for CVP and detailed body weights and urine outputs) that the restriction of fluid intake greatly
reduced the incidence of pulmonary edema. This finding is especially applicable to other remote hospitals
where fluid intake can be regulated but CVP, body weight and urine output cannot always be determined.

CONCLUSIONS: Pulmonary edema in falciparum malaria may be caused by excessive fluid intake. The
present study has shown that the incidence of pulmonary edema can be greatly reduced if fluid input is
restricted. One thousand five hundred milliliters of fluid daily (including blood transfusions) or 500 ml

every eight hours is the maximum safe intake in full-sized adults. in smaller adults (e.g. many Thais),

1,000 mi is the optimum daily intake. Children should receive proportionately smaller volumes. A positive

fluid balance should be avoided If urine output is adequate (e.g., about 1,000 ml urine daily in adults).

it is wise to avoid intravenous therapy at night when nursing supervision may be limited.

if pulmonary edema occurs, diuretic therapy is logical s e.g., furosemide by slow intravenous injection.

Quinine therapy must also be restricted to prevent toxicity and 1,000 mg daily (two doses) is usually
sufficient in adults.
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Table 1. Patients with Falciparum Malaria and Coma. Development of Pulmonary Edema
Attributed to intravenous Overhydration

Patient Age Maximum Volume infused (ml)1tnA Asexual
Parasite Count 6-2 Total

Number (years) (per cu.mm.) 8-16 rs. 16-24 rs. 0-24 rs.

1 20 317800 1450 0 1000 2450

2* 30 94600 2000 0 1000 3000

3 30 639600 1650 350 1000 3000

4 16 96500 1500 0 500 2000

5* 22 777600 1000 500 500 2000

6*18 103600 3000 1000 500 4500

Average 23 338300 1767 300 750 2825

Fatal cases
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Toble 2. Patients with Falclparum Malaria and Coma. Absence of Pulmonary Edema
Attributed to Optimal Intravenous Hydrotion

Patient Age Maximum Volume Infused (ml)
Asexual

Parasite Co unt Total
Number (years) (perast Cum 0-8 Hrs. i 16-84 Hrs. 0-22 Mrs.(per cu.mm.) i0-24 Hrs.

7 35 719800 1000 0 1000 2000

8 16 6300 900 100 0 1000

9 30 307600 630 370 500 I 1500

10* 45 131200 500 500 500 1500

11 24 772600 500 500 500 1500

12 26 10800 500 0 500 1000

13 42 836200 500 0 500 1000

14 14 12800 350 460 0 810

15 53 2000 500 0 250 750

16 14 72300 250 0 500 750

Average 30 287200 563"* 193 425 1181**

* Fatal case

* Significantly less (p<0.01) than the input in the patients who developed pulmonary edema
(See Table 1).

Table 3. Patients with Falciparum Malaria, Coma and Pulmonary Edema
Intravenous Quinine Dosage First 24 Hours

Patient Quinine Infused (mg)

Total Comment
Number 0-8 Hrs. 8-16 Hrs. 16-24 Hrs. 0-24 Hrs.

1 1000 0 500 1500

2 Mostly chloroquine therapy

3 850 150 500 1500

4 1000 0 500 1500

5 1000 0 500. 1500

6 1 1 (500) 1 Treatment before admission

Average 96ý 37 500 1500
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Table 4. Patients with Falciporum Malaria and Coma but without Pulmonary Edema
Quinine Dosage First 24 Hlours

Patient Quinine Infused (ug)

Number 0-8 Hrs. 8-16 Hrs. 16-24 Hrs. Total Comment

1 f0-24 Hrs.

7 500 0 500 1000*

8 950 50 0 1000*

9 650 350 500 1500

10 500 0 750 1250 Died

11 500 500 500 1500 Quinine toxicity

12 500 0 500 100.*

13 500 0 500 1000 Quinine toxicity

14 350 450 0 600*

15 500 0 i 250 750*

16 500 0 250 750*

Average 545 135 375 1055

* M~dest amounts of quinine and Intravenous fluids were associated with an optimal clinical

response in these patients.

Table 5. Pulmonary Lesions in Falciparum Malaria

Lesion Causation Comment

1. Pneumonitis Disease Non-fatal

2. Bronchitis Disease Non-fatal

3. Pulmonary edema Therapy Fatal or reversible

4. Pulmonary edema or Disease Fatal (diagnosed before death)
"acute pulmonary Insufficiency"

5. Pulmonary edema Disease Autopsy finding
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Jvaudlee ID acplparum Malerla

Principal Investigators: Anthony P. Hall, COL, MC
Robert J. Schneider, CPT, MSC
Ampon Nanakorn
Henry J. West, SFC

OBJECTIVE: a) To determine whether a correlation exists between the total serum bilirubin and the
parasite count, and b) to dett.mine if serum bilirubin correlates with certain other parameters in falclparum
malaria.

DESCRIPTION: Published reports of the prevalence of Jaundice in falciparum malaria have varied from
one per cent to 72 per cent in a group of 46 fatal cases In Africa. Jaundice was a common feature in
therapeutic malaria; e.g., in one series of 400 syphilitics inoculated with malaria, six per cent developed
Jaundice (1). Apart from laundice, abnormality of hepatic function In falciparum malaria Is common (2).
Hepatomegaly can be demonstrated during an 3cute attack In approximately half the cases of malaria (3);
following recovery, the liver returns to its normal size within a few days.

DESCRIPTION: This study was conducted at the Trod Provincial Hospital in Southeast Thailand. Between
11 January 1973 and 21 July 1974 a malaria clinic was operated daily from 8 AM to 9 AM. Patients
were self-referred or referred by the hospital doctors. Of 11,241 patients who were screened 4,824 had
falciparum maluria and 929 had vivax malaria. The present survey was conducted on all adult (over age
15) patients with malaria seen in the clinic during a 40 day interval. For each patient with malaria,
venous blood was used to determine parasite density (except for those with vivax malaria) by the method
of Earle and Perez, and the packed cell volume (hematocrit) using a microcapillary centrifuge. On each
serum the bllirubin, creatinine, SGPT, and alkaline phosphatase concentrations were measured using an
Auto-Analyzer.

PROGRESS: Slight increases in total serum billrubin (to between 1-2 mg per cent) occurred In 55 par
cent of the patients with falciparum and 42 per cent of the patients with vivax malaria (Table 1).
Ho-wever, if jaundice is defined as a total serum bilirubin over 2.0 mg per cent, then it did not occur in
any of the 24 patients with vivax, malaria. Clinical Jaundice is rarely reported in vivax malaria. Of the
236 patients with falciparum malaria and an average parasite count of 26,000 per cu.mm., 19 per cent
had Jaundice. Depth of jaundice (as defined above) correlated (r=0.35, p<0.01 ) with the parasite
count (Table 2), as it occurred in only 5 per cent of the patients with a parasite density below 1,000
per cu.mm. but in 45 per cent of those with a count over 100,000 (Table 1 ).

The serum billrubin correlated positively with serum alkaline phosphatase, SGPT, serum creatinine, parasite
density and negatively with the packed cell volume. The serum alkaline phosphatase correlated with SGPT,
serum billrubin and parasite density. The SGPT only correlated with serum alkaline phosphatase and serum
bilirubin.

in most patients recovery from Jaundice was rapid and coincided with successful treatment with quinine of
the falciparum malaria. For example, in one patient the total serum bilirubin was 8.0 mg per cent on
admission but had decreased to 0.9 mg per cent five days later. The severity of malaria tended to be
less in the older, patients as. shown by the negative correlation between age and parasite count (r = -0.19,
p <0.05 ).

There was an Inverse correlation between the total serum bilirubin and the hematocrit (r -0.295, p<
0.01 ); however, not all of the jaundiced patients were anemic. Anemia was more common in the seriously
ill patients; as the hematocrit correlated Inversely with the parasite count (r 0.322, p<0.001 ).

234



DISCUSSION: There have been few studies using the direct (and accurate) method for counting malaria
pirasites in patients with naturally acquired falciparum malaria. Thus, it is not surprising that this is the
first study to show a correlation between the parasite count and the total serum bilirubin. This supports
the strong clinical impression that jaundice is more common in patients seriously III with falciparum malaria.

