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U.S. ARMY ~fl~DICAL RESEARCH
AND DEVELOPMI NI TEC1 IN I CAL REPORT

1 October 1975 - 30 September 1976

SU?+IARY

Studies of febrile patients in indigenous populations have shown
that scrub typhus is a coninon, but frequently undiagnosed , cause
of febrile illness. The clinical syndrome whether mild or
severe , was difficu lt to distinguish clinically from that due to
other infections. The antigenic properties of human isolates
and the antibody response to infection have shown that the Karp
strain group produces the preponderance of symptomatic
infections in the study area. The strain activity in humans,
rodents, and chiggers in selected study sites is being compared.
In studies with immunosuppressants cyclophosphamide treated mice
died following inoculation of a normally nonlethal strain. In a
study of manmials and chiggers from a primary forest only a single
specimen of a known vector of R. tsutsugamushi was collected. L.
L. fletcheri and L. L. arenicola colonies infected with R.
tsutsugamushi have b~en employed to study the effects ofTtemperature on chigger development and transmission of the
infect ion .
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FOREW~RD

In conducting the research described in this report, the
investigators adhered to the “Guide for the Care and Use of
Laboratory Animals , DIIEW Publication No.(NIH) 73-23, as
Prepared by the Institute of Laboratory Animal Resources ,
National Research Council.”
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Work Unit 071 Field Studies of Rickettsioses and Ot her Trop ical
Diseases

Investigators:
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Associate: LTC I)avid ~-l. Robinson , VC ; MAJ Grahacm iII’ . Brown ,
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Dohany , MSC ; Miss Elsie Gan , B.S.

CLINICAL AND EP1DIN~0LOGI~AL S11JDIES OF SCRUB TYPHUS

The studies on ~norma1’~ popu la tions , described in the Progress
Report for 1975 , yielded good evidence for a high incidence of scrub
typhus transmission in the areas stud i ed . I)uc to the success of
other studies , the surveys at Pos Iskandar , Bukit Lanj an and Eimina
Estate have been discontinued for the present . Likewise , the study
of ind igenous soldiers has been suspended , usefu l data havin g been
obtained . The investigat ion of febrile patients in rural Malaysia ,
described in the Progress Report for 1975 , has been continued this
year. Over 120 human isolates of R. tsutsugamushi have been made ,
and a wealth of clinical and serol~gi~al data~~ilTccted.

Normal Populations

9r~ng_ Asli_ (Aborig ines): Pos Iskandar is situated in an area
of secondary jungle , 35 mfles N.E.  of Kuala Pilah and 67 miles East
of Kuala Lumpur. It is the focal point for several Orang Ash
kampongs scattered around a marshy lake , Tasek Bera , and has a V

school, and a clinic staff ed by a medical orderly. About 1000
people live in the area, subsisting largely on shifting cultivation
of hi ll rice , tapioca , etc., in the surrounding jungle. Rubber has
recently been planted in a few areas close to the villages.

Sera were collected from 208 volunteers of all ages during the
first visit in January 1975. The system of agriculture necessitated
familie s moving out of their village houses to guard the crops in
the jungle ladangs for periods of several weeks at a time. Thus it
was difficult to find all of the same individuals regularly.
Sequential specimens of serum were collected from 127 individuals (71
twice , 44 three times ,

V 

11 four times and 1 five times), over a period
of 8 months (January-August 1975) . A total of 462 man-months of
exposure was studied .

V 
- _—..~~~~~~~ —_.——*—._—_. V - T _____
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The age specific prevalence rates of scrub typhus antibody at
Pos Iskandar arc shown in Table 1 , using data from the largest
group bled simultaneously, in .January 1975.

[hiring the following 8 months of observation , 46 individuals
showed a ri se in titer (see Table 2) .  In 18 ind ividuals , there was
a 4-fold or greater rise in antibody to a titer of at least 1/200,
and in none of these were malaria parasites or leptospiral antibody
lound . In 8 of the 18 , the maximum titer was 1/ZOO , including one
person who showed a rise in OXX titer from 1/40 to 1/320. In 5 the
titer rose to 1/400, and in a further 5, to 1/800 or more. Only 5
(28%) of these 18 people admitted having had a febrile illness
during the intervals between collection of the sera . Of the
remaining 28 whose antibody titer rose from <1/25 to 1/SO , or from
~l/25 to 1/100, 6 (21%) had malaria parasites. None showed a rise
in leptospiral antibody. Two (7%) showed a rise in OXK titer from
1/40 to 1/160. Only 3 (11%) admitted having had a relevant illness.

Only the 18 subjects showing a 4-fold rise in FA titer to at
least 1/200 were regarded as confirmed infections. This is
equivalent to an incidence of 468/thousand/annum. However, the
study was carried out during only part of a year , and most of the
sera were collected from January to April.

Bukit Lan~jan: Bukit Lanj an is a small forested hill 5 miles
West of Kuala Lumpur . Approximately 250 Orang Ash live in a
kainpong on the jungle fringe, and pursue a variety o1~ urban and
rural occupations , including much travel through the jungle. The
preliminary survey of the population , u~sing f i l ter  paper blood spots ,
was carried out in 1974 , and reported in last year ’s Progress
Report. Sequential sera and clinical data were collected from
October 1974 to May 1975, by which time the numbers of volunteers
had fallen to an unproduct ive level .

Of 61 individuals from whom sequential sera were obtained
over a total of 234 man months, 8 showed a rise in FA titer (see
Table 3) and 2 a concurrent rise in OXK. Of the 8, 4 recalled an
illness during tha relevant period, and one (1148) had been
admitted to Gombak hospital for fever and chills ; an isolate of
R. tsutsugamushi was obtained from her by mouse inoculation. Five

$ of the 8 had significant antibody rises, an incidence of 5/234 m an
months, or 256/thousand/annum.

Elmina Estate: A pi’lot survey using filter paper blood spots
showed that 54/135 (40%) of oil-palm workers and 14/93 (15%) of
rubber workers had demonstrable antibody to R. tsutsugamushi.
In a longitudinal study of oil-palm laborers, sera were obtained
on one occasion only from 73 workers , on 2 occasions from 26, 3
t imes from 12 , 4 times from 11 and 5 times from 2. Thus multiple
observations were made on 51 individuals over varying periods
from 1 to 10 months , and a total of 273 man months of exposure
were studied.

V 
~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Table 1

Prevalence of Scrub Typhus Antibody at Pos Tskandar

Age Group Prevalence of Antibody’

<5 1/3 (33) 2

5—9 2/28 (7)

10—14 11/44 (25)

15-24 16/37 (43)

25 •34 . 20/34 (59)

35-44 29/38 (76)

>44 20/24 (83)

1. A titer of 1/SO or greater .
2. Positives/total (percent ) 

V V V ~_~~V V ~~ 
4
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Table 2 
-

