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A Serological Survey of Rodent Plague in Taiwan
and Offshore Islands*

D. McNEILL, H. JENKIN, D. ARMSTRONG, Y. S. CHANG, J. C. LIEN & K. F. MEYER

Serological surveys were made on individual sera of small animals trapped on Taiwan
and offshore islands. The animals were shrews of the species Suncus murinus, and rats
of the species Rattus rattus and R. norvegicus. The tests showed that on MaKung in the
Peng-hu Islands (Pescadores), 66% of the shrews, 30 % of the R. rattus and 15 % of the
R. norvegicus had passive haemagglutination titres with fraction 1 antigens in the range
of 1:16 to 1:256, indicative of previous plague infections. These observations supplement
recent findings in Viet-Nam and confirm that plague is endemic not only in rats but also
in shrews in the coastal provinces of South China.

In 1962, after introduction of the passive haem-
agglutination test which demonstrates Pasteurella
pestis fraction 1 antibodies in the peripheral blood
of man or rodents recovered from plague, the
G. W. Hooper Foundation jointly with local health
authorities initiated blood serum surveys on small
animals in Hawaii, South and East Africa and
Taiwan (Meyer et al., 1963; Chen & Meyer,
1966). The records collected, with the exception
of preliminary observations made on the island of
Hawaii (Meyer, McNeill & Wheeler, 1965), are
still in the course of detailed analysis. The recent
paper by Marshall et al. (1967) implicating the
house shrew, Suncus murinus, in the ecology of
plague in Viet-Nam prompts us to report a limited
survey for antibodies to plague in small animals
on Taiwan and offshore islands. It was under-
taken during 1965 and 1966 in co-operation with
the US Naval -Medical Research Unit No. 2, and
the Surgeon General's Office in Taiwan.
The last confirmed cases of human plague in

Taiwan were reported in 1952, in the east central
port area of Hua-lien (2 cases) (T. S. Tsan, Taipei
Medical School, personal communication). An
outbreak occurred in 1945 in the south-western
seaport of the island, Kao-hsiung. According to
Kraminsky (1963), 13 cases and 4 deaths from
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plague were observed on Taiwan during that year.
These numbers include the cases in Peng-hu (Pes-
cadores) Islands. Plague was reportedly endemic
on the island of Chin-men (Quemoy) prior to
1952, when stringent rat-control measures were
instituted. Chin-men is adjacent to Fukien Prov-
ince where Kraminsky reported plague to be en-
demic.

MATERIALS AND METHODS

In the Peng-hu Islands, trapping was done on
the island of MaKung, in and around several
small fishing villages on the north-west corner.
MaKung is irregularly shaped, about 6 by 4 miles
(9.6 km by 6.5 km) at its widest points; it is linked
with 2 outer islands by causeways. The crops are
mainly corn, sisal, sweet potatoes and garden veg-
etables; there is little water for crops of rice or
taro root. The civilian population on MaKung is
about 60 000. The walls of coral rock in and
around the villages serve as nesting sites for rats
and shrews.

Shrews and rats were trapped alive and taken to
the laboratory. They were then anaesthetized and
bled from the heart or carotid artery ; they were
also combed for ectoparasites. The animals were
examined for gross anatomical lesions of plague
infection and, on the offshore islands, organ sam-
ples were taken and preserved in Broquet's fluid,
and held at a temperature of 4°C (Broquet, 1912;
Baltazard et al., 1956). These organ specimens
were sent to the Hooper Foundation for bacterial-
isolation studies.
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The serum samples were tested at the laboratory
by the passive haemagglutination method, using
fraction I antigen of P. pestis as described by
Meyer et al. (1963) modified by the micro-method
recommended by Sever (1962). Sera with a titre of
1: 16 or greater, classed as "positive" according to
the interpretation of Meyer, McNeill & Wheel-or
(1965) and Cavanaugh et al. (1965), furnish evi-
dence of past plague infection. All sera giving
reactions of 1:4 and over are listed as " reactors " ;
while the lower dilutions (1:4 to 1:8) may include
some non-specific reactions, their use renders this
index more sensitive to low-grade epizootics.
The preserved tissue samples were testedI

after they had been ground with sand and
saline in a Lmortar.The emulsified products
were inoculated subcutaneously into mice and
guinea-pigs. They were also enriched and plated
in the selective azide med-ium of Knisely, Swaney
& Friedlander (1964). Most of the tissues exa-
mined were from animals with positive serum
and observable lesions of the liver.