We found a correlation between anemia and jaundice which confirms that hemolysis Is one factor in the
etiology of jaundice in malaria. The serum bilirubin also correlated with the other Indices of hepatic
function (SGPT and alkaline phosphatase) which suggests that the laundice is at leas! ,'artly due to liver
damage. Thus, the production of excess bilirubin Is the result of excessive hemolysis but the failure of
its removal from the blood may be due to liver damage (4). Besides the SGPT and the alkaline
phosphatase, the serum bilirubin also correlated with the serum creatinine, the parasite count, and the
packed cell volume. Thus, the serum bilirubin seems to be the most useful Index of hepatic function in
falciparum malaria, and is also a useful guideline to estimate the severity of the disease.

Table 1. Total Serum Bilirubin (mg per cent) vs Parasite
Count in 236 Patients with Falciparum Malaria*

Falciparum
Range of Patients with Patients with Mean

Parasite Count Bilirubin Bilirubin Biliwubin Range
(per cu. mm.) > 1.0 mgo >2.0 mg% (± SEM)*

0-99 24% ( 4/17) 6% (1/17) 0.90 ±0.14 0.4-2.9

100-999 381% ( B/21) 5% (1/21) 0.93 + 0.10 0.3-2.1

1000-9999 47% 131/66) 17% (11/66) 1.27 -0.10 0.4-4.9

10000-99999 59% (60/101) 17% (17/101) 1.61 -+-0.17 0.5-12.0

100000+ 87g (27/31) 45% (14/31) 3.56 0.84 0.4-20.6

Average 26000 55z (130/236) 19% (44/236)

Patients with 42% (10/24) 0% ( 0/24) 0.99 0.06 0.4-1.7
Vivax Malaria

* includes data on 24 patients with vivax malaria

** Standard error of the mean

Ross (5) reported that quinine therapy sometimes induced an Increase in the serum bilirubin level. But
we found that reduction of the parasite density by quinine Is usually associated with a rapid reduction in
the serum bilirubin concentration.

We did not find jaundice in our 24 patients with vivax malaria (nor in others that we have studied),
although jaundice in vivax malaria has been reported by some workers. it is probably rare in pure infec.
tions with P. vivax; this indicates the importance of accurate species identification.

SUMMARY: Jaundice (defined as a total serum bilirubin over 2 mg per cent) occurred In 19 per cent
(44/236) of a group of patients with falciparum malaria and an average parasite density of 26,000
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asexual parasites pot cu.mm. The serum billrubie correlated positively with the parasite density (p<0.81)
and Inversely with the pocked Coll volume (p<O.01); this confirms that the joundice is at least partly
due to hemolysis. The serum billrubln also correlated positively with the SGPT aid the serum alkalime
phosphatase levels, which Indicates that hepatic damage also contributes to the jaundice. The prevalence
of laundice varied from 6 per cent in patients with a parasite count less than 1,000 per cu.mm. to 45 per
cent In patients with a parasite count over 100,000. Jaundice was not present in any of 24 patients

with vivax malaria.
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Table 2. Intercorrelations of Seven Parameters in 236 Patients with Falciparum Malaria*

Parasite Hematocrit Bilirubin SGPT Alk Phos CreatinineParameters Age Count G T 'I

Age 1.0 -0.19 0.157 0.008 -0.044 -0.032 0.03

Parasite 1.0 -0.322 0.352 0.151 0.230 0.205

Count

Hematocrit 1.0 -0.295 -0.007 -0.169 -0.158

Bilirubin 1.0 0.351 0.274 0.226

SGPT 0.340 0.094

Alk Phos 1.0 0.052

Creatinlne 1.0

* with n=236 the following values of r are associated with the listed probability levels:

r p

>0.296 <0.001
> 0.225 <0.01
>0.18 <0.05
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Anemia in Malaria and the Role of Blood Trassfuslee

Principal Investigators a Anthony P. Hell, COL, MC
Edward 8. Ooberstyn, MAJ, MC
Panya Sonkom, M.D.'

OBJECTIVE: To determine the prevalence of anemia it falciparum ced vivox malaria. To determine the
rate of recovery from anemia in both diseases. To determine the role of blood traesfusion (if any) in
the management of the anemia.

BACKGROUND. There is little Information on the prevalence of anemia In malaria. Anemia is a well-
known complication of falciparum malaria but is less commonly a problem in vivax malaria. Comparative
studies on the rate of recovery from anemia in falciparum and vivax malaria are not available. Most
standard sources recommend blood transfusions as part of the general therapy for the hemolytic problem
(2, 3). References, however, are extremely vague, and give no data on the results of blood transfusion.

DESCRIPTION: Anemia In this study is defined as a hematocrit (packed cell volume) below 35 per cent.
Hematocrits have been determined on s1. eral hundred patients with falciparum malaria over the last few
years. The hematocrit and other parc .jeers were correlated in 236 unselected patients with falciparum
malaria. Some data is also available on a small group of patients with vivax malaria. Doily hemotacrits
in hospital and weekly hematocrits during follow-up have been taken on the SEATO ward at Prachinburi
Hospital since February 1975.

PROGRESS: in an unselected series of 142 patients with falcIparum malaria, 63 (44 per cent) developed
a hematocrit below 35 per cent during their hospital course and could therefore be considered to have
developed anemia. Data on a much larger group of patients is being analyzed.

In a study of jaundice in falciparum malaria described elsewhere, two relevant correlations were discovered.
The hematocrit correlated negatively with the parasite count (r =.-0.32, p <0.001); In other words,
anemia is more common in patients with higher parasite counts. Also, the homatocrlt correlated negatively
with the total serum bilirubin (r=-0.29, p <0.01) which indicates that anemia is more common in falcipa.
rum patients who are jaundiced.

Clinically the anemia of falciparum malaria improves steadily once the Infection has been brought under
control. The data in Figure I support this Impression. Depicted are serial hematocrits on three patients
who developed a worsening anemia after admission. When the malaria was successfully treated with
quinine, the hematocrit steadily increased without blood transfusion or hematinics. These results are typical
of most falciparum patients with anemia that we have studied.

Altogether five patients with severe anemia (defined as a hematocrit below 15 per cent) have been success.
fully managed without blood transfusion. One interesting patient is shown In Figure 2. This five year old
boy was admitted almost in coma and with a parasite count of 41,000 per cu.mm. The patient weighed
15 Kg. He received six doses of intravenous quinine at the rate of two infusions daily administered in a
total of 500 ml fluid daily. The porasitemia cleared in 64 hours but the patient remained in coma for five
days. On day 6 the patient was conscious but very weak. The hematocrit had decreased from 19 to 12
per cent. A 300 ml blood transfusion was given and the hematocrit Increased to 19 per cent. On the
following day a second transfusion of 200 ml was given and the hematocrit increased further to 23 per
cent. A dose of pyrimethamine with sulfadoxine (one tablet) was given and the patient made a steady
recovery.

1 Trod Provincial Hospital
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DISCUSSION: Our preliminary results Indicate that about 45 per cent of Thai patients with falciparcm
malaria develop anemia (defined as a lowest recorded hematocrit below 35 per cent). in one small study
of U.S. troops with falciparum malaria in Vietnam, 22 per cent had anemia by this criterion, in another
group of 50 U.S. troops, 58 per cent had a hematocrit less than 38 per cent.

Hemolysis is the principal cause of anemia in falciparum malaria but Impairment of red cell production may
also occur. The question arises as to what extent the anemia in folciparum malaria is due to background
malnutrition or iron deficiency rather than to the disease Itself. Our studies suggest that this is a minor
factor. Anemia has not been a problem in the convalescence of our patients. The data in Figure 1 is
typical in that it shows an increase In the hematocrit once the maluria is brought under control. Slightly
low levels of the hematocrit (around 35 per cent) do persist in some patients in convalescence. We are
now studying the effect of iron therapy in patients whose hematocrits have stabilized in convalescence.
The probable answer is that anemia in falciparum malaria is mainly due to the disease but in some patients
malnutrition, iron deficiency or helminthlosis are minor factors.

