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Plague in Central Java, Indonesia
J. E. WILLIAMS,1 B. W. HUDSON,2 R. W. TURNER,3
J. SULIANTI SAROSO,4 & D. C. CAVANAUGH 5

Plague in man occurredfrom 1968 to 1970 in mountain villages ofthe Boyolali Regency
in Central Java. Infectedfleas, infected rats, and seropositive rats were collected in villages
with human plague cases. Subsequent isolations of Yersinia pestis and seropositive rodents,
detected during investigations ofrodentplague undertaken by the Government ofIndonesia
and the WHO, attested to the persistence ofplague in the region from 1972 to 1974.

Since 1968, the incidence of both rodent and human plague has been greatest from
December to May at elevations over 1000 m. Isolations of Y. pestis were obtainedfrom the
fleas Xenopsylla cheopis and Stivalius cognatus and the rats Rattus rattus diardii and
R. exulans ephippium. The major risk to man has beenfleas infected with Y. pestis ofunique
electrophoretic phenotype. Infectedfleas were collected most often in houses.

Introduced in 1920, rodent plague hadpersisted in the Boyolali Regencyfor at least 54
years. The recent data support specific requirementsfor continued plague surveillance.

Plague was introduced into Java late in 1910 and
spread rapidly over the eastern quarter of the island
(1). Large scale epidemics commenced in Central Java
during 1915 and in West Java during 1923 (2-3).
Overall, for the 217 550 cases recorded for the'period
1911-39 the mortality rate was 99070 (4-6)." However,
few clinically mild cases were included in the
morbidity statistics, physicians being fully occupied
with severely ill patients. A more accurate mortality
rate during these years was later estimated as 70-80%
for patients with bubonic plague (7, 8), while those
with pneumonic plague almost invariably died.
Chemotherapy reduced the mortality rate from plague
to 46% of the 8307 cases recorded for the period
1951-60 (3).
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Human plague was not reported in Java between
1961 and 1967.b However, the disease reappeared in
the mountain villages of the Boyolali Regency in
Central Java from 1968 to 1970 (9J11).C This area, in
the Jawa-Tengah Province, is situated on the eastern
slopes of two adjacent volcanoes, the active Merapi
(altitude 2925 m) and the dormant Merbabu (altitude
3150 m) (Fig. 1). Villages extend up to 1600m. It is an
area of intensive agriculture and dense population,
averaging over 695 inhabitants per km2 a Between
1968 and 1970, human plague was confined largely to
the remote and relatively inaccessible highlands that
separate the summits of the two volcanoes in the sub-
districts of Selo and Tjepogo. Medical facilities in the
area were limited, and the mortality from plague was
35%7o of the documented cases.
Human plague was first diagnosed in the Boyolali

Regency in 1915 (1 case) and 1916 (3 cases) in people
who apparently contracted the disease elsewhere in
Java (7). Nevertheless, the Government ofthe Nether-
lands East-Indies initiated a programme of plague
control in the Regency. Emphasis was placed on struc-
tural reconditioning of dwellings to eliminate rats (12,
13) and, between 1916 and 1918, 2376 houses were so
improved (7). Plague was not seen again between 1917
and 1919, but rat plague invaded Boyolali Regency
from the north and west in 1920. In that year, 14
human cases were recorded, and plague in epidemic

b BYTCHENKO, B. Plague as a continuing world problem (1961-
1975) (Unpublished document WHO/BAC/PL/76. 1, 1976).

C CHAMSA, M. Assignment report on investigations in plague
epidemiology, Bojolali, Java (Unpublished WHO document SEA/
Plague/8. 1970).
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Fig. 1. Map of Central Java for the region within 1090-1120 E and 70- 8° S. Elevations given in metres. Areas at 1000 - 1800m
are shown in black; white areas within the black are over 1800m.

proportions began in 1921 (1921: 2735 cases; 1922:
2513 cases; 1923: 1532 cases). The plague control
measures instituted included the detection and
isolation of plague cases and contacts, education of
the public about the disease, house cleaning and other
measures for flea and rat control. The effort to
exclude rats from dwelling-houses was intensified
(10 920 houses being remodelled during 1922 and
1923) and continued for some years thereafter. The
epidemic subsided and very few cases were seen in the
Boyolali or other Regencies of the Merapi-Merbabu
area after 1929 (14). By 1933, it appeared that the
disease had totally disappeared from this region (2).
However, an outbreak in Boyolali Regency in 1937,
with 14 deaths, indicated that it had not (4). More
recent episodes of human plague in 1957d (15), 1968
(9, 10), 1970e, and of rodent plague from 1972 to
1974f (11) support the conclusion that a persistent,
natural focus of plague exists in Boyolali Regency.
The epidemiological implications of data from

recent investigations of rodent plague (1968-74) in the
Regency are examined in this report.