Seroconversions to Scrub Typhus at Pos Iskandar

Age Group Numbers Showing Antibody Rise

Possible1 Definite2

Significance Significance

<5 1 0

5-9 9 0

10—14 7 4

15-24 6 1

25-34 1 5

35-44 3 3

<44 1 5

1. Includes rises in titer from ‘<1/25 to 1/50
- ‘ and from <1/25 to 1/100.

2. Includes 4-fold or greater rises in titer
to 1/200 or more.

- I

- - 
‘

- - ~~~
.— V 
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Table 3

Scroconversions to Scrub Typhus at Bukit Lanjan

Patient Age Sex PA OXVK Illness M.P ’s

H 48 15 F 1/25 1/80 + —

1/800 1/5120

H 130 8 F 1/50 1/40 - P. vivax
1/800 1/40 — —

• H 1014 14 F <1/25 1/40 + —

1/SO 1/40

H 1003 6 M 1/50 1/80 - -
1/200 1/80

H 146 6 F < 1/25 1/80 + P.falciparum

1/50 1/320 
— __________

-
‘ 

H 144 14 F <1/25 1/80 + —

1/400 1/40

H 21 8 F <1/25 1/80 — —
1/50 1/40

V H 154 12 M <1/25 1/80 — —
1/100 1/80

— -  
~~~~~~~V_ V  
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Two workers showed z~ si gn il i cz nl . r ise in t i t e r  o antibody to
R. t utsugmrushi during this t joe (see Table 4), and two more
lesser rises, one from 1/25 to 1/100. the other from < 1/2 5 to 1/SO .
Three of the 4 , including the 2 showing def in i te  rises (1254 and
1225) , adm it ted  having had a febri le  i l lness between the dates of
bleeding. None of the illnesses had been prolonged or serious and
none, as far as is known , required antibiotic therapy . The subject
showi ng a rise to 1/50 did not recall any illness during the
relevant period . From this data , the incidence of definite
infections was calculated as 2 per 273 man months, or 88/thousand/
annum.

Rodent trapping from a grid system consisting of 200 traps was
accoilq)lished at Elmina throughout the entire year. The trapping
was conducted for 1 week per month with marking and releasing of the
trapped rodents. A total of 696 rats were trapped from which 623
blood samples were taken for isolation studies. R. tsutsuga~~shi
was isolated from only 2 (0.32%) of the specimens. Chiggers were
collected from all trapped rodents. In ad dition to collection of
chiggers from rodents, a black plate grid of 22 sites within the
trapping grid was established, with 10 plates per site for a total
of 220 black plates.

The primary vector found within this mature oil-palm estate
was Lçptotromnbidium (L.) deliensc (61.1%). Other Leptotrombidium
collected were L. CL.) fle1~ T~ri (0.1%), L. (L.) bodense (0.2%) and
L. (L.) near-arenicola (0.03%)~~ Other th

V
an L. (L.) deliense ,

Ascoschoengastia (L.) indica was the only other Ehigger collected in
large numbers~T~O.O%). The remaining species were Gahr1icj~~ (W.)lewthwaitei (3.7%), G. (W.) enode (0.02%), G. (G.) fletcheri (0.6%),
Walchiehla ijnp~r (O.O6%)~ anU ~C ( L. )  1oriu~ (0:4%).

In comparing the chiggers collected from rodents with a black
plate chigger index (number of chiggers collected each month divided
by the total number of plates) the data tends to follow a parallel
line and may prove to be a valuable tool for comparing chigger
populations in the field (Fig . 1).

Military Populations (Malaysian Soldiers): Two hundred and
seventy five recruits were bled before and after 6 months basic
training at Port Dickson. Forty seven (17%) of the patients had FA
titers of 1/25 or more . Of these , 6 (2 .2 %) showed a sign ificant
rise in titer between the two specimens , indicating infection in
the interval. Three of the 6 admitted having had a febrile illness
during training, and one man had been ill for 2 weeks . The
remaining 3 men denied any illness during the study period. Four
hundred and seventy six soldiers from two infantry battalions (2

- Ranger and 11 ~vWA) were bled before and after a period of
operational duty near the Thai border, in June and October 1975.
On the second occasion information was obtained, by means of a
questionnaire, on any illnesses experienced . Both specimens were

V 
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Tah]e 4

Seroconversions at Elmina Estate

Patient Agc Sex Date FA Ti ter OXK Titer

1254 22 F 20 January 1/SO 1/40
20 March 1/50 1/40
19 June 1/400 1/320
20 August 1/100 1/320

1225 23 M 20 January <1/25 1/40

20 March 1/200 1/40
19 November 1/200 1/80

4 
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negative in 235 (49 % ) .  In 210 (44%) one or both sera were
positive at low levels , though no rise was detected. Eight of 262
(3.1%) of the 11 MIA group had a titer of >1/400 in the first serum,
indicating infect ion during the few months prior to our study. This
evidence was re-inforced by OXK titers of ~l/l6O (1/2560 in one) in
6 of the 8. Small rises in FA, from <1/25 to 1/50 or <1/25 to 1/100
occurred in 11 (2.3~ ) of the whole group , but in only one was this
accompanied by a rise in OXK titer (1/40 to 1/160). Of the 11, 5
(45%) admittcd a febrile illness , though no details were available.
Signifi cant rises in FA were seen in 2 (0.4% ) of the group : 1/100
to 1/400 in one case (no rise in OXK) and 1/50 to 1/400 in the other
(OXI( 1/80 to 1/160). Neither subject admitted any illness during
the period .

Military Populations (British Soldiers): In last year ’s
progress report, the occurrence of low level seroconversions amongst
visiting soldiers , often without illness , was reported. This was
examined further in 98 additional men, of whom 13 (13%) developed
antibody to a titer of 1/SO, after a 6-8 week period of jungle
training . Sera collected prior to the training exercise had no
demonstrable antibody (<1/25). None had clinical malaria nor
serological evidence of leptospirosis. The majority denied any
illness whatsoever. Blood was collected from each of the 98 men and
inoculated into mice. No isolates were macic from the mice and the
significance of these small rises remains uncertain, as in the
ind igenous soldiers .

Febrile Patients

Studies were carried out at the distri~t hospitals of Mentakab
and Kuala Pilah , the Orang Ash hospital at Gombak, the General
Hospital and Kinrara Mili tary Jbsp ital in Kuala Lumpur, and the
health sub-center at Bukit Mendi.

Bukit Mendi health center is located on a Federal Land
Development Authority (FELDA) oil--palm plantation in southern Pahang.
An area of disturbed primary jungle, approximately eight miles by
ten has been partially cleared , burned and planted over the past
nine years. Most of the plantation is now in production, and
approximately 10,000 people have settled, in four villages , on the
scheme. Adults of both sexes work in the fields, arid children
sometimes accompany them. A health sub-center, visited weekly by a
doctor , provides medical services for the inhabitants, arid was the
location for the study.

Mentakab District Hospital serves an area of central Pahang
containing many similar FELDA schemes , and also a large population
of rural villagers. Kua]a Pilah Hospital, in Negri Sembilan , serves
a rather different, semi-urban population, and rubber estate and
rice field workers predominate over relatively few oil-palm
laborers. Gombak Hospital admits Orang Ash pat ients from all over

V . -- 
V V
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peninsular Malays ia  though n~iny patients , including those with
fever , find the long journey too d i f f i c u l t  to make . At the General
lbspital , Kuala t.i~npur , the study was attempted on one of the 3rdclass male me (Iical wards and at Kinrara on febrile soldiers.
I~~wever , sera wc-r c obtained from only a small number of febrile
patients, and these two studies had to he abandoned after several
months.

At each location , cl inical and ep idemiological data, and
paired scra were collected from unselected febrile patients. In
many instances , blood was also inoculated into mice for isolation of
R. tsutsug~xmishi . Patients complaining of headaches , cough or
genera l rna1~iTse ~~re also includ ed , even if not febrile at
presentation. Young children , from whom venous blood could not
easily be obtained , were largely excluded from the study.
Convalescent sera were collected two weeks after the acute specimens
wherever possible , though -arly discharge from hospital
necessitated a shorter interval in many instances . All clinical
data was gathered by ~ clinic and hospital staffs. With the
exception of Kuala Pilah, most of the specimens were collected by
our technicians.

The paired scra from all study sites were examined for R.
• tsutsugamushi antibody by indirect iinmunofluorescence , and for

Proteus OXK agglutinins by the Weil~Fehix test. 0X2 and 0X19
agglutinins were not sought. All sera were stored at -20°C from the
time of separation. Results were notified to the responsible
doctor as soon as possible after collection of specimens.

Isolation and ident i fication of the organism was performed
using the standard technique, in which fresh whole blood is
inoculated intraperitoneally into mice. Isolates were confirmed by
direct imunofluorescent examination of pcritoneal monoclear cells
from the infected mice .

A compatible clinical history , plus any of the following
criteria was regarded as confirm ing the diagnosis :

1. isolation of the organism
2. a four-fold rise in FA titer to 1/200 or more
3. a four-fold rise in OXI( titer to 1/160 or more

Either of the following findings was regarded as indicating
concurrent or recent infection:

1. an FA titer of at least 1/400, with no demonstrable rise
2. an OXIC titer of at least l/160,with no demonstrable rise

A s~mmary of the results from the six studies is given in
Table 5.
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Table 5

Incidence of Scrub Typhus in Febrile Patients

Definite Probable Total

Mentakab 47 (19.2)1 11 (4.5) 245

Kuala Pilah 33 (5.3) 20 (3.2) 621

Bt. Mendi 49 (13.1) 17 (4.5) 374

Gombak 8 (7.4) 12 (11.1) 108

G.FI.K.L. 0 0 15

Kinrara 0 0 15

1. Number of patients as a percentage of the total studied
at each location .