The role of blood transfusion (if any) in falciparum anemia needs to be clearly defined. Blood transfusion
is recommended by some authorities (2), and indeed Manson (3) implies that transfusion should be considered
if the hematocrit falls below 30 per cent. We agree with Canfield (1) who asserts that blood transfusion
is rarely required. In patients that we have observed, blood transfusion often results in pulmonary edema.
Another sequel of transfusion is severe hemoglobinurla which obviously is due to hemolysis of the transfused
cells, In this situation the transfusion has obviously been unsuccessful since the hematocrit does not rise.
There are several problems with transfusing blood in hospitals in remote malarlous areas. The donor blood
may contain malaria parasites. Also it may be difficult to cross-match the blood as precisely as in more
sophisticated hospitals in non-endemic areas. It is probably true that red cells transfused during the
acute phase of the disease are more likely to be heinolyzed than during convalescence. This concept is
supported by the patient depicted in Figure 2; after the parasitemia had been eliminated by quinine;
blood transfusion caused a satisfactory increase in the hematocrit. Our largely anecdotal evidence suggests
that blood transfusion is rarely indicated in faiciparum malaria. A protocol of a controlled study of blood
transfusion in falciparum anemia has been submitted to the Ministry of Health of Thailand. Patients who
develop a hematocrit between 12 and 20 per cent will be randomly assigned to blood transfusion or
conservative management. All patients will receive quinine therapy by intermittent Intravenous infusions.
Patients with hematocrits below 12 per cent will be treated according to the clinical picture and patients
with a hematocrit above 20 per cent will usually be treated conservatively. The patients will be closely
followed clinically and detailed relevant hematologic and biochemical tests will be performed.
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Quinine Dosage and Serum Levels In roleliprm Malaria

Principal Investigators: Anthony P. Hall, COL, MC
Suvath Hanchalay, IA
Edward B. Doberstyn, MAJ, MC
Sumroeng Bumnetphund

BACKGROUND: The World Health Organization has emphasized the need for studying the pharmacology
of antimalarial drugs in patients with falciparum malaria (I). Qvinina is the only rapidly acting drug for
chloroquine-resistant falciparum malaria. In healthy volunteers, quinine by Intravenous Infusion produced
higher plasma quinine levels than did oral quisine (2).

We compared the serum concentrations of quinine following a single dose of one of the three modes of
administration, (intravenous infusion, intramuscular injection and tablets) In patients with falciparum malaria,
since no Information was available on this sublect. Serum quinine levels were elso determined following
repeated administration of the drug at V6 or 12 hour Intervals, to determine the optimum dosage interval.

DESCRIPTION : Patients at Trod Provincial Hospital with falc;porum malaria comprised the study group.
Trod is in a remote area of Thailand 400 km from Bangkok. Quantitative parasite counts on thick blood
films were made at least once daily (3).

Serum quinine levels were determined in 73 people following a single dose of the drug; sera were
collected before dosing and usually 1, 2, 4 and 8 hours after the oral or Intramuscular dose or after the
beginning of an Infusion. Twelve and 24 hour specimens were collected in a few patients. Thirteen
patients were excluded from analysis because quinine was detected in the serum on admission. Sera could
not be collected after 10 PM, so complete 1-8 hour data were only available on 35 patients. For
technical reasons, urine could not be collected. The patients were randomly assigned to one of five dose
regimens: two intravenous (two or four hour infusion), two oral (coated or plain tablets) and one
intramuscular. The patients in each group were comparable with respect to age (overall mean 23.7 years)
and weight (overall mean 51.8 kg).

Intravenous Infusions (IVQ) consisted of 490 mg base (2 ml) of quinine dihydrochloride (The Vitarlne
Company, Now York) injected into an infusion bottle containing 500 ml normal saline. The bottles were
infused over a two or four hour interval. All were calibrated and the rate of flow was checked frequently
to maintain a constant infusion rate of 125 ml or 250 ml each hour.

The enteric coated tablets of quinine sulfate (Strong Cobb Arner, Cleveland) contained 270 mg quinine
base. The usual dose was 540 mg. The plain uncoated tablets (Government Pharmaceutical Organization,
Bangkok) contained 250 mg base. The usual dose was 500 mg.

Intramuscular quinine (IMQ) was administered as quinine dihydrochloride (same preparation as used for
intravenous therapy) in a dose of 490 mg quinine base (2 ml). The injections were made deeply in the
upper and outer quadrant of the buttock.

Serum quinine levels following multiple dosing of the drug were determined In 31 patients (16 of whom
had been studied following the initial dose). Nineteen patients received quinine at full dosage every 8
hours and 10 patients every 12 hours. Two patients received half-dosage quinine every I hours. With
very few exceptions, all doses following the initial dose were oral. In multiple dose studies sera were
collected at the time of dosing and at other times (e.g. 1, 2, 4, 8 and 12 hours after a dose). Serum
quinine concentrations were determined by the benzene extraction method (4). Measurements wore
performed using an Aminco-Bowman spectrophotofluorometer (350 mp. activation; 450 mpu. fluorescence).
The porenteral and oral formulations of quinine were assayed and found to contain the designated amount
of quinine base (± 2 percent).
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The half-life (TI2) of quinine was determined by plottilg the serum concentretions of quinine against
time on semi-logarithmic paper. Data from the single-dose studies were compared v$10g analysis of
variance. Following the overall analysis of variance, Individual F tests were conducted to determine the
location of mean differences (5, 6).

Single Dose: Complete data (serum levels at 1, 2, A and 8 hours after the dose) were available on 35
patients. There were seven patients In each of the five treatment groups. The mean serum quinine
concentrations for each group are shown in Table 1. The analysis of variance Indicated significant
differences between the modes of administration and between the hours of sampling (Tables 2 and 3).
One hour after initiation of the dose, the two hour Infusion produced a significantly greater serum quinine
concentration than did intramuscular quinine (p<0.01) which produced a significantly greater level than
plain tablets (p <0.01 ). Four hours after Initiation of the dose the four hour Infusion produced a greater
serum level than coated tablets (p<0.05). At eight hours, coated tablets produced a higher level than
the intramuscular inlection (p<0.05). The serum quinine concentrations following Intravenous or oral
administration were not significantly different at eight hours (Figure 1 ).

Serum quinine levels were not available at 12 hours for all 35 patients: the data were pooled (Figure 1).
It is noteworthy that the serum quinine concentration 12 hours after dosing was about 6 mg per L following
either intravenous or oral therapy.

Details on each of the regimens are now given.

Two Hour Infusion: initially 10 men received a two hour infusion. Quinine was detected by later testing
in the admission serum of three of these men, two of whom developed severe cinchonism (quinine toxicity)
at the end of the infusion. Seven men had no quinine in the serum on admission and the average results
on those patients were used in the analysis (Table 1). One and two hours after the beginning of the
Infusion, greater serum quinine levels occurred than with any other regimen. Thereafter the results were
similar to those obtained with the four hour infusion. In one patient the serum quinine peaked at 10.8
mg per L at two hours and decreased slowly to 5.7 mg per L at 22 hours. This data suggests a half-life
(T/2) of 21 hours. The clinical response (e.g. fever, parasitemia) to the two hour infusion was excellent;
however, cinchonism was more common than with any other regimen.

Four Hour Infusion: Greater serum quinine concentrations were achieved with the four hour infusion than
with oral or Intramuscular quinine. in most patients the clinical response was excellent.

One patient, who was Jaundiced, became aphasic during the Infusion and was struggling and comatose at
the end, at which time the serum quinine level was 8.8 mg per L. Sixteen hours later he could speak and
since no further therapy had been given, a second quinine infusion was begun. During the second infusion
he again became aphasic. The patient then received a single dose of pyrimethomine with sulfadoxine
(Fansidar) and made a steady recovery. Neurotoxic hypersensitivity to quinine was diagnosed. in the
other patients, the four hour Infusion caused minimal side-effects.

Coated Tablets: The mean serum concentration of quinine one hour after the dose was only 0.8 mg per L.
A peak serum quinine level of 7.6 mg per L occurred at four hours.

The clinical response was unsatisfactory in one patient; four hours after dosing his serum quinine was 6.1
mg per L. lie complained of weakness, dizziness, cough and abdominal pain. Throe episodes of diarrhea
had occurred since admission. The patient Improved after 250 mg quinine was Infused, although further
serum quinine levels were not obtained. One patient developed urticaria on the face and chest four
hours after dosing that persisted for several hours and was attributed to the quinine. Mild cinchonism
occurred in several patients.

Plain Tablets: The mean serum quinine levels after plain tablets were higher than after coated tablets ot
one and two hours but loww at four and eight hours. With seven patients in each group the one hour
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data were not significantly different (Table 1 ). One hour data was available on several other patients
not included in the group of 35, becaiuse not all 2-8 hour specimens had been obtained. In a total of
12 patients who received coated tablets, the mean one hour level was 0.7 mg per L. In 12 patients who
received plain tablets, the mean level was 2.7 mg per L. The difference is significant (t=2.5, p<0.05).

In oria patient ths clinical response was unsatisfactory. Coma supervened two hours after therapy when
the serum quinine level was only 0.4 mg per L. Thereafter the absorption of quinine was much Improved
(serum quinine level at four hours was 10.6 mg per L). The plain tablets often caused mild cinchonism
but no serious toxicity was encountered.