METHODS

During the 1968 epidemic, most available resources
were employed in controlling human disease (detec-
tion, isolation, and treatment of cases; case investi-
gations, including location and care of persons
potentially exposed; vaccination of persons at risk;
flea control by insecticide applications) (9, 10) and
studies of rodents and fleas were necessarily limited.

d BAHMANYAR, M. Final report on plague control in Indonesia
(Unpublished WHO document SEA/Plague/2.Add. 1.1958).

e CHAMSA, M. see footnote c, page 459.
f TURNER, R. W. see footnote a, page 459.

However, rodents found dead were identified and
autopsied, and suspect tissues were inoculated into
guinea pigs in attempts to isolate Y.pestis. Fleas
removed from carcasses or from live rats were ident-
ified, pooled, and inoculated into guinea pigs.
Homogenates of flea or rodent tissues were also
placed in bacteriological transport-media (17) that
were shipped to central laboratories and used to
isolate Y.pestis.

Following the suppression of human disease,
rodent plague was investigated intensively to assess the
effectiveness of plague control measures. From late
April to mid-July 1968, work was concentrated on the
collection of rodents and fleas from dwelling-houses,
and, between mid-July and September 1968, on col-
lections from outdoor habitats. Rodents were trapped
alive, disinfested, bled for serum specimens, identi-
fied, and autopsied. Ectoparasites were collected,
identified, and pooled. Triturated flea or rodent
tissues were inoculated into mice or guinea pigs. These
studies were repeated in 1970, during a limited out-
break of plague, and from 1972-74, when confirmed
human plague was absent.

Isolates of Y. pestis were characterized by the
standard bacteriological methods (16, 17). Strains
isolated between 1972 and 1974 were tested with drug-
impregnated discsg to determine sensitivities to
streptomycin and tetracycline (18). In addition, the
strains isolated during 1968 were examined by
discontinuous polyacrylamide gel electrophoresis with
tube gels in an adaptation of the Davis-Ornstein tech-
nique (19-23). Strains isolated between 1968 and 1974
were similarly examined using a slab consisting of a
3.67o polyacrylamide stacking gel of pH 6.7 over a
10% sodium dodecylsulfate (SDS)-polyacrylamide
separation gel of pH 9.3.

g From Difco Laboratories, Detroit, MI, USA.
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Table 1. Flea infestation rates for the Boyolali Regency, 1972-74

Percentage of total fleas
Host Location of Total no. of No. of Flea
species host capture fleas collected Xenopsylla Stivalius Neopsylla hosts examineda indexb

cheopis cognatus sondaica

Rattusrattus houses 14458 84 16 < 1 5523 2.6

out of doors 237 28 65 7 66 3.6

R. exulans houses 1 073 41 53 6 837 1.3

out of doors 6 325 4 76 20 5 310 1.2

R. tiomanicus houses 283 20 74 6 91 3.1
out of doors 584 14 76 10 234 2.5

R. niviventer houses 24 46 54 0 17 1.4

outof doors 344 5 88 7 359 1.0

Suncus murinus houses 110 100 0 0 43 2.6

Total houses 15948 80 19 1 6 511 2.4

out of doors 7 490 5 76 19 5 969 1.3
all locations 23438 56 37 7 12480 1.9

Numbers given reflect the relative abundance of the host species.
b All fleas.

Following recommendations of the WHO Expert
Committee on Plague (24), the passive haemaggluti-
nation (PHA) test was used to detect Y.pestis anti-
body in rodent sera. The PHA tests utilized aldehyde-
treated sheep erythrocytes sensitized with the specific
Fraction-I (FI) antigen of Y.pestis (25-27) and were
controlled with positive and negative sera prepared in
laboratory rabbits and rats. Specificity of the PHA
reaction was confirmed with concurrent tests for
haemagglutination-inhibition by addition of Fl anti-
gen to the-test diluent.

RESULTS

Rodent-flea associations
When rodent and flea bionomics were investigated

from 1972 to 1974, the environment was generally free
of influences that could disrupt the typical distri-
bution of species (e.g., pesticide campaigns) (11, 28).*h
Small mammals were captured within houses and in
outdoor habitats in approximately equal numbers
(Table 1). Four species of rat (the house rat, Rattus
rattus diardii; the Polynesian rat, R. exulans
ephippium; the Malayan wood rat, R. tiomanicus; the
white-bellied mountain rat, R. niviventer) represented
99Gb of 12 597 mammals trapped. R. rattus was most

h TURNER, R. W. ET AL. Reproductive and demographic
parameters of Rattus exulans and its role as a reservoir of plague in
Central Java. (Unpublished document WHO/VBC/74.495, 1974).

frequently collected from houses, while the other rats
were more often taken out of doors. House shrews (43
Suncus murinus) and field mice (50 Mus cervicolor)
were also captured. Three species of flea (Xenopsylla
cheopis; Stivalius cognatus; Neopsyllasondaica) were
collected in significant numbers. Most of the
X. cheopis came from animals trapped in houses,
whereas S. cognatus and N. sondaica were more
abundant on animals taken out of doors. The highest
flea indices (2.5-3.6 per host) were discovered on
R. rattus, R. tiomanicus, and S. murinus (Table 1).
Only four X. cheopis were found on the 50 M. cervi-
color collected in fields (0.1 flea per host). Surpris-
ingly, the average flea index was higher for R. rattus
captured out of doors (3.6 per rat) than indoors (2.6
per rat). On the other species more fleas were found on
rats trapped in houses.