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The low utuither of cases docimicntcd at (;ombak was probably the
result of s e l f — s e l e c t i o n  b y fch r i l c  Orang As] i , who appeared to stay
at home ra t he r than ~o to ho ;p it ;i J . The large number of Orang Ash
w i t h  hi gh t i t e r s , hut no r i so, may wc l 1 represent recent hut not
current  i n f ect ions .  .‘;~~ne cases may have h(’( n t reated w i t h  tet r acy ch ine
at the ju ng ] c’ medical  posts. The much hi gher incidenc e at
?~k~nt ak ah hospital as compa red w i t h  Kuala Pu ah probably refl ects the
d i f f e rence in habi ta t s - a lot of the area surro~u~di ng ~-1entakab is
now planted with oil-palm , or is ‘scrub ’ vegetation , whereas the
pad i f i e lds  and rubber estates so coiaiion around Kuala Pi lah  offer
less favorable ecological conditions for the vectors.

From the results obtained , it is evident that scrub typhus is
a much more c~ iunon cause of illness than was previously suspected ,
and that the clinical syndrome , whether m i l d  or severe , is d i f f i cu l t
to dist i nguish from tha t due to other infections. Eschars, rashes
and adenopathy were not usually observed . The infection was
particularly prevalent in oil-naim workers, causing an estimated 400
cases annually in the population of 10,000 people living on the
Bukit Mendi scheme alone.

Rodent and chigger collections were begun in Bukit Mend i in July
1975, with  in i t ia l  collections being made as a general survey of the
various habi ta ts  of the entire scheme . IThen i t  was determined that
a specific area (Phase I I I )  was producing a hi gh incidence of scrub
typhus cases, study sites within this Phase were established. Grid
trapping systems were established allowing for trapping , marking and
releasing , and retrapping of the rodents, with collection of chiggers
and blood spec imens from each rodent trapped . Two such grids
consisting of 100 traps each were set up in Phase III oil-palm.
More recently, similar grids have been establ i shed in a Phase I oil-
palm site which has yielded only a few positive cases of scrub
typhus .

From the general survey prior to the establishment of the grids,
a total of 10 species of small manmals were trapped, with R.
tiomanicus being the dominant species within the ent ire area , and R.
argentiventer and R. exulans being sub-predominant. The rest of the
trapped animals included: Tupaia g u s , R. muelleri, R. cremoriventer,
Callosc iuru s nigrovittatus, C. not~Tus, C. caniceps, and 

V

~undascijiñ~s tenuis.

During the general survey, R. tiomanicus had an infection rate
of 41.6% (32/77) from Phase I oil-palm , 37T~t (3/8) from Phase III ,
37.5% (20/56) from lalang and 27 .0% (10/37) from fringe habitat . In
R. ~~gentivcntcr only 16.7% (1/6) from lalang was positive, and none
Tran Phase 1 oil palm (2) and fringe (4) was positive , thus giving
an overall rate of 8.3% (1/12). R. exulans from lalang had 23.8%
(5/21) positive. Two R. exulans from Phase I oil-palm and 1 from
the fringe were negative. Tupaia lis 22.2% (4/18) from Phase I
oil-palm and fringe habitat werc oun to be infected with R.
tsutsugamushi. T. 

~)J~ 
within lalang (1) and Phase III (10) were
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all negative . None of the other species was found to be positive
for It. tsut sug~~ u sh i .

1.. (L. )  delien se was the predominant vector chi gger species
collected from the lour typos of habi ta t  during the general survey
of Bukit Mend i , wi th  76.8’s, from lalang , 4 9 . 8% from forest fringe,
70.5’~ from Phase I and 72. 6% from Phase I I I .  L. (I. . ) f le tcher i
was also collected from the la i an g habitat  ( ]4 .O % ) .  The collection
of large numbers of L. (L.) dc’liense from the lalang demonstrates
the active movement of the chigger hosts between the lalang and
adjacent scrub, as L. (L.) fletcheri is the predo~ inant species
collected from blacl plates within West Malaysia.1

Within the grid systems of Phase III the first area (FF) is a
mixed habitat of oil-palm and adjacent swamp forest. Results of
the prevalence rate of R. tsutsugamushi isolation from small
mammals trapped in this~~rca are shown in Table 6. The trapping
and recapture rates were so low that it is not possible at this
stage to assess any population fluctuation of any species of the
small mammals obtained. Altogether eight species of small mammals
were trapped , of which only two species , R. t iomanicus and R.
argcntiventer were found in the oil-palm hah~.tat . Th~ remaining
six spccf ~s were all from the swamp forest. R. tsutsuganiushi was
isolated from R. tiomanicus and R. argentiventer. The rest of the
species from the swamp forests w~rciiicgative. Of 60 blood samples
from R. tiomanicus 8 (13.3%) were folVmd infected and from R.
argentiventer 33.3% (3/9) were infected.

The second area (YY) is exclusively planted with 3-4 year old
oil-palm trees. Only two species of rats, R. tiomanicus and R.
argentiventer were trapped in this area. (Table 6) Like the first
area the trapping and recapture rates were very low. However,
26.3% (10/38) blood specimens collected from R. tiomanicus were
positive for R. tsutsugamushi as compared to 43.48% (10/23) from 

V

R. argentiventer.

In both these study areas, R. argentiventer was shown to have
a higher rate of isolation than that of R. tiomanicus, although
the numbers caught were lower than R. tiomahicus.

The trees of the FELDA scheme arc planted in rows approximately
6 meters apart. The litter from pruning the trees is placed in a
straight line between every other row of trees. The alternate rows
are left clear. This is the case in both Phase I and Phase III of
Bukit Mendi . These piles of litter prov i de good harborage for the
rodent hosts of the vectors.

The most noticeable difference between the study areas of
Phase I and those of Phase I I I , is the lack of grass covering within
Phase I sites. The covering within Phase I is primarily ferris, while
that of Phase III  is grass and vines .

- —- • - 
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Table 6

Prevalence of Ricke t U; ia tsut stw,ar iushi I so la t io n  (blood ) from Small Animals
—________ _ V i_ _

~pf V VVV~ HT Bukit Menc li.

.j V j _~~~ Ntu~iher Percent
Site Species of ~v~mmal s Habitat 

~1anuna1s Positive Positive
____________________ _____________  

Tested 
____________  _____________

FF R. tiomanicus Oil-palm 60 8 13.3

R. argentiventer Oil-palm 9 3 33.3

R. whitchead i Forest 4 0 0

Forest 5 0 0

R. niuelleri Forest 1 0 0

S. tenuis Forest 7 0 0

ç. notatus Forest 2 0 0

E. g~minurus Forest 1 0 0

YY R. tiomanicus Oil-palm 38 . 10 26.3

R. argentiventer Oil-palm 23 10 43.5

_ _ _ _ _ _  — V 
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Table 7 pi -~- -ri 1 - ; a cen~s i r i  son of the vector L. ft.)  dVCl i ense
collec ted  rn: n I~ t;i lO V (n , is from both the I’haso I :inl I’IIVO ,e lTI
studs’ s i t e s . l)urin~ lie I ~r e- months fruin which d at  a is a~’;iil:il de ,
the numbe r of 1.. (1.) dcl u - i i - -~e per rodent collected rem Phase I
has ream i i i -d f a i r l y  con stan t , i-an c~ing from ~ .1 to 10.7, wb -rcas the
L. (L.) (h-li en - ; - ~V V J V  I

VO h,flt from Phase i l l has fluctu;i~cd
consideraL l ~~~ rang ing from 3. ; to 27.7. During much of th is t j yp r-
the area was experienc i ng extreme drouc’ht . However, j l i V ; t  ~rior to
the high number (27.7), showers were occurring daily for
approximately 10 days .  As the rodents \V ;ith ifl Phase I c ‘ ~‘aly
acquire the chiggers from the litter piles , and as ti:’c-c %‘.oul ;I
probably retain a more suitable env i ronment for the ch i’~gcrs even
during a dry period , one mi ght expect t I c  number of chi~gcrs per
rodent to remain more constant . IThercas within the lft i~ e Il l area ,
where the rodents would not only acqu i re the chic~gcrs from the
litter , hut also from the- open grassy areas, which ~-:culd be highly
affected by changes in mo i sture , a great er  f luc tua t ion  of in~nhcrs
of chiggers per rodent mi ght be expected.

Weil-Felix Test

A comparison was made of three methods fcr the Wel l -Fe l ix  test ,
using paired sera from 50 scrub typhus patients. The methods ~-cre:

1. - the tube agglut ination techn ique , with a 4 hour incuba ion
period , recommended by the manufacturer of the antigen (Wcllcome
Reagents. Beckcnhaxn , England) .

2. the standard tube agglutination technique of Shaffer and
Goldin 2 with overnight incubat ion.

3. the microtiter adaptation of (1), using v-type microtiter
plates (Cooke Engineering Co.1 Alexandria, Va) as described by
Gaultney , Wende and Wi11iarns. V,

~

The OXK results obtained by each method were essentially the
same , but the microtiter method was easier to read, and quicker to
perform, and much more economical of antigen and serum.

Using the microtiter technique, OXK agglutination titers were
measured in 225 control subjects (see Table 8). There was
confirmat ion of earlier observat ions, that rises in titer occur also
in leptospirosis , and malaria . OXK titers measured in 209 sera
obtained from 112 isolate positive scrub typhus patients are shown
in Table 9.

LEPTOSPIROS I S

The sera collected in the Mcntakah, Kuala Pilah and Bukit
Meridi studies have also been examined by the IlL technique for
leptospiral antibody. The results arc shown in Table 10. These

- —-  - -
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Table 7

Comparison of Total ai igs~crs and Vec tor Chiggers L. (L.) deliense
Collected from Rattus tiomanicus jalorensis from PTmse 1 and

Phase I J I Oil—Palm , Buki t M~~~i, Pahang.

Month Number of Chiggers Number of L. CL.) cleliense
per R. t. j alorensis per R. t. jaTorensis

Phase I Phase III Phase I Phase III

February 26. 5 . 36.5 10.7 13.8

March 33.7 64.3 7.8 3.6

April 28.5 52.5 7.4 27.7

I
~~~~~ 1
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Table S