Intramuscular Iniection (IMQ): The serum concentration-time curve following Intramuscular quinine was
flat and did not rise appreciably above 6 mg per L.

One patient had a poor clinical response. Following the injection at 1100 hours, his parasite count
Increased from 12,000 to 217,000 per cu.mm. at 1700 hours. His serum quinine concentration was then
only 3.1 mg per L. Intravenous quinine was then infused with a satisfactory response.

Multiple Dose Studies: Eighty percent (16/19) of the patients who received quinine at eight hour intervals
developed some degree of cinchonism and in most patients this was associated with serum quinine concen.
trations assumed to be in the toxic range (over 10 mg per L). Only 30 percent (3/10) of the patients
on 12 hour dosing developed cinchonism. The difference is significant (Chi square=6.9, p<0.01).

An example of overdosage with quinine given every S hours Is shown in Figure 2. Early in therapy a
high fever was associated with a raised serum bilirubin and a very high concentration of serum quinine
(17.1 mg per L). improvement was associated with a decrease in fever and bilirubln.

An example of an optimum response to quinine given every 12 hours is depicted in Figure 3. Clinical
Improvement was associated with a decrease in serum billrubin and in serum quinine despite constant
therapy. The approximate half-life (T12) decreased from 21 to 14 to 12 hours during therapy.

On the other hand, in two other patients, therapeutic concentrations of serum quinine were maintained
with a half-dose (one tablet) given every 8 hours.

The average half-life of quinine in falciparum malaria, derived from all available data on 17 patients
was 18.8 hours (range 12-31).

DISCUSSION: The serum concentrations of quinine following oral therapy were low in relation to those
following Intravenous therapy for the first four hours after dosing. Thereafter the serum levels were the
same. These data confirm the clinical impression that the Intravenous route is more effective than the
oral route for at least the first dose of quinine In falciparum malaria. Plain tablets produced significantly
greater serum concentrations than coated tablets one hour after dosing. If the first dose has to be oral
then plain are preferable to coated tablets. There was no evidence that cinchonism was less common in
the patients who received coated rather than plain tablets.

Intramuscular quinine produced a significantly higher one hour serum quinine concentration than did oral
quinine, and might occasionally be preferable to oral quinine for the first dose in situations where
intravenous infusions are not available. However we have seen several patients in whom IMQ was clearly
less effective than IVQ. The average serum quinine level following IMQ barely rose above 6 mg per I.
in distinction to the other modes of administration. The conclusions are that, in this study, 6 to 10 mg
per L was the usual therapeutic range for quinine and that IMQ did not always produce sufficiently high
levels. The bloavailability of quinine was least by the intramuscular route, a situation analogous to
that for digoxin (7) and diphenylhydantoin (8). One dose of IMG may be satisfactory in mild cases
of falciparum malaria but repeated dosing Is not indicated because gluteal abscesses may be produced (9).
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Intravenous infusions, either of two or four hours duration, produced serum quinine coacentrations above

6 mg per L from the first hour onwards. The two hour infusions naturally produced higher levels but also

more frequently caused toxicity. A two hour Infusion can be considered for the initial dose but not for
maintenance therapy. In two patients with quinine in the serum on admission, the two hour Infusion
produced very high serum quinine levels with toxicity. We have given IVQ with infusion times from 1 to
16 hours (10, 11). Lengthy infusions can cause arm discomfort and be inconvenient for the patient. The
four hour infusion Is the optimum form for quinine administration since therapeutic but not toxic levels of
serum quinine are usually produced.

in this study the average half-life (T/2) of quinine was 19 hours in falciparum malaria which compares
with the T/2 of 10 hours in healthy volunteers that can be deduced from another study (2). The T/2 of
quinine is greater in volunteers with falciparum malaria than in the same volunteers without malaria (12).
Thus In faiciparum malaria the metabolism of quinine may be impaired presumbly due to liver dysfunction
since quinine is mainly metabolized In that organ (13). Conversely quinine (2) or, its optical isomer,
quinidine (14), can cause liver damage. A vicious cycle may occurs if a patient with foiciparum malaria
has hepatitis, the half-life of quinine is prolonged; thus routine doses of quinine may result In toxic levels

of serum quinine; the latter may result in greater damage to the liver; the metabolism of quinine Is thus
further impaired; consequently even greater levels of serum quinine result.

Therefore, in most patients with faiciparum malaria, lower or less frequent doses of quinine should produce
the same serum quinine as higher doses in healthy patients. Our data confirm this theory. in many
patients, maintenance therapy with full doses of quinine every 8 hours produced toxicity and high serum
quinine levels, whereas quinine every 12 hours produced a satisfactory clinical response and therapeutic
levels. This is not surprising since the overage serum quinine level was still about 6 mg per L 12 hours
after the initial dose of oral or Intravenous quinine. On the other hand, therapeutic concentrations of
serum quinine can be maintained with a half-dose (one tablet) given every 8 hours. Dosing every
12 hours might produce greater fluctuations of serum quinine concentration than will dosing every 8 hours;
however, it Is not known whether fluctuation or constancy In the serum quinine level is more effective.
in tropical practice, drugs are usually given three times a day (e.g. 0800, 1200 and 1700 hours) rather
than every 8 hours, so administration every 12 hours is easier to accomplish.

in several patients, high serum quinine levels occurred early in therapy, but despite constant maintenance
therapy, a sharp decrease occurred associated with improvement in clinical state, fever and hepatic
function. Other studies have found similar results (15, 16). We attribute the decrease in serum quinine
levels to improved metabolism of quinine consequent upon improvement in hepatic function.

Reduced doses of quinine (e.g. 600 mg base Intravenously daily) must be administered In patients with
falciparum malaria complicated by renal failure (17, 18). In those studies the impairment of quinine

metabolism may have been partly due to concomitant hepatic damage.

Aphasia and coma were caused by quinine in one of our patients of a time when the serum quinine was
only 8.4 mg per L. Coma in falciparum malaria is sometimes caused by quinine rather than by the disease
(i.e. quinine coma). However "It is sometimes difficult to distinguish between true quinine toxicity and
complications of the diseases for which the drug is given" (13).

The WHO recommends 650 mg (540 mg base) three times daily as the standard dose of quinine (i.e. six

tablets daily)(I ). However the labels on the bottles of tablets used in this study recommend three

tablets dally for two days followed by two tablets daily for five days. The difference between six

tablets and 2-3 tablets daily is considerable. The paradox can be explained by the fact that the WHO

recommendation in based upon several studies with Americans In Vietnam whereas the manufacturer's

recommendations probably take into consideration the lower average body weight of people Indigenous jo

the malarlous areas. U.S. soldiers weighing 75 kg usually tolerate about 1500 mg of quinine base per

day (20 mg/kg) but the same dose In 50 kg Thais Is 30 mg/kg.
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Our studies indicate that 20 mg/kg/day is sufficient in the average patient with falciparum malaria.
This is the dose recomnmended by Fletcher (9). On. infusion of 10 mg/kglday is probably the optimum
dose for falciparum patients with severe renal, hepatic or cerebral complications. Thus the more seriously
iII the patient, the lower should be the dose of quinine.

It is of interest that 15 percent of the patients (13/86) in the single dose study had detectable quinine
in the serum on admission. This is an indication of the prevalence of therapy before admission. Quinine
toxicity may be compourded if this possibility is not considered.

SUMMARY: Patients with chloroquine-resistant falciparum malaria were studied. In 35 patients serum
quinine concentrations were ditermined 1, 2, 4 and 8 hours after the Initial dose of quinine or after the
beginning of an infusion. The patients were randomly assigned to one of five dose regimens: two hour
intravenous infusion, four hour intravenous infusion, coated tablets, plain tablets and intramuscular
inlection.

intravenous quinine was better absorbed than oral quinine from one to four hours but the serum levels
were not significantly different at eight hours. A four hour Infusion Is the optimum method of administering
the first dose of quinine. Intramuscular quinine produced a significantly greater serum quinine level than
oral quinine at one hour but a significantly lower level at eight hours. Further patients were studied and
it was shown that plain tablets produced a significantly greater mean serum quinine concentration than
coated tablets one hour after dosing.