Distribution ofY. pestis isolationsfrom rats andfleas
Thirty-five strains of the plague bacillus were

isolated from fleas and rats collected in the Boyolali
Regency between 1968 and 1974 (Table 2). Plague
infection was detected only in the vectors X. cheopis
and S. cognatus, and the hosts R. rattus and
R. exulans. On one occasion, infected S. cognatus
were collected from R. tiomanicus trapped in a ravine
(Table 3), but all isolation attempts from R. tioman-
icus were negative. Hundreds of R. niviventer and
N. sondaica were tested and also found negative for
infection with Y. pestis.
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Table 2. Yersinia pestis strains isolated within houses and
out of doors in the Boyolali Regency

No. of strains (1968-74)

Source Houses Out of doors Total

Xenopsylla cheopis 13 3 16 (46%)

Stivalius cognatus 1 3 4 (11%)

Rattus rattus diardii 9 0 9 (26%)

Rattusexulans 5 0 5(14%)

Unidentified rat" 1 0 1 ( 3%)

Total 29 (83%) 6 (17%) 35

a An isolation from pooled spleens of R. exulans, R. tiomanicus,
and R. niviventer collected on 6 January 1970.

The incidence of rodent plague, like human plague,
was greatest at altitudes of 1000 m or more and was
inversely proportional to human population density
(Table 4). Infected X. cheopis and S. cognatus were
collected in houses and out of doors in areas over
1000 m, while at lower elevations only infected
X. cheopis were detected and then only in houses
(Table 3). The relative chances of encountering an
infected flea was 6:3:1 in houses above 1000 m, out of
doors above 1000 m and in houses below 1000 m,
respectively. No infected rats were found in outdoor
collections but only in houses. Above 1000 m, plague
was encountered in both R. rattus and R. exulans,
whereas at altitudes less than 1000 m, only R. rattus
was infected (Table 3). From 1972 to 1974, rodent
plague was confined to three adjacent villages on the
northeastern side of the Merapi volcano at elevations
between 1250 and 1800 m. However, during the out-
breaks of human disease from 1968 to 1970, villages
down to 600 m above sea level were also infected.

While most cases of rodent and human plague
infection occurred during the first four months of the
year (Table 5), infected S. cognatus were found on
R. exulans captured in May 1972 on Merapi several
hundred metres higher than the nearest village. In
June 1972, rat plague appeared in two neighbouring
villages on the slope of Merapi near the site of the May
isolation. Six strains of Y. pestis were isolated in 1972
(Table 6). Additional strains were isolated in
December, 1973 and in February, 1974, both from the
hamlet of Pentongan, where 4 cases of human plague
had occurred late in December, 1969'.

CHAMSA, M., see footnote c, page 459.

Table 3. Isolations of Yersinia pestis from fleas and rodents
collected in the Boyolali Regency between 1968 and 1974

No. Dates for
of isolations

Region Source of iso- Collection (number of
Y. pestis lations site isolates)

Specimens X. cheopis 7 houses Mar. 1968 (4x),
collected ex R. rattus Jan. 1970,
at altitudes May 1970,
greaterthan June 1972
1000 ma

X. cheopis 4 houses June 1972 (2x)
ex R. exulans cropland Jan. 1970,

Feb. 1970

X. cheopis 2 house Jan. 1970
ex unidenti- cropland Jan. 1970
fied rat b

X. cheopis 1 house Feb. 1970
ex flea-trap

S. cognatus 3 house June 1972
ex R. exulans cropland Jan. 1970

woodland May 1972

S. cognatus 1 ravine Feb. 1974
ex R. tio-
manicus

R. rattus 6 houses Jan. 1968(2x),
Feb. 1968,
Jan. 1970,
Apr. 1970,
Dec. 1973

R. exulans 5 houses Jan. 1968,
Jan. 1970 (3x),
June 1972

Unidentified 1 house Jan. 1970
rat b

Specimens X. cheopis 2 houses Mar. 1968 (2x)
collected ex R. rattus
at altitudes
less than R. rattus 3 houses Mar. 1968 (3x)
1000 mc

a Villages of Wonodojo, Samiran, Nglentjoh, Senden, Djeruk,
Tarubatang, Suroteleng, and slopes of Merapi.
b Fleas or spleens from different rat species wvere pooled.
c Villages of Tjandigatah, Tjabejankunti, Djelok, Kembangkuning,

and the city of Boyolali.