OXK Titers in 225 Control Subjects

Source Reciprocal_Titers Total Scra

~.4O 80 160 320 640 1280

50 British soldiers 39 11 — — — 50

SO Malaysian soldiers 41 9 - - - - SO

25 Malaria 1’2 patients 34 12 3 — 1 — SO

100 Leptosp iros is”3
pat ients 66 68 51 8 6 1 200

1. Acute and convalescent sera from each patient.
2. A 4-fold rise in titer occurred in 3 patients.

3. A 4-fold rise in titer occuried in 12 patients.

- I
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Tab] e 9

OXK Titers in 112 Scrub Typhus Pat ients1

Day of Reciprocal_Titers -- Positive3/Total
Illness2 

~4O 80 160 320 640 ~~ (Percentage)

1 .7 42 17 16 9 6 3 34/93 (37)

• 8—14 ~ 13 9 10 18 50/65 (77)

15—30 3 4 6 8 8 22 44/51 (86)

1. 209 sera from 112 isolate positive patients.

2. As reported by the patients.

3. Titer ~j/l60.

-
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Table 10

Lcptospirosis~ in Unselected Febrile Patients

Mcntakab 
— 

Kuala Pilah Bukit MendiT
_____________________ 

Hospital Hospital clinic

Lcptospirosis 26 (8) 2 41 (6) 19 (4)

Total Patients3 318 688 431

1. Criterion for diagnosis: a 4-fold or greater rise in I-IL titer.

2. Number of patients as a percentage of the total at each
location.

3. Includes all patients with paired sera collected 3 ~‘r more
days apart.

-
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resul ts  d i l f e r  from those in previously reported series from
Malaysia in that these pat i cnt s were not selected for symptoms ,
si gns , aEe or sex. Thus a ba l anced i nd i cat ion of t he over a l l
import ;lnce of the infect ion as a cause of fever is ohta ined .
Notcworth~ feature:; in this series arc (1) the number of cases in
the Buk it ~‘k-ftI 

j ~~~I V (~~ p who were treated as outpat ients , often with
no diagnosis or specific treatment , (2) the fact that jaundice was
present in only 2 (2~ ) of the 86 cases, (3) no mortality was
documented and (4) the majority of the cases were not suspected
cl inically.

IDFJ’~TIFICATION OF STRAIN ACTIVITY IN NATURALLY OCCURRING
SCRUB TYPI hiS INFECTIONS

Isol ates recovered from human scrub typhus infections have been
classified on the basis of àntigcnic compo sition and antibody
response to infection with the isolates. Although the studies are
stil l  in progress , findings to date indicate that the Karp strain
group produces the preponderance of symptomatic infections in the
study area .

NEAR-L.(L.) arenicola

A species of chi gger ta~conomically intermediate to L. (L.)
deli ense and L. (L.) arenicola has been found to occur iii several
locations in the central part of West Malaysia. This species is
currently being referred to as near-L. (L.) arenicola. The scutal
measurements matches that of L. (L.)  arenicola but the scu al setae
measurements are closer to L.~~(L.T delT~nse. Traub4 in his ori g inal
descri ption of L. (L.) arenicolii dei~cribed it as having a palpal
formul a of NNN~N but indicated that “on an occasional specimen, the
dorsal seta of the palpal tibia is frayed or, rarely, even sli ghtly
branched”, thus givin g a palpal fo rmula of NNbNN. Subsequent V

collections of L. CL.) arenicola have shown that the palpal
formula is more often N]~4bNN. The palpal setae of this intermediate
spec ies is also NNbNN.

The name arenicola (or “sand lovin g”) was orig inally coined
because the chigger was only collected from sandy beaches, not from
rocky beaches in which the scrub or forest came down to the water’s
edge. L. (L.) arenicola has- been collected throughout West Malaysia
from only sandy T~

’eadles.

The chiggers which are currently being referred to as near-
arenicola have not been collected from a pure sandy habitat . In
fac t, some of the black plate collections have been from a highly
organic soil adjacent to a stream bed. This species, collec ted
from roden ts at Buki t Mendi, tends to be somewhat host specific.
Of 64 collec tions , 58 have been from Tupaia gjj~, with the remainingbeing collected from R. tiomanicus j~ilorcnsis (4) arid R. argentiventer(2). If this species is determined to be a true L. (L.) arenicola,
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the si gnificance of the frnd tng in regards to the distr ihut  ion of
scrub typ hus vecto r s is  apparent .

We are current ly  a t t empt ing  to establish a colony of this
spec ies o f ch i gge r f r om the central part of West ~.1a1aysia . If a
colony can be est a b l i s hed , then cross—mating of this species with
L. ft.) arenicola and other taxonomic;i I ly similar species can be
attcmptcd7 In addition taxonomic studies of post-larval stages
(nymphs and adul ts) can he undertaken.

AN ECOLOGICAL STUDY OF RTCKETI’SIA TSUTSUGANUS1II IN TI lE PRIMARY
FOREST OF

V 
T~~~N N1~GA1~A , WEST ~~1~ YSIA

There has been considerable reference to the possible existence
of a jungl e cycl e of scr ub typhus within the l iterature, hut little
actual evidence of such Occurrence has been presented. To answer
this question , rodents and their ectoparasites were collected from
the Taman Negara , West Malaysia. Much of the area is primary
forest and reachable only by foot or boat. A site at Lata Berhad
located approximately 6~ mil es from the park headquar ters at Kuala
Tahan was selected . This area was fairly accessible by boat and
ranged from approximately 250 feet to 2000 feet in altitude .

The fores t canopy was contiguous and the streams wer e mostly
dry , having water in them only during the rainy season. A similar
area acro ss the Sungai Tahan was describe d by Soepadmo5 as being
undul ating hill or ridge dipterocarp fores t .

Mamals were trapped in small animal basket traps (Harrison)6.
The chiggers were removed and returned to the laboratory for
identification. All the m.trrvnals were held in traps and returned to
the laboratory for identification and serological examination. The
presence of rickettsial antibody was determined by the
microfluorescent antibody test and R. tsutsugainushi isolation
attempts were made using the mouse passage technique (Jackson et
al.)7.