In Thai patients (average weight 50 kg), full dose quinine (540 mg base) every 8 hours often produced
toxic serum concentrations, whereas dosing every 12 hours was optimal therapy but still produced cinchonism
in 30% of patients.
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Table 1. Serum Quinine Concentrations (mg/L) Following Intravenous Infusion, Oral or
Intramuscular Administration

Intravenous Intravenous Oral Oral Intramuscular
490 mg/2 Hrs 490 mogd Hrs 540 mg/Coated 500 mg/Plain 490 mg

Hour -_
No. Mean No. Mean No. Mean No. Mean No. Mean

No. SEM o ±SEM No. SEM No - SEM N ± SEM

0 7 0 7 0 7 0 7 0 7 0

1 7 8.7±1.1 7 6.0-0.6 7 0.8-0.4 7 2.6 ±-0.9 7 5.5±0.9

2 7 10.7 L 1.2 7 7.7 ±0.6 7 5.1 ± 1.4 7 5.3-0.8 7 6.1-0.9

4 7 9.4 ±1.0 7 9.8 _0.9 7 7.6± 1.1 7 7.0 0.6 7 6.1 ±0.9

8 7 8.3 ±0.9 7 7.6 0.9 7 7.3 1.0 7 6.8 0.8 7 5.3 0.8

12 6 7.2 1.0 5 5.2 0.7 2 7.2 1.9 2 3.7 2.1 2 3.4 1.1

Table 2. Analysis of Variance (Hours 0 to 8)

Source of Sums of Degrees of Mean
Variance Squares Freedom Square p

Hours 199.5 3 66.5 23.3 <0.001

Error 68.4 24 2.65

Mode of Administration 351.9 4 87.9 13.3 <0.001

Hours x Mode 171.1 12 14.3 2.2 NotSignificant

Error 634.9 96 6.6
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Table 3. Statistical Significance of Mean Values of Clinical Importance

Mode* Hour" F p

IVQ 2 v IMQ 1 5.4 < 0.01

IMQ v Oral (Plain) 1 4.5 < 0.01

Oral (Plain) v Oral (Coated) 1 1.7 Not Significant

IVQ 4 v Oral (Coated) 4 2.6 < 0.05

IVQ 2 v Oral (Plain) 8 1.2 Not Significant

Oral (Coated) v IMQ 8 2.1 < 0.05

* IVQ 2 = Quinine infused in 2 hours

IVQ 4 = Quinine infused in 4 hours
IMO = Intramuscular quinine

* Hour refers to number of hours elapsed since treatment begun
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Figure!1. Mean serum quinine concentrations following a single dose of quinine using 5 dif-

ferent modes of administration. There were 7 patients in each group. Complete
data are not available at 12 hours.
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Figure 3. Clinical improvement and satisfactory serum quinine concentrations associated
with 540 mg quinine every 12 hours. A decrease in the approximate half-life
(T"/2) of quinine was associated with decrease in total serum bilirubin.
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Evaluation of a Direct Counting Technique for Malaria in Thailand

Principal Investigators: Anthony P. Hall, COL, MC
Henry J. West, Jr., SFC
Ampon Nanakorn, MT

OBJECTIVE: To evaluate a direct quantitative technique for the determination of parasite densities in
malaria in rural hospitals in Thailand.

BACKGROUND: Various methods have been used for the direct quantification of malaria parasites but
none has been widely used in tropical countries. The technique discussed In this report was introduced by
Earle and Perez in 1932.

DESCRIPTION: A measured volume of blood (e.g. 0.005 ml) is spread evenly on a measured rectangle(e.g. 3 x 15 mm) on a slide. Thus the thickness of the film is known (0.11 mm). A grid is placed in one
eyepiece of a binocular microscope and calibrated with a stage micrometer. Thus the volume of bloodseen under one grid is known. For example, in the SEATO studies, about 1800 grids correspond to I cu.mm. of blood. Two types of staining are used. For outpatient screening 0.002 ml of blood are placedin the rectangle and stained with concentrated Giemsa (1:5 dilution) for five minutes. In patients admitted
to the ward, 0.005 ml of blood are used and the thick film is stained with dilute Giemsa (1 50 dilution)
for 30 minutes. Two rectangular thick films are prepared on inpatient slides. A circular thick film and a
thin film are also prepared on all patients.

in this study the technicians were observed performing the parasite counts. There were five technicians onthe study team. A stop watch was used to time the duration of the count. The following data wererecorded for each determination of the parasite density. The name of the technician, the microscope used,the number of fields counted, the actual count obtained, the count per cu.mm. and the time elapsed in
performing the count. A hand calculator was used for determining the parasite densities.

PROGRESS: The first factor assessed was the variability among technicians. Numerous duplicate counts oncoded slides were performed by all the technicians. One technician counted with an accuracy of 3.4 percent (Table 1) as determined on nine slides. The microscopes used were recalibrated frequently. No
consistent difference in the two microscopes was observed.

The number of fields that need to be counted varies with the parasite count. For example, if the parasite
count is 500,000 per cu.mm. there are about 250 parasites under each grid. The slide is scanned to find
typical concentrations of parasites and with such a high count, a minimum of two fields have to be counted.
At the other end of the scale a count of 500 requires the counting of at least 90 fields. Usually thenumber of fields counted is 2, 20, 90 or a larger number. Except for very low counts, about 200-500parasites are counted. The accuracy of the technique is shown in Table 1. in this experiment the
most accurate count was achieved in the patient with a parasite density of 10,000 (0.4 percentprecision). The technique was less accurate with both high (4.1m precision), and low (11.1% precision)
parasite densities. However the accuracy of the technique was satisfactory through all ranges of the
parasite count. This technician read the nine slides twice in an average of 3.8 minutes per slide (range
2.1 to 6.3 minutes). Numerous other experiments have shown that only about four minutes is needed to
make an accurate count.

SUMMARYS In rural hospitals in Thailand, a direct quantification technique has proved useful and accurate
for the determination of parasite densities iF malaria.
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Table 1. Duplicate Counts an 9 Falciparm Malaria Slides by One Observer
Using The Direct Quantitative Technique

1st (a) 2nd (b) Mean PrecisionSlide €-0 (c-a0*)Reading Reading (c) c-'L"-

1 220220 202748 211484 0736 4.1

2 188188 182364 185276 2912 1.6

3 46592 47593 47092 501 1.1

A 29757 29302 29529 228 0.8

5 10920 10829 10874 46 0.4

6 2020 2220 2120 100 4.7

7 1660 1900 1780 120 6.7

8 400 500 450 50 11.1

9 10 20 - -

Mean 55529 53052 - - 3.4*

* This figure is the reproducibility from the mean or "PRECISION"

and is an index of the accuracy of the technique.
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Treatment of Severe Malaria In Children

Principal Investigators Anthony P. Hall, COL, MC
Edward 8. Doberstyn, MAJ, MC

Associate Investigator Panya Sonkom, M.D.,

OBJECTIVE: To determine the optimum management of severe malaria In children.

BACKGROUND: During 1974 clearcut guidelines were developed ot Trod for the management of severe
malaria in adults. Specifically the maximum safe daily dose of quinine in adults was 20 m/lkg. This
confirms work performed in Malaysia 50 years ago but in the Intervening period 30 mg/Kg has emerged
as the recommended daily dose. Also at Trod in 1974 we determined that the maximum safe daily fluid
intake was 1500 ml in adult patients with falciparum malaria. During this study period, It became apparent
that the mortality rate of severe falciparum malaria in small children was high. The onset of convulsions
is a frequent and grave complication in small children. The management of severe malaria In children has
received little attention in the literature. Another problem is the difficulty often encountered in setting up
or maintaining an intravenous infusion because of the small veins in Infants.

DESCRIPTION: The children described in this study were treated at the Trad Provincial Hospital in South.
east Thailand. They were first evaluated in SEATO outpatient clinic and then admitted to the ward.
Most of the patients were treated between April and July 1974 since there was an unusually high propor.
tion of sick children presenting to the hospital during this Interval. The use of the metering chamber
(capacity 100 ml) was Introduced so that precise volumes could be infused into the children.

PROGRESS: The most difficult problems in management occurred in small children and infants. Children
above the age of 12 years could be treated similarly to adults except the dosage of any medication was
best determined on a mg/kg basis. Therefore only the data on children aged 12 years and less are
Included in Table 1. Most of the children noted in the Table were very seriously ill on admission. it is
difficult to Infuse an effective but not toxic dose of quinine; therefore, details on the amount of quinine
given as the first dose are shown in the Table. The recommended daily dose of quinine is not more than
30 mg/Kg/day or 10 mg/Kg every 8 hours. Most of the children received only one Infusion every 24 hour
interval because of the difficulty in initiating and maintaining infusions.