Characteristics of Y. pestis isolates
Strains isolated since 1968 have been of Y. pestis

var. orientalis or oceanique identified by their ability
to reduce nitrates but not to acidify glycerol (29, 30).
All strains possessed Fraction I and VW antigens,
the PCF complex (pesticin 1-coagulase-fibrinolytic
factor), and exhibited pigmentation. However, the
Y.pestis from fleas, unlike those from rats, have
included many lacking VW antigens (31). Tests of
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Table 4. Plague at altitudes above and below 1000m in the Table 6. Yersinia pestis strains isolated between 1972 and
Boyolali Regency 1974 in the Boyolali Regency

above 1000 ma below 1000 mb

Total population (1973) 22 027 37 995

Population density
(per km2 in 1973) 505 918

Confirmed cases
of human plague
(1968-70)c 102 (95%) 5 ( 5%)

Suspect cases of bubonic
plague (1972-74)d 78 (87%) 12 (13%)

Isolations of Y. pestis
from fleas and rodents
(1968-74) 30 (86%) 5 (14%)

a All villages in the subdistrict of Selo plus the villages Wonodojo
and Genting in the subdistrict of Tjepogo.
b All villages in the subdistrict of Tjepogo except Wonodojo and

Genting.
c Data from Chamsa (Unpublished WHO document SEA/Plague/

8.1970) and Turner (11).
d Individuals demonstrating high fever and painful regional

lymphadenitis who received antibiotic therapy before specimens for
diagnostic bacteriology could be obtained. Data from the records of
the Boyolali Regency Health Services.

Y. pestis strains with streptomycin and tetracycline
indicated complete antibiotic susceptibility.

Elev-
Sub- ation

Date district Location4 (m) Source

14 May Selo Merapi 1800 Stivalius cognatus on
1972 Rattus exulans caught

in acacia woodland

19 June Tjepogo Kenteng, 1250 Stivalius cognatus on
1972 Wonodojo Rattus exulans caught

in house

21 June Selo Bulurejo, 1500 Xenopsylla cheopis on
1972 Suroteleng Rattus rattus caught in

house

21 June Selo Bulurejo, 1500 Xenopsylla cheopis on
1972 Suroteleng Rattus exulans caught

in house

22 June Selo Bulurejo, 1500 Rattus exulans caught
1972 Suroteleng in house

23 June Selo Bulurejo, 1500 Xenopsylla cheopis on
1972 Suroteleng Rattus exulans caught

in house

16 Dec. Selo Pentongan, 1500 Rattus rattus caught in
1973 Samiran house

18 Feb. Selo Pentongan, 1500 Stivalius cognatus on
1974 Samiran Rattus tiomanicus

caught in ravine

a Hamlet and village.

incidence of plague in the Boyolali

Number of Y. pestis
No. of isolations from

Month plague cases fleas and rodents
(1968-70)a (1968-74)

January 42 13

February 37 4

March 12 9
April 12 1

May 0 2

June 0 5

July 0 0

August 0 0

September 0 0
October 0 0

November 0 0
December 4 1

The electrophoretic profiles for proteins of the 6
Y.pestis strains isolated in 1972 and of the strain
isolated in 1974 were indistinguishable (Fig. 2). They
were characteristic of those observed for plague
strains isolated in the Boyolali Regency during and
prior to 1968. The electrophoretic profile of the
Y.pestis strain isolated in 1973, however, was
distinctly different and resembled those of strains that
had been isolated during 1957 from the Wonogiri
plague focus on the western slopes of Gunung
(Mount) Lawu (Fig. 1) east of the city of Surakarta
(20).

Serological surveillance
Serological data confirmed isolation data demon-

strating the almost exclusive involvement of
R. exulans and R. rattus with rat plague. After the
1968 outbreak of human plague, 2 seropositive
R. rattus were trapped in houses, and 21 seropositive
R. exulans were detected (Table 7)- 14%o from
houses, 57% from cultivated land, and 29% from
uninhabited woodlands. Some antibody titres were as
,high as 1:8192 (the highest serum dilution tested).

Table 5. Seasonal
Regency

B Data from World Health Statistics Report, 22: 529(1969), 24: 584
(1971) and Chamsa (Unpublished WHO document SEA/Plague/
8.1970).
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As a rule, villages with seropositive rats also had
cases of human plague. One to three months after the
last plague case in the 1968 epidemic, as many as 9.2%
of the R. exulans and 1.7% of the R. rattus were
seropositive, whereas at 4-5 months after the
epidemic, the proportion of seropositive R. exulans
had fallen to 1% or less, and of the few R. rattus
tested, none were seropositive (Table 7).

Table 7. Passive haemagglutination antibody to the specific
Fraction I antigen of Yersinia pestis in rats collected in the
Boyolali Regencya

Villages with
All villages sampledb seropositive rats

Dates R. exu- R. rat- Other R. exu- R. rat- Other
lans tus rats c lans tus rats c

Postepidemic
period, 1968:d
29April- 19/674 2/473 0/97 19/207 2/117 0/48
18 July (2.8%) (0.4%) (9.2%) (1.7%)
24 July - 2/334 0/29 0/36 2/194 0/24 0/19
4 Sep. (0.6%) (1.0%)

Quiescent
period, 1974:
July- Dec. 0/490 0/628 0/88

a For each species and each date, the numerator equals the number
of sera that demonstrated complete haemagglutination at final serum
dilutions > 1:16; the denominator equals the total number of sera
tested.
b Includes villages with seropositive rats plus other villages

sampled.
c Rattus tiomanicus, R. niviventer, and R. argentiventer.
d The last clinically diagnosed cases of human plague were

observed on 26 April 1968.