Altogether 35 animals comprising 10 species of rats , squirrels ,
and tree shrews were collected (Table 11). These included : Rattus
whiteheadi (8), R. surifer (6) , R. raj ah (4) , R. cremoriven ter (1) ,
R. saTànus (10), R. muelléri (l)~ Tupaia g u s  (2), 

çallos ciurus
n~grovittatus (1), Iomys horsfieldi (1) anilTEariscus insignis (1) .
The tranpThg success rate was 0.6 percent (35/5479 trapp ing nights)
which is low compared to success rates in secondary for ests in
Malaysia (Lim & Heynemari)8, but comparable to other primary fores t
stu.lies (Liin)9.

Two ind vidual rodents, a R. surifer and a R. sahanus were
trapped at 250 feet elevation ih the fringe habitat by the side of
the Kuala Tahan river. The rest were caught in primary forest.
All the animals caught were lowland forms (tk~dway)’°. R. surifer

______________________ V~~~~~~~~—.--—----- -- — - -  - -4
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and T2paia ~l i s  are known to occur from sea-level up to 6000 feet
(I larr i  son) . R . sahanu~

; and R . whit chead i have been found to l ive
as hi gh as 2000 feet in lorested areas aro~rnd Kuala Lumpur (Lim) 12
but none of these two species was trapped above 1100 feet.

Of the 2 ,107 chi ggers collected during this study (Table 12),
only a sing le specimen of a vector, L. ( L .)  deliense , was taken from
a R. raj ah. This one chi gger was tbe only c1Tt~~er ~iresent on the
animal. This animal was trapped at approximately 1000 feet in
elevation. Additionally, the only other species of Leptotrombidium
collected were L. (L.)  hodense (243: 11.5% of the tot~irET~i~~crs
collec ted) and ~ specimens oFa 

V
I totrombidium closely related

taxonomically to L. (L.) arenicola.

By far the largest number of species and specimens collected
were of the genus Gahrl i~p~~ : 8 species in two different subgenera
(Walchia and Gahr1[~3T~J totalling 1205 specimens (57.2%). G. (W.)
c f l~l~ifa had The lai~~ st number of specimens collected ; 587 or

7. 8o .  Waich iel la oudeinansi (419: 20.0%) and Ascoschoeng~~~ia (L.)
a~~~i (2 14: 10.2%) ~~~~~The only other species in which large
numbers of chi ggers were collected.

Scra collected from the rodents were screened at 3/25 dilution
by PA methods for antibody to the Karp, TA 678 and Gilliam strains
of R. tsdtsugamushi, epidemic typhus , R. canada, siberian t ick
typhus, and Q fever. Of this spectrum of antigens only two R.
surif er rats were positive for Q fev er antibody. No ant ibod y was
detected to any of the other strains or species of rickettsia.

Both whole blood and spleen/kidney pools were examined for R.
tsutsugaim.ishi by the standard technique. The tissue pool from a
i~. sabanus and both the blood and tissue pool from a Tupaia g u s
yielded i :;olatcs. All three isolates i~erc antigcnicafly~~imilar

- and related to the Karp and TA 763 strains. These antigens have
been the most comon detected in surveys conducted in inhabited
areas of the east and west coast of Peninsular Malaysia.

EFFECT OF CYCLOPI-OSPIIAMIDE, AZATUIOPRINE, AND 5’ FLIX)ROURACIL
ON RICKETFSIA TSUFSJJGAMUSHI INFECTIONS IN MICE

The class of compounds most widely used to block the in~nunc
response to infectious and non-infectious antigens are alkylating
agents. Of these the most widely studied is cyclophosphamide (CY).
Kazar et al.13 studied the effects of CY on Rickettsia akari, R.
prowazeki and Coxiella hurneti infections in mice. Their studies
showed that CY~ incrca~ed iT~~Viru1ence and the nunber of rickettsia
present in tissues and was effective in suppressing antibody
formation when given at the specified intervals. Tachibana and
Kobayashi 14 found that CI increased the virulence and enhanced the
growth of R. sennetsu in mice. Maximum titers in spleen tissue
were approiimately two 1og~~ higher in chemointnunosuppressed mice
than in control animals.

-_ _ _ _ _ _ _ _ _ _ _ _  — ~~- -  V
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Ant imet ahsl itc~ such as pu n no and p~T i r n i d i n e  analogs have
also been shown to have s i gn i f i can t e f f e c t s  on irnunc response.
For th i s  study the pyniinici inc ana l og 5 f luorouraci l  (5—I-li) and the

~uninc an aIo ~ - : a th iop r ine  were selt -ctcd as representat ive of this
group of compounds.

Many strains of R. tsutsu~amushi are not lethal for mice , and
death occurs in mice inlected v~T~h v [rul.ent strains coincident with
the appearance of antibody. The response of chemoin~niinosuppresscdmice to inoculation with a mouse virulent and a mouse avirulent
strain was studied in anticipation that such studies would further
elucidate the mechanisms responsible for pathogenicity.

The Rickett sia tsut~;iigamushi strains used in the study were
propagatefln specific patLogcn free hens ? eggs purchased from
SPAFAS , In c . ,  Norwich, Connecticut . The Karp strain was uniformly
lethal following inoculation , but the TA 686 strain was not lethal
to our par ticular stra in of mic e . A 20% yolk sac suspension of the
Karp strain contained 108.5 LD50 and a 20% suspension of the TA 686
contained i07.6 median imunizing doses for mice (lD5o).

cyclophosphainide was purchased as Endoxan_Asta R 200 mg vials
for inj ection from Asta-Werke Ag, Chemische Fabrik , Brackwede ,
Federal Republic of Germany. Azathioprine B.P. was purchased as
Imuran, 50 mg tablets from Burroughs-Wellcome and Co., London.
5-fluorouracil was purchased in the injectable fo rm fr om F.
Hoffman-La Roche and Co. Ltd. ,  Basle , Switzerland .

Azathioprine was employed at a dosage of 3 mg/kg/day; and 5-PU
at 10 mg/kg/day . CY was given either at a continuous dosage of 45
mg/kg/day , at a single (lose of 400 mg/kg, or at a dose of 400 mg/kg
followed by a second dose of 200 mg/kg 3 days later depending on
the experimental design.

Initial experiments were conducted to determine the effect of
chemoininunosuppression on survival following challenge with the
mouse lethal Karp strain of R. tsut sugamushi. Administration of CI
was either initiated one day post challenge and given until 7 days
post challenge , or giv en as a single dose concurrent with challenge .

The results are shown in Figure 2. All the experimental mice
died following inocula tion of~ the rickettsia and administration of
the drugs. The survival time appeared to be prolonged with
azathioprine and 5-PU and shortened with daily doses of CI. These
changes were consistent when the experiment was repeated . No
deaths occurred in control groups administered the drugs alone.

The same parameter was studied under the same conditions
following an equivalent infectious dose of the TA 686 strain. This
strain is not lctha l for mice, but previously expo sed mice are
imune to challenge with virulent strains. Since no mice died when

-u_I. - ~~~~—_ -- V .4
_ __ _ _ _  V -
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Caption

Figure 2. Effec t of chemoinmunosuppression on infection with the
mous e virul ent Karp strain of R. tsutsuganiushi .

~~ CI daily , days 1-8 post inoculation ; A CI single dose on day
1 post inoculation; 0 azathioprine on day 1; 0 FUL)R on day 1;
X control - Karp strain only .

U— V - ~~~~~~~ - - - ~~~~_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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inoculated w i t h  TA 686 alone or with TA 686 and azuthiopr ine or
S— flJ , onl y tl~ - response of mice  to CI inoculat ion j ’;~~;l~o~~i in
Figure - . The m ice g iven a single 8 m~’ dose of CI f i r s t  cv idencod
signs of illness on day 10 post cha l lenge which was approx ima te ly  2
(lays l~ :iger t han the incubat ion period of the virulent Karp St r a in .
A few mice died each day through day I S post inoctil at. ion whon I 7/3Y
( 14% ) were alive . The daily administrat ion of a small (lose of CI
with L4 686 produced si gns of infection I day la ter , hut the death
patterns more nearly approximated the Karp strain in that the
major i ty  of the mice died over a three day period . At 28 days , the
terminat ion of the experiment , 10% (4/40) of the mice were alive .