Early in the study the question arose whether 5 mg/Kg might not be a safer dose of quinine than 10 mg/
Kg in children. However Case No. 630 and Case No. 684 were both admitted gravely ill and died a few
hours after admission. They received smaller doses of quinine (5-6 mg/Kg). Whatever dose of Intravenous
quinine was used, some children improved and others deteriorated; however, in general, 5 mg/Kg appeared
to be a safe and non-toxic dose of quinine. Some Interesting case - histories are now given.

Cases 649-651. These three children, aged eight, five, and three years were siblings admitted at 1500
hours on 18 May 1974. Cases 649 and 651 were alert but toxic. Case No. 650, the three year old girl,
was almost in coma. All three children received half-strength quinine, Le. 0.5 mg/ml normal saline.
Cases 649 and 650 received 5.0 mg/kg over about a four hour Interval and 651 received 4 mg/Kg. All
the patients improved and oral quinine therapy was commenced the next day. Case 649 received one
tablet of quinine at 0600, 1400 and 2100 hours, case 650 received 1/2 tablet crushed in water at 0600
and 1400 hours and case 615 received 1/2 tablet at 0600, 1400 and 2100 hours. All the patients then
received a dose of Fansidar. All three patients were radically cured although two hod a mild P. vivox
infection on day 28. None of these children was desperately ill, but all responded well to a half- dose
of intravenous quinin-

I Trod Provincial Hospital, Thailand
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Case 686. This one year old child was admitted very breathless and crying. His pulse rate was 160 and
respiratory rate 70. The liver and spleen were enlarged and hematocrit 24 per cent. He was drinking
satisfactorily. To avoid pulmonary edema, a small volume (50 ml) containing 50 mg quinine was infused
over a five hour interval. Oral quinine was then administered as a 1/2 tablet crushed in water every 12
hours, for a total of six doses. A 112 tablet of Fansidar was then given. The child made a satisfactory
recovery.

DISCUSSION: Severe falciparum malaria in small children has a serious prognosis. Intravenous quinine
therapy should be administered slowly in small amounts. The appropriate initial dose is usually 5-- 10 mg/
kg administered as an intravenous infusion. Satisfactory results have been achieved by giving maintenance
therapy as oral quinine when the patients condition has improved. In infants, 1/2 tablet plain quinine
crushed in water can easily be administered by the mother every 12 hours under close professional
supervision. Repeated small doses of intravenous quinine should be administered if the child remains
severely Ill.

Table 1. Details of Initial Dose of Quinine in Children Aged 12 Years or Less with Severe Falciparum Malaria

First
Dose

Case Age Weight Parasite Hematocrit Quinine Volume Infusion Initial
Number (yr) (Kg) Count (W) (mg) Infused Time Dose Comment

(ml) (Hours) (mg/kg)

609 7 110 458000 38 180 180 5.0 1 i8 Died

613 9 19 160000 23 180 180 4.5 9.5

630 12 125 334000 16 125 125 2.5 15.0 Died

640 2 10 1200000 11 117 235 12.0 12.0 Died

644 4 14 95000 24 82 165 5.0 6.0

648 11 21 430000 31 100 200 6.0 5.0

649 8 20 333000 33 95 190 4.0 5.0

650 3 11 178000 29 55 110 3.7 5.0

651 5 14 238000 30 55 110 3.7 4.0

660 1.5 8 54000 18 40 80 5.0 5.0

665 2 13 113000 20 45 90 4.0 4.0 Not enough
Quinine

681 11 1 56000 12 350 1 1 1 17 Died

683 4 14 370000 32 150 250 5.0 11

684 1 5 450000 12 31 63 6.0 6.0 Died

685 4 14 210000 26 100 100 3.0 7.0

686 1 8.5 53000 24 50 50 5.0 6.0

F27 5 18 65000 39 180 180 2.0 10.0

F28 11 28 287000 41 210 210 3.0 7.5

F31 8 20 250000 32 180 180 4.3 9.0
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A Study of Faiclperum Malaria is ViShf.

Using Serum Ovinlne Concentrations

Principal Investigators Keith Arnold, M.D.'
Nguyen V.N Dieu, M.D.'
Anthony P. Hall, COL, MC

OBJECTIVE: To obtain further information on the relation between quinine dosage schedules and the serum
level of the drug in patients treated for acute falciparum malaria.

BACKGROUND& Recent work In Thailand has suggested that quinine dosage every 12 hours Is optimal
therapy in falciparum malaria. Therefore this hypothesis was tested t a group 'if Vietnamese patients
with falciparum malaria. The value of using serum quinine concentrations was also Investigated.

DESCRIPTION: The study was performed on patients with malaria admitted to an Infectious diseases word
of a general medical hospital in Salgon, South Vietnam. The patients were self-referred and presented
with "fever" as their main complaint. A positive diagnosis of falciparum malaria was made when the thin
smear on admission showed characteristic appearances of an acute P. folciporum Infection.

Patients studied received an initial 600 mg dose of quinine given IV over a period of four hours In 500 ml
of 5* dextrose in saline. Some patients continued to receive IV quinine at 12 hour Intervals followed
by a single dose of Fansidar (three tablets), while other patients were given oral quinine at 12 hour
intervals followed by a single dose of Fansidar. Blood was drawn and the serum separated for quinine
determinations at 0, 4, 8, 12 and 24 hours following the first quinine dose and also after the last quinine
dose was administered.

The duration of fever and parasitemla were recorded and the severity of the malaria and any side-effects
of the quinine were noted during the course of treatment.

PROGRESS: In November and December 1974, a total of 19 patients were studied. There were 12 male
and 7 female patients with an age range of 13 to 63 years and a mean age of 26 years.

The mean duration of fever was 1.7 days and of parasltemia 3.2 days. The percentage parasite count on
admission ranged from 0.1% to 36.0w. Nine patients had a count of 1.0m or less, three patients were
between 1-3%, and three patients had between 3-6z parasitemia. High parasite counts of 36.0x, 35.0%,
12.86% and 12.06 were found in four patients.

Two patients died. One of these was a 42 year old man who developed tachypnea on the second hospital
day after receiving four doses of IV quinine at 12 hour intervals. He had a potechial rash on his face
and limbs, gum bleeding and coughed up bloody sputum. His lungs were clear on auscultation and he was
not orthopneic. His parasite count was 0.4x. The other patient was a 63 year old man with cerebral
malaria and a parasite count of 35%. He became anuric, failed to respond to fluid loading and mannitol
with furosemide and died before dialysis could be Initiated. He received a single IV dose of 600 mg
quinine in a four hour infusion.

Several patients developed mild nausea and vomiting and two patients developed sinus bradycardia which
returned to normal sinus rhythm on stopping the quinine.

Serum Quinine Levels: Preliminary results are available. Patient No. 1 was aged 13 and weighed 29 Kg.
He received 1200 mg quinine (a double dose) as his first dose. the serum quinine peaked at 18 mg per
L at four hours after dosing and then decreased rapidly with a half-life of about six hours. The patient
received a total of four doses of intravenous quinine every 12 hours followed by a dose of pyrimethoai.ine
with sulfadoxine (Fansidar). Following the last dose of quinine his serum level peaked at 12 mg per cent.
Despite the satisfactory levels of serum quinine obtained, he returned with a positive smear on day 15.

Patient No. 22 was anuric. His serum quinine concentration peaked at 17 mg per L following the first
dose of quinine. Despite the anuria, the serum quinine then decreased rapidly with an approximate half-
life of about eight hours. When the serum quinine levels have been completed, an overall analysis will
be presented.