In contrast to the 1968 epidemic period, seroposi-
tive rats were seldom found during the period
1972-74. Serological tests performed on over 7500
rodent sera collected in the Boyolali Regency between
1972 and mid-1974 detected only 3 seropositives
(R. rattus, May 1972 and February 1973; R. exulans,
October 1973). Another 1206 rat sera collected late in
1974 were all seronegative (Table 7).

DISCUSSION

Mechanisms for transmission of plague among
rodents
X. cheopis and S. cognatus are the important flea

vectors while R. rattus diardii and R. exulans
ephippium are the significant rat hosts of the plague
bacillus in the Boyolali Regency. R. rattus and
X. cheopis have been collected most often in build-
ings, where contact with man occurs readily, while
R. exulans and S. cognatus have generally been taken
in field or forest habitats at elevations of 800 m or
more (7, 11, 28). However, these fleas and rodents fre-
quently coexist at higher elevations (Table 1) and, in
January 1970, one infected R. rattus and one infected
R. exulans, and some infected X. cheopis infesting
those rats were all collected simultaneously in the same
trap set in a house!j

Because field rats often frequent dwelling-houses
and because of the year-round abundance of rats and
fleas in houses, it has been impossible to distinguish
wild rodent plague from domestic rat plague in the
Boyolali Regency, but the habitats provided by build-
ings may have served to amplify and spread a plague

i CHAMSA, M., see footnote c, page 459.
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infection permanently established in natural habitats.
Some observations suggest that infected S. cognatus

on field rats may have initiated epizootics among
house rats. The "plague season" (December-May)
has coincided with those months when the S. cognatus
and R. exulans populations achieve maximum density
(28), and not the months of maximum flea-index for
X. cheopis (September-November) (7). The sequence
of plague infections in 1972 supports this hypothesis.
Y. pestis was first detected in S. cognatus infesting
R. exulans in an uninhabited area high on Merapi
2 km from the nearest village. Subsequently, infected
S. cognatus on R. exulans were found in a house in the
vicinity but at a lower elevation and, within days, a
pocket of plague in R. rattus and X. cheopis was
detected in a neighbouring village.
The spread of plague to new villages probably

occurred from the movements of infected rats or by
transport of infected fleas on rats moving from one
village area to another. Overall, approximately 2% of
the rats captured out of doors in Boyolali Regency
have been R. rattus (7, 11). These rats were most
certainly en route to other buildings, as extensive
studies in the Boyolali area failed to find R. rattus in
outdoor burrows (7). The role of R. exulans in the
spread of plague appears to have been important at
altitudes over 1000 m (28), above which altitude all
isolations of Y. pestis and all seropositives from
R. exulans have been detected. Below 1000 m R. rattus
has been the only rat found infected with Y. pestis.
The house shrew, Suncus murinus, has been found

in Java with natural plague infection (7) or carrying
plague-infected X. cheopis.k This shrew, which
possesses considerable resistance to experimental
plague infection (15), has been observed to increase in
numbers in plague-infected villages (32), and could
have supported infected fleas. In Central Java,
S. murinus have been found in villages under 1500 m
elevation (28). The role of the house shrew during
epizootic-epidemic periods remains unclear. None of
36 S. murinus collected from infected villages immedi-
ately following the 1968 epidemic had FI antibody,
although seropositive shrews have been detected in
Viet Nam (33). The spread of plague may have
resulted, in part, from the movements of shrews (34).

Cannibalism of plague-infected carcasses by
rodents or shrews (35) or chronic plague infections
(36, 37) may have played a role in the natural plague
cycle in Boyolali Regency.

Y. pestis protein variants

The ecological and epidemiological significance of
the different electrophoretic types of Y. pestis remains
unknown. Y. pestis strains tested from the Boyolali
area always contained a distinct protein constituent

k BAHMANYAR, M., see footnote d, page 460.

representing as much as 10% of the total cellular dry
weight (19-23). The plague strain isolated in 1973,
however, did not exhibit such an abundance of this
protein, and other differences from previous Boyolali
isolates were noted. The 1973 isolate was more rep-
resentative of Y. pestis strains isolated elsewhere in
Java and in other countries and may have been intro-
duced from some other plague focus.

Plague surveillance

In the Boyolali area, most plague in man and
rodents has occurred during the first four months of
the year. However, it may occur at other periods of the
year, as in 1957 when bubonic plague was contracted
in August.k The importance of plague surveillance
immediately preceding and during the "plague
season" has been obvious. Nevertheless, fleas and
rodents have been found in houses during all seasons
of the year, and the threat of plague in the Boyolali
Regency is continuous (7, 11).