RIESULTS

The Taiwan sera collected from trapped animals
originated from 2 areas: (1) the north end which
included the capital city of Taipei, the Yang-ming
Shan Administration-a mountainous area north

T1Tests were performed by Mr G. Smith of the G. W.
Hooper Foundation.

of Taipai-and the city of Chi-lung (Keelung), the
major seaport on the north-east corner of the
island; (2) the south-west area which included
Kao-hsiung City-the major seaport facing Hong
Kong; Tai-tung hsien 2-from the area outside
Kao-hsiung, and Ping-tung hsien-an agricultural
region 30 km-40 km south-east of Kao-hsiung
(see accompaying map).
As shown in Table 1, the reactor group is low

(only 4.2%) but almost half consists of sera from
Suncus murinus (5 out of 38 or 13 %). All were
from the northern area, except 1 R. rattus from
Tai-tung hsien in the south. The S. murinus
reactors were from the Yang-ming Shan Adminis
tration, where the only positives were found: 1 S.
murinus of 1:32, and 1 R. norvegicus, 1:16. In
the Taipei hsien area, 2 out of 55 R. norvegicus,
and in Chi-lung, 3 out of 45, gave reactions. None
of 80 R. rattus from the north gave reactions.
Too few animals were captured in the southern

area to furnish significant data, but it is note-
worthy that the only R. rattus to react (1/27)
came from the area which was the site of the 1945
human outbreak of plague. A total of 142 sera
collected from the offshore islands were tested. As
shown in Table 2, 73 (or 51 %) gave reactions,
compared to 4% on Taiwan. Nearly 40% were
positive: 33 out of 50 or 66% of sera collected
from S. murinus reacted with titres from 1:16 to
1:256. By contrast, 15 out of 50 or 30% R. rattus
and 6 out of 41 or 15% R. norvegicus gave similar
titres. No frank cases of human plague have been
reported from Peng-hu since 1952.
Chin-men is near the mainland and faces the

city of Amoy. Rat control there is much more
energetic than on Peng-hu. Of the 64 sera tested,
35 out of 64 or 55% were classed as reactors and
34% were positives (Table 2). In contrast to re-
sults from MaKung, R. rattus gave the highest
proportion of positive sera, 52%, against 22% R.
norvegicus and 3 out of 8 S. murinus. All at-
tempts to isolate P. pestis from 19 tissue speci-
mens were unsuccessful. Mr J. C. Lien, Taiwan
Antimalaria Institute, Ping-tung, Taiwan, furnished
data relating to the Xenopsylla cheopis fleas
harboured by the animals collected in MaKung.
The flea indices were as follows: R. rattus, 3; R.
norvegicus, 2.5; S. murinus, 1.1. In Chin-men only
3 fleas were found on 82 rats and none was
Xenopsylla cheopis.

2 Hsien = county.
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TABLE 1

HAEMAGGLUTINATION TITRES IN SMALL ANIMALS FROM THE ISLAND OF TAIWAN

Animals examined Titre
Area and species

Total Reactor a Positive b 16 32 64 128 256 512

Northern region
Yang Ming Shan:

R. rattus
R. norvegicus
S. murinus

Chi-Lung:
R. rattus
R. norvegicus

Taipei hsien:C
R. rattus
R. norvegicus
S. murinus

Totals for northern region:
R. rattus
R. norvegicus
S. murinus

Total

South-west corner:
R. rattus
R. norvegicus
S. murinus

Total

Over-all totals:
R. rattus
R. norvegicus
S. murinus

Grand total

32
12
36

14
45

34
55
2

80
112
38

230

33
18

51

113
130
38

281

1
5

3

2

6
5

1
I

11 2

6
5

12

1

2

a All sera reacting in test at 1.: 4 or greater.
b Serum with titres of 1 :16 or greater.
c Includes 9 R. norvegicus from the city of Taipei all of which were negative.
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TABLE 2
HAEMAGGLUTINATION TITRES IN SMALL ANIMALS FROM THE ISLANDS