255



PRINCIPAL INVESTIGATORS

Arnold, K. 255

Bancroft, W.H. 3, 10, 19, 24, 27, 34, 44, 48, 52, 57, 60, 64, 69, 82
Bailey, C.L. 125
Beneuson, M.W. 119
Bhamarapravati, N. 22
Boonthal, P. 105
Bumnetphund, S. 241

Charoendhum, D. 226
Chatrasri, C. 10
ChIewsilp, D. - 44, 48, 52
Chottipitayasuncdh, T. 112
Churdboonchart, V. 22

Doengivang, S. 139, 141
Davidson, D.E. 79, 81, 134, 147
Dill, G.S. 79, 81, 147
Doberstyn, E.B. 125, 186, 168, 199, 206, 213, 219, 237, 241, 253
Duangmani, C. 105, 115

Gould, D.J. 55, 57, 125, 156, 157, 159, 186
Gunakasem, P. 10

Hall, A.P. 186, 168, 191, 199, 206, 213, 219, 224, 226, 234, 237, 241,
251, 253, 255

Hancholay, S. 241
Harrisdongkul, V. 22
Harrison, B.A. 156
Hembree, S.C. 157, 186
Huang, Y.M. 156

Jatanasen, S. 10

Kanvallee, M. 86, 121
Karnchanachetanoe, C. 219, 224
Karwackl J.J. 27
Kirdpol, S. 119

Lamps, R.M. 112, 115, 119, 185, 219
Laixuthal, B. 219
Lawhaswasdi, K. 79, 81
Lexomboon, U. 105

Mansuwan, P. 3, 24, 115, 119
Marshall, J.T. 57, 159, 170
Mettaprokong, V. 213
McClure, H.E. 175

Miller, C.F. 219

Nabnoan, K. 88, 144, 121, 122

Nanakorn, A. 199, 234, 251

Nouen, P. La-or 147
Nimmannitaya, S. 3, 19, 24, 48, 119

Nutkumhang, N. 19

Neoypatim@nondh, 3. 186

256



Pavanand, K. 137
Pearlman, E.J. 69, 179, 165, 161, 191, 219
Peyton, E.L. 156
Phillips, G.D. 100
Phlntuyothin, P. 191, 219
Plavooth, N. 64
Premabutra, S. 147
Price, R.M. 103

Rattanarithikul, R. 156
Reinert, J.F. 156
Rosen, L. 19
Rozmlarek, H. 60
Russell, P.K. 24

Sagartz, J.W. 79
Sboasakdimontri, N. 19, 57
Samransamruajkit, 3. 219
Sangkasuwan, V. 68, 110, 121, 122, 144
Salitula, V. 110
Sawyer, B.E. 69
Segal, H.E. 1in, 191
Schneider, R.J. 39, 154 155, 1M6, 234
Scott, R.M. 3, 19, 24, 27, 39, 44, 48, 52, 55, 57, 64, 69, 62, 154, 155
S1masathein, P. 10
31rivanakarn, 3. 156
Snitbhan, R. 27, 34, 39, 44, 57, 60, 64, 69, 82
Sonkom, P. 199, 206, 212, 224, 226, 237
Spence, M.R. 79, 91, 97, 98, 100, 103, 155
Stutz, D.R. 24, 91, 97, 98, 104, 112, 137, 155
Sunakorn, P. 112
Surlyamongkol, V. 121

Tanskul, P. 159
Tanticharoenyos, P. 134, 167
lhongthal, C. 104
Tingpalapong, M. 60, 147, 164, 167
Top, F. H., Jr. 55

Van Dien, N. 255
Vanapruks, V. 52
Vetvutanapibul, K. 206
Vibulsek, S. 100
Vlthanomsat, S. 19

Watson, W.T. 164, 167
Weaver, R.E. 57, 159
West, N.J. 234, 251
Wilkinson, R.N. 156
Witayarut, C. 168

25 I



PUBLICATIONS OF THE SEATO MEDICAL RESEARCH LABORATORY

Bailey C.L., and Gould, D.J.t A Study of the Flight and Dispersal of Japanese Enceph~alitis Vectors In
In Northern Thailand. Mosq. News, 1975 (submitted).

Bancroft, W.H.: Additional Developments In Study of hepatitis B Antigen Subtypes. Jap. J. Exp. Mod.
(in press).

Bruce, J.l., Ruff, M.D., and Davidson, D.E. : Poragonimus westermoni: Utilization of Carbohydrate by Four

Geographic Strains. S.E. Asian J. Trop. Med. Hyg. 5:s 450, 1974.

Chariyavidhayawat, P. iBreeding Experiments with Taxa of the Genus Mus t MSc Thesis, Kasetiart University,
Bangkok, 1972.

Daengsvang, D. , s Development of Morphological Mature Female Gnathostoma spinigerum In Experimental
White Mice. SE Asian J. Trap. Mod. Pub. H1uh. (In press).

Davidson, D.E., Johnson, D.O., Tanticharoenyos, P., Hickman, R.L., and Kinnamon, D.E., 1975: Evaluating
Now Antimalarial Drugs against Trophozoite Induced Plasmodium cynomolgi Malaria In Rhesus Monkeys
(submitted).

Dev, V.G., Miller, D.A., Miller, O.J., Marshall, J.T., and Hsu, T.C.t Quinacrine Fluorescence of Mus cervicolor
Chromosomes: Bright Centromeric Heterochromatin. Exper. Call Rtsch (in press).

Doberstyn, E.B. , Hail, A.P., Votvutanapibul, K., and Sonkom, P. : Single -dose Therapy of Falciparum

Malaria Using Pyrimethamine In Combination with DID or Sulfadoxine (submitted).

Edelman, R., Schneider, R.J., Chieowanicii, P., Pornplbul, R., Voodhikul, P.: The Effect of Dengue Virus
infection on the Clinical Sequoia* of Japanese Encephalitis. Clinical Research (in press).

Gropp, A., Markvong, A., Marshall, J., and Kim, Y.J. i Robertsonlan Chromosomal Variation In the Long.
tailed Tree mouse (Vandeleuria). Zeitschrlft fur zool. Systematic and Evolutionsforschung, 10: 210- 214,
1972.

Gropp, A., Marshall, J., and Markvong, A. t Chromosomal Findings In the Spiny Mice of Thailand (genus
Mus) and Occurrence of a Complex intraspecific Variation in M. shortridgei. Zeitschrift fur Sougetierkundle,
38:159 -168, 1973.

Grossman, R.A. , Edelman, R. , and Gould, D.J.: Study of Japanese Encephalitis in Chiangmal valley,
Thailand. Vi. Summary and Conclusions. Amer. J. Epidemiol. 100t69- 76, 1974.

Grossman, R.A. , Bentenson, M.W. , Scott, R.M., Snitbhan, R., Top, F.H., Jr. , and Pantuwatanao, S. tAn
Epidemiological Study of Hepatitis B Virus In Bangkok, Thailand. Am. J., Epidemiol. 10 1:144 - 159, 1975.

Hall, A.P., Doberstyn, E.B., Na - Nakorn, A., and Sonkom, P. t Falciparum Malaria Semi -resistant to
Clindamycin. Brit. Med. J.. 2:12-14, 1975.

Hall, A.P., Hanchalay, S., Doberstyn, E.B., and Bumnefphund, S. a Quinine Dosage and Serum Levels in
Falciparum Malaria (submitted).

Hall, A.P., Segal, H.E., Pearlman, E.J., Phintuyothin, P., and Kosakal, S. : Comparison of a 9 -Phenanthrene

Methoanol (WR33063), a 4-Quinoliiie Methanol (WR30090) and Quinine for Falciparum Malaria In Thai.
land. Trans. It. Soc. Trop. ilyg. (in press).

Hall, A.P., Segal, H.E., Pearlman, E.J., Phintuyoth in, P. , and Kosakal, S. : Amodiaquine Resistant Falclparum
Malaria In Thailand. 1974. Amer. J. Trop. Mod. Hyg. (in press).

Hall, A.P., : Intraveanous @Oiftlae for Falciparum Coma. Proceedings 3rd International Congress of Parasitology,
Munich, 1974. p. 267.

Hall, A.P. : Adrenaline Pri4Uative Test In Falciparum Malaria. Lancet 1:t743, 1974.

258



Hali, A.P.: Quinine Fever in Falciparum Malaria. S.E. Asia. J. Trap. Med. 5:413-416, 1974.

Hall, A.P., Arnold, J.D., and Matin, D.C. i A Comparison Between the Quinine and Chloroquine Regimens

for Falciparum Malaria in Vietnam. S.E. Asia J. Trap. Med. Pubh. Hith. 5: 128-131, 1974.

Hall, A.P., Charoendhum, D., and Sonkom, P. : Pulmonary Edema Due to Fluid Overload In Falciparum

Malaria (submitted).

Hall, A.P., Dobarstyn, E.B., Mettaprakong, V., and Sonkom, P. i Falciparum Malaria Cured by Quinine

Followed by Fansidar (sulfadoxine with pyrimethamine). BrlP. Mod. J. 2:15- 17, 1975.

Hoogstraal, H., Kaiser, M.N., and McClure, H.E. : The Subgenus Persicargas (Ixodcideal Argaaidce: Argos

20. A. (P) robertsi Parasitizing Nesting Wading Birds and Domestic Chickens in the Australlan and Oriental

Regions, Viral Infections, and Host Migration. J. Med. Ent. I1: 513- 524, 1975.