Plague surveillance in the Regency has relied upon
an alert and responsive public health organization to
observe any increase in the mortality in rodents and
detect and treat suspicious febrile disease in man. In
addition, human mortality trends in rural areas have
been monitored closely to detect unusual increases.
Bacteriological and serological investigations have
proved to be the most effective methods in surveil-
lance. In 1968, standard serological procedures were
adopted and used to detect and delineate the extent of
rodent infection (9). Generally, villages with sero-
positive rats experienced human plague. Thereafter,
serological surveys of rats assisted in evaluating plague
control programmes. The number of rats with plague
antibody declined after plague control measures were
instituted in 1968.

Serological indications of plague have been
obtained most efficiently from R. exulans, although
only 1 isolation of Y. pestis was made in 1968 from this
species compared with 6 from R. rattus. In some
villages, up to 20% of the R. exulans tested were sero-
positive. Serological surveys of rodents have presented
some difficulties, however, because foci of rat plague
have been surprisingly localized, and villages with
both serologically positive rats and human plague
were often adjacent to villages with neither. In the
serological surveillance programme conducted in
1968, the ratio of positive to negative rodent sera
amounted to 1:59 during the first to third months of
the postepidemic period, but was 1:200 by the fourth
and fifth months. Unfortunately, carnivore surveys,
so useful in other areas of the world (38), have been
difficult to apply in the mountain villages of Central
Java owing to the paucity of dogs, cats, pigs, and wild
predators. Under these circumstances, where suspect
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febrile disease is presumptively treated, a serum sur-
vey of such cases may be both feasible and desirable.

Natural foci of plague may persist in the mountains
of the Boyolali Regency, or in other mountainous
regions of Central Java with a similar habitat (Fig. 1),
as isolations of Y.pestis from rats or fleas, sero-
positive rodents, and suspect human cases, have been
detected since 1972 (11, 39). Should recrudescence
occur, many potential routes for the spread of disease
from the mountain subdistricts to lowland cities and
ports exist. Considerable quantities of agricultural
goods from the mountains are marketed in Boyolali
and nearby cities, and market places in Central Java
have been incriminated as centres for the spread of

plague by rats in the past (40). Indeed, an increase of
rodent mortality or rat-fall occurred in a house within
the city of Boyolali during March of 1968, and
Y. pestis was isolated from R. rattus.1 Furthermore, a
hospital serving the mountain districts is located in the
city of Boyolali.
Although plague has not been reported from

Central Java since 1974, it may be prudent to presume
that rodent plague remains entrenched in the moun-
tain subdistricts and that a potential for outbreaks of
plague in man continues to exist. Hence, continued
plague surveillance activities are justified.

I TURNER, R. W., see footnote a, page 459.
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RtSUMt

LA PESTE DANS JAVA CENTRALE (INDONESIE)

La peste, introduite A Java en 1910, semble maintenant
avoir disparu des provinces orientale et occidentale de l'lle,
mais un foyer de peste des rongeurs pourrait subsister dans
la partie centrale. Parmi les cas signales de 1950 A 1956, 90%
avaient et enregistres dans cette partie de I'lle et, entre 1957
et 1960, ce pourcentage est passe A 100%. Apres une absence
complete pendant la periode 1961-1967, la peste humaine a
reapparu A Java au cours des annees 1968-1970, et plus
precisement dans des villages de montagne du district de
Boyolali, en Java centrale, soit dans une region oii des
epidemies de peste ont e enregistrees depuis 1915. Des
puces et des rats infectes, ainsi que des rats seropositifs, ont
e pris dans les villages oui se sont produits des cas de peste.
Des enquetes ulterieures, menees par le Gouvernement
indon6sien et l'OMS entre 1972 et 1974, ont confirme que la
peste des rongeurs etait encore pr6sente, 8 souches de
Yesinia pestis ayant et isol&s chez des rats et des puces A 7
dates et en 4 endroits differents du district de Boyolali.

Les souches de Y. pestis isolees A Boyolali depuis 1968
appartiennent A la varier6 "orientalis" ou "oceanique".

Bien que 1'examen de ces souches ait revele la presence de
facteurs de virulence, nombre des bacilles isoles chez des
puces-au contraire de ceux provenant de rats-ne posse-
daient pas d'antigene VW. Jusqu'a present, tous les isole-
ments se sont montres sensibles a la streptomycine et a la
tetracycline. L'examen des proteines de Y. pestis par electro-
phorese en gel discontinu a revele que les souches provenant
du district de Boyolali presentaient un profil particulier; une
souche isolee en 1973 a toutefois fait exception, ses consti-
tuants proteiniques etant davantage representatifs de
Y. pestis provenant d'autres regions de Java ou d'autres
pays.