The effect of varying the day of administration of the drugs on
survival and antibody titers is shown in Table 13. No deaths
occurred in the experimental groups inoculated with TJ\ 686 strain
and given azathioprine or 5 V}1J~~ However, CI given by either dosage
schedule increased the sensitivity of the mice to this normally
avirulent strain. When the single (lose was given near to the time
of the rickettsial c1~al1enge some mice survived , hut when the CY
was g iven between days 4 and 7 post challenge there weco no
survivors.

The titers of rickettsia in l iver/spleen pools and in
peritoneal exudate were determined when all of the CI mice were
show ing signs of the disea se and approximately 20% had died
(Table 14). At 8 days post inoculation little difference could be
detected between the t iters in peritoneal f1ui~d between mice
i noculated with CI and those inoculated with PBS. Al so , little
difference could be detected between the titers in tissues from
mice treated with a single 8 mg dose on day 3 and cont rol t i ters .
When the 8 mg close was followed on day 5 with a 4 mg dose the
max imum mean differenc e was 1.0 log~~ .

When peritoneal exudate containing cells was stained by the
direct fluorescent antibody method a distinct difference was noted
between CI treated mice and the other experimental groups as well
as controls. The individual organisms stained much more distinctly V
and larger numbers were visible. We reasoned that significant
levels of humoral antibody would coat the organisms and interfere
with the direct staining technique. A series of exudates were
stained with the direct fluorescent ant ih”d y method using conjugated
rabb it orig in ant imouse globu lin , and the i ickettsia from the
azathioprine , 5-EU , and control animals fluoresced indicating that
they were coated with mouse globulin. However, the or ganisms from
CI treated mice could not be observed by the use of ant imouse
globulin alone .

Smears were prepared from the peri tonca l f luid of drug treated ,
infected mice and stained with monospecific conjugate. No antigens
were detected in the isolates that had not been detected in the
ori ginal seed material.

V - —.-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- 
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Capt iOfl

Fi gure 3. Effect of chemo inTiunosuPPreSsiOn on infection with the
mouse avirulent TA 686 strain of R. tsutsugamushi .

~~ cY daily , days 1-8 post inoculation ; h. GY single dose on day I;
X control - TA (~86 strain only.

__________________________________________ 
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Table 13

The E ffec t of V ary ing the l)ay of AdH nis t ra t ion of Cyclonhosphainide
on Surviva l and lEA ‘ l i ter  in Mice I~xper imcnta lly T ’ Iccted with TA 686

Strain of R. tsutsugarnushi

Day of CI Aza F UDR
Mministration 

~~~~ 1e (lose Continuous 
_____ _______of dru gU

_____________________ 
Survivorsh Fiter C Survivors Titer Titer Titer

V -l 26 20 0 - 320 80
• 0 . 33 ~0 15 40 640 160

1 44 80 10 40 640 160
2 36 80 20 160 640 320
3 5 8(1 28 160 320 160

4 0 - 33 80 320 160

5 0 - 31 80 640 160
• 6 0 — 5 160 640 160

7 0 - 80 80 320 160
Control 100 80 .100 80 80 160

a. 0 was day of inoculation of TA 686 strain.
b. percent.

c. reciprocal homologous IFA titer of sera pool from survivors at
28 days . 

-

— -
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Table 14

IC tsutsugamushi Titers in Normal and CI Treated Mice

— 

Strain 

—

~~~~~ P~S 

— 
______-____________ —

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
8mg 12 mg

TA 686 (avirulent)

Liver/spleen pools 5•6a 4.7 5.8 , 5.5 6.6 , 5.8
Peritoneal fluid 4 . 6 , 4 .2  5.2 , 4.5 5.3 , 4.8

Karp (virulent)

Liver / sp l een pools 6. 3, 6.5 NDb 7.3, 6.0
Blood 4.5, 3.3 ND 5.4, 3.8

a. Log10 values of separate experiments.
b. Not done.
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ant i hod~’ tj l  el- s pr esent( ~d in i~iI) 1C 13 arc from Sera

co] Iceted al 28 day s p°S~ ~~~~C U 1 • ~ t ion . The t i t e rs of t he 4 grc~~ 5

of cor) t ro l 
~CC v n r j ~~~ from 1/8~ to 1/160 Whi ch was not

si gn i fj ~~.1~~1 ly d i  Ilereflt from the t i t e r s  of th e  groups 
~~~~ CI

suhs c( lt~~I~t to th e  inOctIlatjnn of or~nnj~~ 5 Group5 givej) CI Prior

to or concul. rcnt w i t h  cl)alleflpe Usually had lower t i ters , hut the

sm aj j  f l tm~l)( ’ 1.5 of sur vj ~~)rs in thes0 group s may have distorted the

resu l t s  
~li~~ g i Ve f l  azath iopr ine had Si

~~~~~i f jc a f lt i  hi gher titers

thaj~ Controls at 28 days , but no difference was detected bet~~0~

Control and experj~~fl~~1 vai~0~ fOllowi~8 the a~~ j flj  5trat io of 5-Ri.
The ;‘nt jJ)ed~. response of ThjCC fol1ow~~8 ~~~~~~~~~ of the

TA 686 St r a in  wi th  drug trc~Itm ciit ~~~ StUdj C( l to dct • ne the
I)roducti011 of antihOd~ to each 01 the 9 PUt f ltj~ 0 pr ototy~ 0 Stra ins

The results are Pr(”;cfltcd u i  i’ab~ ~~~ The t i ters were close~~

associated in every case with tI)( Safle 5 strains This indicated

that 
~
fl
~flUflOStApJ)r dariy in the course of the 

~nfectjo~ did not
Thice.
allow addjtjonaj antigens to be expressed in comparison to controlThe Ifloculat io~ of homol ogou s convalescent sera had no effect

on the surviva l of mice Inoculated with CI. 1
~ en CI was given 90%

of the ThIc e di~~ follo~s.ing inocuJ~it~0~ with the TA 686 rcgard~~55 of
1/320 in ~~

the admin i st r a t i  of o.s ml of homologous antibOdy which titeredThe adm inj str at i 
of CI to mice in fected with an avirulent

Strain of p . tsu~~~ amushi increased the virulence of the strain in

the treated mice . T ese result s are Similar  to those found 
~~th

other r i ck ct tsj a  (Na zar et a1)l~ The cause of t h e  increased
virulence in R. tSutsuI~amush. is not as clear as i~ is in the other

rickett5~~1 
~~~~~~~~~~~~~ virulenc0 in i

~
fluno5upprc d mice

has be~~ correlated with increased growt h of the organi~~ in fl .
senflets~1 p. prowazelci P. ~~~~ and c. burn etj ;  hut we did not

~ corre~~~~~~ in R. 
~~~~~~~~~~~~~~~~~~ in Spl een~1 log10 differen t than in control animals