OF MAKUNG AND CHIN-MEN

Animals examined Titre
Area and species I-A

Total Reactor a] Positive b 161 32 Te128 256 512

MaKung 142 c 73 54 20 10 12 9 3
R. rattus 50 28 15 9 4 2
R. norvegicus 41 8 6 3 3
S. murinus 50 37 33 8 6 7 9 3

Chin-men 64 35 23 18 3 1 1
R. rattus 25 17 13 13
R. norvegicus 31 11 7 4 2 1
S. murinus 8 7 3 1 1 1

a All sera racting in test at 1:4 or greater.
b Sera with titres of 1:16 or greater.
c Includes 1 Mus musculus which had negative serum.

DISCUSSION

As an introduction, a brief consideration of the
ecology of the shrew may be of interest. Suncus
murinus is widely distributed on Taiwan and on

the mainland of China. According to Horikawa
(1931) the shrews live in and around houses,
hiding under rocks, wood, or in dark places
under beds, etc., and become active after dark.
Whenever they meet enemies, they make a high-
pitched sound-" chiew chiew ". They are sluggish
in motion. Their food is insects, earthworms, etc.,
and occasionally they attack and hurt chickens.
It is said that they produce several litters of
young in a year; the baby shrews are naked
and blind.
The results of trapping carried out by one of the

authors (J.C.L.) in the Peng-hu Islands during the
period 1961-63 revealed that the shrews amount-
ed to 80% (1039 out of 1298) of the small animals
trapped outdoors and 25.4% (18 out of 71) of
those trapped indoors. The results of the monthly
trappings also indicate that the shrews are found
throughout the year with a little population fluc-
tuation, showing a slight increase in October and a

decrease in May-June. The analysis of the
stomach contents of 9 shrews dissected soon

after they had been trapped indicates that the
animals are omnivorous, feeding on tall-millet
(8 cases), sweet potato (3), earthworms (3), cater-
pillars (1), birds (1). In 5, animal muscle of un-
lcnown origin was found and plant seeds in 2.

Indirect serological evidence, obtained with sera

collected in the course of a pilot survey on Taiwan
and the offshore islands, indicates that a sizeable
percentage of small animals trapped on the islands
had encountered P. pestis. Particularly significant
are the findings in Suncus murinus from MaKung
in the Peng-hu: of 50 animals tested, 37 (74%)
reacted while 33 (66%) were positive. R. rattus
with 30% and R. norvegicus with 15% positive
had also apparently been infested with P. pestis.
The view expressed by Kraminsky (1963), that
plague is endemic in Chin-men, is confirmed
by the serological survey. The presence of 7 out of
8 reactors and 3 out of 8 (37%) positive S. mur-
inus, 28 % positive R. rattus, and 22 % positive
R. norvegicus sera indicates considerable " quiet "
P. pestis among the reservoir hosts on the island
despite intensive control work. The survey of the
northern end of Taiwan, based on a slightly larger
sample of sera, indicates less pronounced plague
activity. Only S. murinus and R. norvegicus fur-
nished the 4.2% reactors and 0.06% positives. The
results indirectly confirm the view expressed since
1933 by Kopstein (1933), Yang et al. (1939), and
Pollitzer (1952) that S. murinus may act as a
potential plague reservoir host in Cambodia, Java
and China. Furthermore, these results supplement
the studies conducted by Marshall et al. (1967)
in Viet-Nam in which sera collected from S. mur-
inus bled in the Saigon-Cholon area were
pooled. A total of 8 out of 43 pools showed titres
greater than 1:16 and 7 out of 13 pools from the
Nha Trang area reacted with titres of 1:16 to
1:256. Assuming that each positive pool contained
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serum from 1 infected animal, the proportion of
S. murinus trapped in Nha Trang with evidence of
past infection is quite similar to that established
for MaKung in Peng-hu. More important is the
successful isolation of fully virulent P. pestis by
Marshall et al. (1967) from 7 S. murinus spleen
and 3 flea-pools. The isolations prove that this
species is involved in commensal plague. Likewise,
they supply weighty, if not conclusive, support to
the interpretation of the serological findings. In
similar surveys in the future, it will be imperative
to determine if the spleen or other viscera of
reacting, or more likely non-reacting, animals yield
plague bacilli. Unfortunately, the preservation in
Broquet's solution of the tissues collected on
MaKung and their subsequent storage, in contrast
to the excellent techniques used in Viet-Nam, was
inadequate. Consequently, it is not surprising that
all attempts to isolate P. pestis failed. Future
attempts to isolate of P. pestis from the tissues of
small animals should explore and adapt tthe re-
cently proved transport medium for shipments
of clinical specimens developed by Cary & Blair
(1964).