Depuis 1968, la periode de l'annee oui l'incidence de la
peste chez l'homme aussi bien que chez les rongeurs est la
plus elevee va de decembre a mai, et la majorite des cas ont
e enregistres au-dessus de 1000 m, altitude a laquelle
Rattus exulans, auquel est generalement associee la puce
Stivalius cognatus, joue apparemment vn role important
dans la propagation de l'infection. Au-dessous de 1000 m,
seuls R. rattus-et sa commensale Xenopsylla cheopis-ont
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ete trouves porteurs de Y. pestis. La plupart des puces
infectees ont e prises sur des rats trouves A l'interieur des
maisons; quant aux isolments effectues chez des rats infec-
tes, ils provenaient tous de rats pris A l'interieur. A partir
d'une altitude de 800 m, les diverses especes de puces et de
rats mentionnees coexistent aussi bien dans les habitations
qu'au dehors, ce qui a rendu impossible toute distinction
entre la peste des rongeurs domestiques et la peste des ron-
geurs sauvages. Certaines observations ont donne A penser
que des rats des champs porteurs de S. cognatus avaient e A
l'origine d'une epizootie chez des rats sedentaires.

Les examens serologiques pratiques aussitot apres l'epi-
demie de 1968 ont montre que 9,2% des rats R. exulans et
1,7% des rats R. rattus pris dans les villages frappes etaient
porteurs d'anticorps contre l'antigene specifique Fraction I
de Y. pestis; ces enquetes ont d'ailleurs montre A quel point
les foyers de peste des rongeurs etaient localises, les villages

voisins etant parfois completement indemnes (absence de
cas humains aussi bien que de rats seropositifs). Au cours de
la periode d'enquete suivante (soit 4/5 mois apres le dernier
cas humain), seuls quelques specimens de R. exulans ont et
trouves seropositifs, alors qu'aucun R. rattus examine ne
l'etait.

Entre 1972 et 1974, periode pendant laquelle aucun cas
humain n'a e confirme, les epreuves serologiques n'ont
pratiquement donne aucun resultat positif. Aucun cas de
peste n'a et signak en Java centrale depuis 1974. S'il existe
neanmoins un dernier retranchement de peste des rongeurs,
l'abondance des rats et des puces dans les habitats humains
tout au long de l'ann&e represente un risque d'epidemie
humaine. Au cas of cette eventualite se realiserait, 1'epi-
demie pourrait fort bien se propager aux agglomerations
situees a plus faible altitude et jusque dans les ports.

REFERENCES

1. SWELLENGREBEL, N. H. [Investigations of the biology
of rats and fleas and other subjects of relevance to the
epidemiology of plague in Eastern Java.] Geneeskundig
tijdschrift voor Nederlandsch-Indie, 52: 53-154 (1913)
(in Dutch).

2. ANONYMOUS. [Report on plague control in Java during
1933.] Mededeelingen van der dienst der volksgezond-
heit in Nederlandsch-Indie, 24: (Suppl. 3): 185-348
(1935) (in Dutch).

3. VELIMEROVic, B. Plague in South-East Asia. A brief
historical summary and present geographical distri-
bution. Transactions of the Royal Society of Tropical
Medicine and Hygiene, 66: 479-504 (1972).

4. RosiER, H. J. [Report on plague control in Java during
1937.] Mededeelingen van der dienst der volksgezond-
heit in Nederlandsch-Indie, 27: (Suppl. 2): 85-166
(1938) (in Dutch).

5. RosIER, H. J. [Report on plague control in Java during
1938.] Mededeelingen van der dienst der volksgezond-
heit in Nederlandsch-Indie, 28: 208-281 (1939) (in
Dutch).

6. ANONYMOUS. [Report on plague control in Java during
1939.] Mededeelingen van der dienst der volksgezond-
heit in Nederlandsch-Indie, 30: 158-213 (1941) (in
Dutch).

7. OTTEN, L. The plague in Java (1911-1923). Mededee-
lingen voor burgerlijke geneeskvadig dienst der Neder-
landsch-Indie Part II, pp. 115-248 (1924).

8. SWELLENGREBEL, N. H. Plague in Java, 1910-1912.
Journal of hygiene, 48: 135-145 (1950).

9. SULIANTI, J. ET AL. Plague-Central Java, Indonesia.
Morbidity and mortality weekly report, 17: 214 (1968).

10. ANONYMOUS. Report on the investigations and control
of plague in Java, Indonesia. U.S. Public Health Service
Report to Directorate General, Communicable Disease
Control, Indonesia (1968).

11. TURNER, R. W. ET AL. Dynamics of the plague trans-
mission cycle in Central Java (Ecology of potential flea
vectors). Bulletin penelitian kesehatan: 2: 15-37 (1974).

12. GREY, J. C. P. The control of plague in Java. Malayan
medical journal, 11: 115-116 (1936).

13. WILCOCKS, C. Medical organization and diseases of the'
Netherlands East Indies before the Japanese invasion.
Tropical diseases bulletin, 41: 983-996 (1944).

14. ROSIER, H. J. [Report on plague control in Java during
1935.] Mededeelingen dienst der volksgezondheit in
Nederlandsch-Indie, 26 (Suppl.): 1-100 (1937) (in
Dutch).