cells blood and pori toneal 
~~~~~~~~~~~~ mice WereIn this Study CI treated mice died following !flocUlatjon of a

flo~~a1ly non_lethal strain 
~~a ths were not m it iga~~~ by passive

In
~ un ity and mice Which had recovered from the infectjo~ Several

months before became rickcttsemic and a smafl ~ercentag~ died

f ollowing CI treatment These facts indicate that the increased

viru~~~~ ca~ no~ he solel y attr i
h to the inhibjtu0~ of

antibQd~ ProductI0~ Other IflVCstjg~~0~5 have Postulated a

flOflsp ~~~ 1~ tOXIC Cff ~~t of CI Which may be i
~~ortant in decreasing

the resistance of aninlals following inoculation of
avjrulent Strains or SPCCICS

There is generaj agree~0~~ that CI IS effcct~~ 0 in abor~j~~

ntibedy responses When given concurrently with Or soon after

__________________
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antigen (Ai seiil ~erg)~~ . In our system , the t i ters of the survivors
d id not appear to be re iu~ ed when compared to controls which had not
received CY. Tb is 1% - u s a result of the unavoidable bias of
necessaril y study ng the t i t e r s  in surv ivors and our choice of 2
days as a t ime to measure antibody production . Stocbnan et al.  6
showed that mice  g iven an equiva l ent dose of CI regained B cell
responsiveness at 10-14 clays . The organism pr -rsists for long
periods of time in mice ; and therefore, was able to act as an
ilivnunogen once the mouse had recovered B cell reactivity.

The increase in antibody ti ter following treatment with
azathioprine i~as not expected since the drug is widely used to reduce
the iuTnnune response to homografts. However , this property has been
used to advantage in the laboratory to produce hyperiinimme scra to
several strains which are poorly ant igenic.

A NEW CAPSULE FOR FEEDING CH IGGERS (ACARINA : TR~ 1BICULID~4E)

In the l i f e  cycle of t rombiculid mites , the larval stage or
chigger must feed on a vertebrate host. Thus , to maintain colonies
for Rickettsia ~~~~~ rnnushi transmission and general bionomic
studies , chiggers are usually fed on laboratory white mice. Two
basic feed ing methods have been employed at the Institute for Medical
Research in Kuala Lumpur. The ear feeding technique as described
by Nadchatrain ’7 has been used for both mass feeding and single
rearing , hut intensive observation of the feeding of the chiggers is
difficult as the mouse must often be anesthetized. The use of a
capsule (Baker et a1.~

8, glued to the back of a white mouse, has
been useful for feeding and provides a means of close observation.

The first capsule for the feeding of chiggers was constructed
from the screw top end of a toothpaste tube and was followed by the
use of a small piece of laboratory glass tubing that had been

j  
flanged to prcxide a greater surface area for application of glue
(Baker et al)10. This type of capsule has proved effective for
several years , however , a major disadvantage to this type of
capsule is the small area in which the chiggers are applied (5 m) ,
making observat ion of the feed ing chigger difficult .

The development of a new capsule was initiated in conjunction
with systemic acaricidal studies (Dohany et al.)1-9. Several types
of capsules were tried , including flanged tubing, the neck portion
of screw cap glass shell vials and the upper portion of disposable
hypodermic syringes with the rubber from the plunger acting as a
cap. None of these proved satisfactory for the intended purpose of
these studies. The most effective capsule proved to be a portion
of a container for a disposable hypodermic syringe (Figure 4).

To prepare the capsule , the expanded portion of a 2.5 cc
hypodermic syr inge container was cut off and the resulting hole
was smoothed of its rough edges . A nontoxic glue (Bostick
Universal Cement) was applied to the turned-under edge of the

- 
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capsule. ihe capsule ~:;e; then applied to the previously shaved
back of a gu i  i i pig, labora tory  mouse (Figure 5) , or silvered
lea f monkey (H ~uire 6) . ~1asI. uig I ripe was wrapped a rotrnd the
capsule and an rmul  to hold the capsule in place until t h e  g lue had
set , usuall y For one to two hours.

The p la s t i c  top of the contaiie’r was used as the cover for
thr capsule. Fi l te r  paper was cut to f i t  into the top and was kept
rn - -t t h i -oug hout its use. This moi :~turc prevented desiccation ofthe chi gger upon detaching .

1~hile apply ing the chiggers , a piece of lens paper is used as
a gasket between the cap and the capsule proper, thus preventing
escape of the unengorged chiggers. For laboratory mice the cap is
removed a f te r  al l  the chi ggers attach to the host, and the engorged
chigeers arc collected Irom a pan of water as described by Baker Ct
al. 1& This method has been uscd for approximatel y one year with
good success for the rea r ing of colonies of scrub typhus vector
chiggers (Lcptotrombidium spp .) .  Alternatively, the cap can be
left on and~the chi ~~s~c~in be collected at specific intervals.
Usually the chiggers move to the top of the capsule upon
d I sengag ing and become trapped in the moisture droplets of the
cap, allowing for easy collection .

Mvantages of this capsul e over the glass tubing capsule
include: (1) ease of production (used hypodermic syringe containers
can be obtained from most hospitals), (2) an increased feeding area
allows for an increased number of chiggers to feed and easier
observation of feeding chiggers , and (3)~a tight fitting cap isincluded .

DEVELOPMENT OF AN ANIM(~L MJDEL FOR R. TSUTSUGAI¼IUSIII

The laboratory mouse has been used for many years for the
isolation of R. tsutsugamushi and as an animal model for the study
of R. tsut ugamush i infections. J1ow~ vcr , the requirement for a
larger, intermediate animal model is well recognized. Work in this
laboratory has shown that silvered leaf-monkeys, Presbytis
cristatus , are susceptible to infection with R. t sutsugamushi.
1~ollowing intradermal inoculation with virulent prototype strainsthe monkeys developed fever, eschars, lymphadenopathy, rickcttscmia ,
and specific antibodies -to the infecting strain. However, there
were several drawbacks to the use of silvered leaf-monkeys: (1) the
supply is not unlimited; (2) shipping of the animals would be
impossible, di fficult or impractical, thus geographically l imiting
their usc; (3) some captured animals have shown evidence of prior
natural infections ; (4) many animals are lost (up to 40 50%) during
the conditioning period; and (5) the apparent inability to restrain
leaf monkeys for a sufficient period of time to allow chiggers in a
capsule to feed to repletion seriously jeapordized the potential
use of this animal as a satisfactory model for scrub typhus.
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These find in~s prompted us to pursue the dcveloi ncnt of an
intcrmedia(e animal model on a 1)road front . During the past year
other anima l s  have been considered and studied , and the above
mentioned problems associatc(l with the use of silvered leaf-monkeys
have been reexamined with the obj ective of overcoming or reducing
the limitations.

Serolog ical studies 2° have indicated that the dog is often
naturally infected in endemic areas. This observation plus the
results of recent studies with R. rickcttsii which clearly
demonstrated that the dog is a good mcxfel for the human disease
prompted investigation of the dog as a possible animal model for
R. tsutsuganiushi infection . Additionally, dogs are easily acquired ,

~an be handled readily, have been previously used in wel l documented
laboratory studies in whi ch ectoparasites in capsules were allowed
to successfully feed , and are one of the animals on which an
enormous amount of basic biolog ical data has acctmiulated.

In addition to the dog we have recently studied experimental
infections in horn-- and raised-in-captivity cynomolgus monkeys.
Early studies with this species ind icated that it was relatively
resistant to disease following experimental inoculation with R.
tsutsugamushi, and previous reports from this laboratory indiVcated
that the resistance to disease in wild caught cynomolgus monkeys
may be due to immunity resulting from prior infection , since
antibody was detectable in a large number of sera collected from
wild caught animals. 21

Studies on dogs and cynomolgus monkeys are still in progress
and final conclusions on their potential as a model for R.
tsutsugamushi must await completion of these studies.

The other approach in the development of an intermediate
animal model consisted of further examination of the silvered leaf-
monkey with the objective of overcoming factors which appeared to V

limit its use.

It is highly desirable in some studies to infect animals by
the natural route (i.e. feeding of infected chiggers). Thus, a
means of producing chigger-transmitted disease in controlled
studies is essential to the development of a reliable intermediate
animal model. As was mentioned above early attempts in this unit
to develop a reliable and predictable means of producing chigger-
transmitted infections in silvered icaf monkeys failed due to the
inability to restrain the animals sufficiently long to allow
chiggers to feed to repletion.

Studies have been initiated to develop a more suitable means of
restraining silvered leaf-monkeys. In preliminary trials, using
a newly designed restraint chair, silvered leaf-monkeys have been
restrained for a period of 5 days, sufficient to allow chiggers to
feed to repletion.
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SYSTI-MJC ACAPrCIDE TLSTS USING D1METJ 1OATE FOR TIlE CONTROL
OF CJ UGGFRS

Ac ar i c i d a l spray ing for the cor ’ r~ l of chi ggers frequently is
not f ’- a s ih l e .  The h a b i t a t  for the vectors , part icul ai - ly  scrub
habi tat  of L. (L .)  deliense , is often too dense to pci-mit ease of
spray ing or e f f e c t i ve  coverage. ;~~ o f a systcm i.c aca ri cid e ,
p ar t i cu l a r ly  in conj unction with ot he r contro l measures , could
prove valuable in certain situat I ~ns.

Systemic insecticides are effective in the control of numerous
insects a ffecting animals , particularly cattle grubs, fleas , lice
and ticks . Dimethoate used systemically has proven successfu l in
the control of chiggers in l aboratory tests in the Un ited States
(Dohariy Ct al , to  he published) and in Malay sia (Dohany, unpublished
data) . h)imcthoate is a general usage organop hosphate insecticide
which is rapidly eliminated from the animal .

An area located on the Kuala Selangor--Kuala Lumpur road was
selected for a preliminary study . The site consisted of a small
island o forest surrounded by lalang. A grid system of 120 traps
and 50 dimethoate bait stations was established . Bait, consisting
of 0.01 per cent dimc’thoate mixed with a 1:1 ratio of ground corn
and nib , is maintained in the bait stations. The bait is removed
only during trapp ing periods. Rodents are trapped for 4 nights of
each month . The chiggers are removed from the rodents and the
rodents are marked and released for retrapping . A control site
separated from the study site, was established in the same general
area with 70 trapping locations. Acceptanoe of the bait has proved
to be good and initial results indicated that there is considerable
reduction in the ch igger population within the dimethioate area
(Figure 7). Although reduction has occurred , complete control has
not been obtained due to iii~nigrat ion of rodents from adjacent lalang
arid nearby forests. Future studies will be concentrated in a
location in which such immigration of nontreated rodents does not
occur .

DISEASES OF MILITARY 1~)RKJNG DOGS

Tropical Canine Pancytopenia

Since the early 1970’s USAMRIJ has provided minimal technical
support to the Canine Unit of the Malaysian Armed Forces. The unit
is located at the Jungle Warfare School , Pulada , Johor I3ahru .
Pulada is utilized as a home base for dogs used in operations as
well as training and breeding. The initial support consisted
primarily of surveillance for tropical canine pancytopcnia (TCP), a
disease which was responsible for the death of approximately 300
U.S. mili tary dogs in Vietnam. In the 1960’s numerous mili tary ,
police , and priv ately owned dogs died of the disease in Singapore
and I’til aysia. this included a large number of dogs “ - the Jungle
Warfare School at Pulada.
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l3cfo re a snrol ogica 1 est became avail ahi o period i.c
hcmatolo ’ ica l  examina t i ons providcd the only pi act ica l  means of
s u r v e i l lan c e .  W i t h  I he development of a rere logica l  test for
fu rl ichia ~ V W  i s , the cau~ative ac:cnt of TCP , a more dcli n i t  ive
means oi~ident I fy ing infected animals  became av a i l a b l e ,  h i  th  the
collaboration of invest i gators at 1\RA IR and the Univers i ty  of
I l l ino i s , periodic serolog ical  examinations have tx-cu made on the
dogs at Pu]ada .

The Canine Un i t  at Pulaci a has afforded an excellent opportunity
to observe and study selected clinical and epidemiolog ical aspects
of diseases of mil i tary working dogs and the eff icacy of various
therapeutic and prophylactic measures in treating and controlling
these diseases.

Following the report of Myx Ct a l . 22 , which showed that dogs
given tetracycline hydrochloride orally at a daily rate of 3 mg pcr
pound body weight were refractory to infection with E. canis, a
decision was made in 197 2 to give each dog in the unIt one 250 mg.
capsule of tetracycline hydrochloride in its daily feed. The policy
ha~ continued for four years.

Scra collected in 1972 from 22 dogs were tested for antibodies
to E . canis in the immunofluorescence test. Seven of these sera
contained demonstrabl e antibody. Since E. canis has been shown to
produce infections which persist in untr~ated dogs for many years,one can ass!mlC that many , if not all , of the dogs serolog i cal ly
positive in 1972 were indeed infected despite a lack of overt
clinical signs . These findings also providb evidence that the
organism is endemic in the areas in which the dogs are trained and
uti lized.

Since 1972 there has been no clinical evidence of infection in
the unit. Recent serological studies on 50 dogs showed that only 2

V dogs had titers to I. canis, and in both instances the titers were
low (1:20). In add ition no untoward side effects from continuous
administration of tetracycl ine have been observed , and no impairment
of training or working capabilities of the dogs has occurred.

These studies plus those recently reported from Thailand23 have
demonstrated that TCP can he controlled in military dogs by daily
administration of tetracycline without untoward effects.

Chronic Anemia in Military Dogs at Pulada

r~iring the past two years a large number of the 60 military
dogs of the Malaysian Army at Pulada in Johor Bahru have developed
an anemia wh ich rendered them incapable of duty. Sonc dogs have had
repeated episodes. Serological evidence indicated that the cause
was bahesiosis. Blood inoculation studies confirmed this diagnosis.
Five normal dogs were inoculated with the blood of five military
dogs with low packed ccli volume. Of the five dogs inoculated two

— —~ u - ~~~~~~~~~~~~~~~~~~~~~~~~ 
- —p-- — -