Iber, P.K., Pavanand, K., Wilks, N.E., Colwell, E.J. : Evaluation of In vitro Drug Sensitivity of Human

Plosmodium folciporum by Incorporation of Radioactive Isoleucine. J. Mod. Ass. Thailand. (in press).

irwin, G.R., Allen, A.M., Bancroft, W.H., Karwacki, J.J., Pinkerton, R.H., and Russell, P.K. : Hepatitis B

Antigen and Antibody, Occurrence In Families of Asymptomatic HB Ag Carriers. JAMA 227:1042-1043,
1974.

Irwin, G.R., Allen, A.M., Bancroft, W.H., Willhight, M., and Russell, P.K.: Specificity and Sensitivity of

Radloimmunoassay for Hepatitis B Antigen. App. Microbiol. 28:600-604, 1974.

Irwin, G.R., Allen, A.M., Bancroft, W.H., Karwacki, J.J., Brown, H.L., Pinkerton, R.H., Willhight, M., and

Top, F.H., Jr. : Hepatitis B Antigen In Saliva, Urine and Stool. Infection and immunity 1 :142 - 145, 1975.

Johnson, D.O., Edelman, R., Grossman, R.A., Muangman, D., Pomsdhit, J., and Gould, D.J.: Study of

Japaneoe Encephalitis in Chiangmal Valley, Thailand. V. Animal Infections. Amer. J. Epidemiol. 100:57

68, 1974.

Koch, F.J., Sagarfz, J.M., Davidson, D.E., and Lawhaswasdi, K.: Diagnosis of Human Rabies by the Cornea

Test. Amer. J. Clin. Path. 63:509-515, 1975.

Kneiser, M.R., Jenis, E.H., Lowenthal, D.T. , Bancroft, W.H., Burns, W., Shalhoub, R., and Brigg, W.

Pathogenesis of Renal Disease Associated with Viral Hepatitis. Arch. Path. 97:193 -- 200, 1974.

McClure, H.E. and Ratcsnaworabhon, N. : Some Ectoparasites of the Birds of Asia. Applied Scientific

Corporation of Thailand. Bangkok, Thailand. 219 pp. 1973.

McClure, H.E.. : Migration and Survival of the Birds of Asia. US Army Component, SEATO Medical

Research Laboratory, Bangkok, Thailand. 476 pp. 1974.

McClure, H.E. and Kwanyuen, P. : The Avifaunal Complex of an Open-billed Stork Colony (Anastomus

oscitons) in Thailand. Nat. Hist. Bul. Slam Soc. 25--133-178, 1973.

McClure, H.E. Some Bionomics of the Birds of Khao Yal National Park, Thailand. Nat. Bul. Siam Soc.

25:99-195, 1974.

Murkvong, A.: Karyotypes of Three Species of Gibbons. Mammalian Chromosomes Newsletter, 14:149, 1973.

Markvong, A., Marshall, J.T., and Gropp, A.: Chromosomes of Rats and Mice In Thailand. Nat. Hist. Bul.

Slam Soc. 25-23-32, 1973.

t•arkvong, A., Marshall, J.T., Pathak, S., and Hsu, T.C.a Chromosomnes and DNA of Mus: The Karyotypes

of M. fulvidiventris and M. dunni, Cytogenetics and Cell Genetics (in press).

Morshall, J.T.,: Strigiformes. in Encylopaedla Britannica 15th Editi64: 73S5-737, 1974.

Marshall, J.T.: Karyotypes of Asian Species of Mus. Mammalian Chrfmosomes Newsletter. 15 (in press).

259



Mv~shall, J.T. a A synopsis of Asian Species of Mus. (Rodeatle, Muridoe). Anorlcom Museum Novitotes.
(in press).
Marshall, J.T. : Rats and Mice of Thailand (famlty Murida.). Association for Conservation of Wildlife,
Bangkok (In press),

Marshall, J.T., and Marshall, E. a Letters to the Editor (critical evaluation of published karyotypes of
gibbons). Mammalian Chromosomes Newsletter, 15 (in press).
Marshall, J.T., and Marshall, Et Gibbons: Nine Species Defined. Science (submitted).
Marshall, J.T. and Boeadit Rattus borteisii and Its Relatives In the Subgenus Moxomys. Treubia (in press).
Pearlman, E.J., Thiemanun, W., Castaneda, B.F. t Chemosuppressive Field Trials In Thailand 111 The Suppression
of Plasmodium falciparum and Plasmodium vivox parasitemias by a Diformyldapsone-Pyrimethamine Combination.
1975 (submitted).
Sagartz, J.W. and Tingpaiapong. M. i Cerebral Cysticercosis In a White Handed Gibbon. JAYMA 165:1
844-845, 1974.

Schneider, R.J., Firestone. M., Edelman, R., Chicowanich P., Pornpibui, R.: Clinical Sequoias after Japanese
Encephalitis:. A One Year Follow-up Study In Thailand. SE Asian J. Trop. Med. Pub. Kith. 5 : 560-568,
197A.
Schneider, R.J., Kolak, G., Ressdorf, H.: Father Distance and Drug Abuse (submitted).

Schneider, R.J., Sonsingkoo, P., Panpanya, B., Tumrongrachaniti, S., Witayarut, C.: aIncidence of Daily Drug
Use as Reported by a Population of Thai Partners Working Near a U1.S. Military Installations. internat. J.
Addictions, 1975 (in press).

Schneider, R.J., Sangsingkeo, P., Punnahitanond, S. a A Survey of Thai Students' Use of Illicit Drugs.
Internal. J. Addictions, 1975 (in press).

Segal, H.E., Chinvanthananond, P., Laixuthal, B., Pearlman, E.J., Hail, A.P., Phintuyothin, P., Na-Nakorn, A.,
and Castaneda, B.F. : Comparison of Diaminodiphey nylsuif one- Pyrimethamine and Sulfadoxine-Pyrimethamine
Combinations In the Treatment of Falciparum Malaria In Thailand. Trans. R, Soc. Trop. Med. Hgy. (in press).

Segal, Ii.E., Wilkinson, R.N., Thiemanun, W., Grosso, W.E. and Gould, D.J.:t Longitudinal Malaria Studies
in Rural Northeast Thailand : Demographic and Temporal Variables of infection. Bull. Wid. Hith. Org. 50:t
505-512, 1974.

Segal, H.E., Chinvanthananond, P., Laixuthal, B., Phintuyothln, P., Pearlman, E.J., Na-Nakorn, A., Castaneda,
B.F.: Preliminary Study of WR 33063 In the Treatment of Faiciparum Malaria In Northeast Thailand. Am. J.
Trop. Mod. Hyg. 23 : 560-564, 1974.

Segal, H.E., Hall, A.P., Jewell, J.S., Pearlman, E.J., Na-Nakorn, A., and Mettaprakong, V. : Gastrointestinal
Function, Quinine Absorption and Parasite Response In Falciparum Malaria. sautheast Asian J. Trop. Mod.
Pub. Hith. 5 t 4, 499-503, 1974.

Segal, H.E., Gresso, W.E., Thiemanun, W. : Longitudinal Malaria Studies In Rural Northeast Thailand:
Chloroquine Treatment of Faiciparum Malaria infiactions. Tropical and Geographic Medicine (in press).

Snitbhan, R., Scott, R.M., Bancroft, W.H., Top, F.H., Jr. and Chiewsiip, D.: tsubtypes of Hepatitis B Antigen
In Southeast Asia. J. Infect. Dis. (In press).

Spence, M.R., Davidson, D.E., Diii, G.S., Boonthal, P., and Sagartz, J.W.s Rabies Exposure During
Pregnancy. Am. J. Obstet. and Gynecology, 1975 (in press).

stutz, D.R., McAlister, R.O., Diggs, C.L.:i Estimation of Antimalarial Antibody by Radilommunoassay. J..
Parasitol. 60:539-542, 1974.

Top, F.H., Jr., Kraivapan, C., Grossman, R.A., Rozmiarek, H., Edelman, R., and Gould, D.J. : ingwavuima
Virus in Thailand. Infection of Domestic Pigs. Amer. J. Trap. Med. Hyg. 23 8 251-257, 1974.

Top, F.t., Jr., Gunakawe, P., C$~mntrasri, C. and Suparadee, J.: Serologic Diagnosis of Dengule
Haemorrhagic Fever Wsmg Filter Paper Disc and One Dengue Antigen. SE Asian J. Trap. Mod. and Pub.
HIth. 6:18-24, 1975.

260