The workers in Viet-Nam, assuming that each
positive pool of spleens contained 1 infected
animal, estimated the over-all infection rate at
4 per 1000 for S. murinus; while this value is low,
it was essentially the same as that for the recogn-
ized plague carrier species, R. norvegicus and
R. rattus. The serological examination of approxi-
mately the same number of individually tested
small animals trapped on MaKung yielded a
positive reactor percentage of 66 for S. murinus,
30 for R. rattus and 15 for R. norvegicus. At least
2-4 times more S. murinus than rats had been
exposed to plague within a few weeks of bleeding
in April 1966.

Direct and indirect evidence so far collected in
Viet-Nam, Taiwan and offshore island, incrimi-
nates S. murinus as reservoir animals for P.
pestis. Whether this small mouse-like insectivore
will ultimately be classified as a partially resistant
host as defined by Baltazard (1963) depends on its
degree of resistance; this can be determined by
experimental challenge-infection if healthy colo-
nies of this species can be established and main-
tained in captivity.
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RESUME

La musaraigne de l'esp&ce Suncuis murinus a et et
demeure, d'apres des constatations recentes, l'un des
principaux reservoirs de la peste en Asie du sud-est.
Des enquetes serologiques pour lesquelles on a utilise
des echantillons de sang preleves sur de petits mammi-
feres captures a Taiwan et dans des iles c6tieres, notam-
ment l'archipel de Peng-hu (Pescadores), confirment que
ce rongeur est un vecteur de la maladie dans la region
de la Chine meridionale. Pour examiner les serums,
on a pratique la reaction d'hemagglutination passive
avec la fraction I speeifique purifiee de Pasteurella pestis.

11 n'y a plus eu de cas de peste humaine a Taiwan
et aucun n'a e declare dans les iles c6ti&res depuis 1952;
la derniere poussee epidemique, a Taiwan, date de 1945.
Les constatations serologiques indiquent toutefois, indi-
rectement, que la peste existe toujours dans cette ile.
On a trouve un taux global de reactions positives de 4%
parmi les serums preleves sur des animaux, mais pres de la
moitie des echantillons reagissants provenait de S. muri-

nus. Dans la region de Kaohsiung, oui une epidemie de
peste avait eelate en 1945, on n'a capture qu'un seul
specimen de Rattus rattus dont le serum a reagi avec
un titre peu eleve. A MaKung (archipel de Peng-hu),
ou le taux des serums reagissants etait habituellement
de 51 %, on a trouve 74% de serums positifs a des dilu-
tions prouvant un contact recent avec P. pestis. Les taux
de positivite des serums &taient de 30% pour R. rattus,
de 150% pour R. norvegicus et de 66% pour S. murinus.
Dans l'ile c6tiere de Chin-men (Quemoy), 55% de
l'ensemble des serums reagissaient, mais 52% des echan-
tillons preleves chez R. rattus et 22% de ceux obtenus
chez R. norvegicus temoignaient d'une infection recente.
Sur 8 serums de S. murinus, 7 ont reagi, mais un seul
avait un titre indiquant un contact recent avec le bacille
pesteux. Pour pouvoir mesurer l'importance du r6le
de S. murinus en tant que reservoir de P. pestis, il convien-
drait d'eprouver la resistance de ce mnammifere a l'infec-
tion experimentale sur des animaux eleves en captivite.
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