15. BALTAZARD, M. &'BAHMANYAR, M. Recherches sur la
peste A Java. Bulletin of the World Health Organ-
ization, 23: 217-246 (1960).

16. BALTAZARD, M. ET AL. Recommended laboratory
methods for the diagnosis of plague. Bulletin of the
World Health Organization, 14: 457-509 (1956).

17. BAHMANYAR, M. & CAVANAUGH, D. C. Plague
manual. Geneva, World Health Organization, 1976.

18. MATSEN, J. M. & BARRY, A. L. Susceptibility testing:
Diffusion test procedures. In: Manual ofclinical micro-
biology. 2nd ed Washington, DC American Society of
Microbiology, 1974, pp. 418-427.

19. HUDSON, B. W. & GOLDENBERG, M. 1. Isolation of
Yersinia pestis of unusual protein content obtained
from Central Java. Bulletin of the World Health
Organization, 43: 917-919 (1970).

20. HUDSON, B. W. ET AL. An electrophoretic and bacterio-
logic study of Yersiniapestis isolates from Central Java,
Asia, and the Western Hemisphere. American journal
of tropical medicine and hygiene, 22: 642-653 (1973).

21. TENGERDY, R. P. & HILLAM, R. P. Quantitative
differentiation of Yersiniapestis strains by their murine
toxin and fraction I contents. Bulletin of the World
Health Organization, 48: 279-287 (1973).

22. HUDSON, B. W. & QUAN, T. J. Electrophoretic studies
of the Yersiniae. American journal oftropical medicine
and hygiene, 24: 968-973 (1975).

23. HUDSON, B. W. ET AL. Electrophoretic studies of the
geographic distribution of Yersinia pestis protein
variants. International journal of systematic bacteri-
ology, 26: 1-16 (1976).

24. WHO Technical Report Series, No. 447, 1970 (Fourth
report of the WHO Expert Committee on Plague).



468 J. E. WILLIAMS ET AL.

25. HUDSON, B. W. & KARTMAN, L. The use of the passive
hemagglutination test in epidemiologic investigations of
sylvatic plague in the United States. Bulletin of the
Wildlife Diseases Association, 3: 50-59 (1967).

26. RUST, J. H. ET AL. Stable reagent for the detection of
antibody to the specific fraction I antigen of Yersinia
pestis. Applied microbiology, 23: 721-724 (1972).

27. WILLIAMS, J. E. ET AL. Antibody and resistance to
infection with Yersinia pestis in the progeny of immu-
nized rats. Journal of infectious diseases, 129 (Suppl.):
S72-S77 (1974).

28. TURNER, R. W. ET AL. Dynamics of the plague trans-
mission cycle in Central Java (Ecology of mammalian
hosts with special reference to Rattus exulans). Bulletin
penelitian kesehatan, 3: 41-71 (1975).

29. DEvIGNAT, R. Varietes de l'espece Pasteurella pestis.
Bulletin of the World Health Organization, 4: 247-263
(1951).

30. GIRARD, G. Plague. Annual review ofmicrobiology, 9:
253-276 (1955).

31. WILLIAMS, J. E. ET AL. Atypical plague bacilli isolated
from rodents, fleas, and man. American journal of
public health, 68: 262-264 (1978).

32. KoPSTEIN, F. [House rats in Java and their role in the
metastatic spread of bubonic plague]. Geneeskundig
tijdschrift voorNederlandsch-Indie, 73: 209-227 (1933)
(in Dutch).

33. MARSHALL, J. D. ET AL. Ecology of plague in Vietnam.
I. Role of Suncus murinus. Proceedings of the Society
ofExperimental Biology and Medicine, 124: 1083-1086
(1967).

34. SCHUURMAN, C. J. [Some comments on two articles by
Kopstein on the epidemiology of plague.] Geneeskundig
tijdschrift voor Nederlandsch-Indie, 72: 1350-1358
(1932) (in Dutch).

35. RUST, J. H. ET AL. Susceptibility of rodents to oral
plague infection: a mechanism for the persistence of
plague in inter-epidemic periods. Journal of wildlife
diseases, 8: 127-133 (1972).

36. HEISCH, R. B. Is the rat (Rattus rattus) ever a
permanent reservoir of plague? British medicaljournal,
2: 1385 (1959).

37. WILLIAMS, J. E. ET AL. Cryptic infection of rats with
non-encapsulated variants of Yersinia pestis. Trans-
actions of the Royal Society of Tropical Medicine and
Hygiene, 69: 171-172 (1975).

38. RUST, J. H. ET AL. The role of domestic animals in the
epidemiology of plague. II. Antibody to Yersiniapestis
in sera of dogs and cats. Journal of infectious diseases,
124: 527-531 (1971).

39. WHO Weekly Epidemiological Record, 49: 253-255
(1974).

40. VAN STEENIS, P. B. [Epidemiological study of the
plague epidemic at Solo (Soerakarta) March 1915-
April 1916.] Geneeskundig tijdschrift voor Neder-
landsch-Indie, 63: 285-302 (1923) (in Dutch).