~~~ 
- 

~~~



- - - — —- 

SO 

- - - - - - - ---—

developed c l i n i c a l  signs typical of habesiosis with Bahesia
gib-e-

~ni organisms visi t )1 e in blood m~v ’a rs - Four of the ii~’e
i nocti l ated do~c cc n’-erted fro m negat ive to posit lye for ha ir - ;ia
on serolcr~ical exej~ inat ion .

babe siosis probably goes unrecognized in many pet dogs which
are seldom requ i red to do vi gorous work or exercise. On the
other hand , tl-~e militar y do~ is exercised over a prescribed course
on a r egular basis and any loss of stamina becomes irruned iately
evident to the dog ’s handler .  The anemia , which is often severe
renders the dog incapable of conrp let in~’. a course , or worse ,
incapable of properly performing field duty . These dogs are being
utilized as tracker dogs in jungle t e r ra in  and are sent out
routi nel y m r  duty .  The dogs then return to Pulada to ~V I1 t for
reassignment . In order to combat the problem of hahesiosis in this
group of m i l i t a ry dogs more information is required concerning the
clinical  disease , the cp idem iology , and effective means of
treatment or control.

AGEMENT OF TROP I CAL LABORATORY AN IW~L RESOURCES

Respons ib i l i t i e s  are shared with IMR for production of
research animals. The major effort  is related to mouse production
althoug h rabbits , guinea pigs , hamsters , rats and gerbils are also
bred. Approximately 100,(XX) mice are produced each year and USA~~U
uses al)out (iO°~ of that ni.niiber.

A group of silvered leaf-monkeys were acquired and conditioned
for use in scrub typhus work . This species is extremely fragile ,
and of 51 animals acquired only 26 survived the conditioning
per iod. Necropsies were performed on all dead anim als , however, few
lesions were seen . Tissues were collected from some animals for
histolog ical exam i nation , and the cause of death was generally felt
to be of enteric ori gin.

cynomolgus Monkey Breeding Colony

Reports in the literature based on serological studies indicate
that a large number of wi ld caught cynomolgus monkeys have been
naturally exposed to scrub typhus . In order to supply monkeys which
had not previously been exposed to scrub typhus a breeding colony
was ini t iated. The f a c i l i t y  used to house the colony has a concrete
floor and consists of a wooden supporting frame with 2” x 2” wire
mesh walls and a zinc sheet roof. Piped water is available for
cleaning and general sanitation purposes. The colony consists of
two groups comprised of a male and ten females . Each group is kept
in an area approximately 8 feet wide , 12 feet long and 7 feet high.
All breeders were tuberculin tested and found to be negative by
intradermal test. In addition , each animal was cultured and found
to be free of enteric bacterial pathogens and underwent a minimum
of two treatments with lcvarniso1c~ until no intestinal parasite ova
*Nilvcrm - Imperial Chemical Industries Ltd., Cheshire , Eng land.
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were present in stool samples examined by flotation .

The f i r s t  group was p laced together in September 197 5 and the
second group was placed together between December 1975 and March
1976 . Some d i f f i c u l t y  was encountered wi th the second group and
severa l animals ‘~o’re mauled and/or k i l l ed  be fore ii compatible
grouping could he arranged . Thus , in the second group there was an
adjustment period over ~i’y~ al months with culling and replacement
of incompatible animals.

There have been eight births in the first group although only
five are surviving. One infant was stillborn and two were killed
shortly after birth. Since the last death occurred a new procedure
has been instituted whereby pregnant females arc placed into smaller
cages within the gang cage room . They are left in the gang cage
room so their  association with other members of their group is not
severed completely. It was.felt that complete severance of this
association might cause fighting when the females were reintroduced
af ter weaning of their infants at 6 months of age.

At present there is a female in the advanced stages of pregnancy
in the first group and three pregnant females in the second group.

Infants are weighed once each month and recordings are made of
tooth eruptions and weights.

I
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