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Abstract

This study investigated mammalian involvement in an
outbreak of bubonic plague in Mbulu District, northern
Tanzania, in March 2007. Plague is a rodent-borne zoo-
notic disease that spreads to humans through fleas
infected with Yersinia pestis. Live trapping of rodents and
shrews was conducted in fallow and crop fields, peri-
domestic areas, houses and the neighboring forest
reserve. Serum was separated from blood of captured
animals. A rapid diagnostic test (RDT) was used for diag-
nosis of plague infection. An ELISA technique was used
to detect antibodies against Yersinia pestis fraction 1
antigen. Wild and commensal rodents tested positive by
RDT, indicating current infection in clinically healthy ani-
mals. The ELISA showed that wild rodents (Lophuromys
flavopunctatus, Praomys delectorum, Graphiurus muri-
nus, Lemniscomys striatus) and commensal rats (Rattus
rattus, Mastomys natalensis, Mus minutoides) were Y.
pestis-positive. Two potential vectors, Xenopsylla brasi-
liensis and Dinopsyllus lypusus, were found on wild and
commensal rodents with a flea index of 1.8. We conclude
that diverse potential mammalian reservoirs and efficient
vectors of Y. pestis are present in abundance in Dongo-
besh and could lead to persistence and future plague
outbreaks.
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Introduction

Plague is a zoonotic disease for which human infection
is usually acquired through the bites of infected rodent
fleas. The natural reservoirs of plague are wild rodents
and the causative agent is a bacteria, Yersinia pestis Leh-
mann and Neumann 1896. It persists as a chronic dis-
ease among many species of rodents around the world
and outbreaks often occur in unpredictable patterns.
Over 200 mammalian species in 73 genera have been
reported to be naturally infected with Y. pestis, but
rodents are the most important hosts (Perry and Fether-
ston 1997).

The plague cycle can be urban, involving rats, fleas
and humans, or sylvatic, involving wild rodents. Sylvatic
plague is widely distributed in western North America,
South America (Peru, Ecuador and Brazil), southern,
eastern and central Africa, the Middle East and central
Asia (WHO 2006). In Madagascar for example, the res-
ervoirs of Y. pestis are two species of rats, Rattus nor-
vegicus Berkenhout 1769 and R. rattus Linnaeus 1758.
However, the sylvatic reservoir of Y. pestis is not well
documented (Chanteau et al. 1998). Studies in Brazil
revealed the presence of significant levels of specific
anti-F1 antibodies among rodents and wild or domestic
carnivores (dogs and cats), indicating that these plague
foci were active in spite of the absence of human cases
in some of them (de Almeida et al. 1995). In the Lushoto
plague outbreak focus in north-east Tanzania, Mastomys
natalensis Smith 1834, Lophuromys flavopunctatus Tho-
mas 1888, Arvicanthis nairobae Allen 1909 and R. rattus
were found to carry anti-plague immunoglobulin antibod-
ies, suggesting that they were natural reservoirs involved
in the plague cycle (Kilonzo et al. 2005). Wild and com-
mensal rodents continually interact with each other in the
fallow and crop fields created after deforestation (Makun-
di et al. 2003).

Plague remains a disease of major public health impor-
tance globally, with several countries in the world report-
ing cases (WHO 2004, 2005). Outbreaks in Algeria have
shown that plague may re-emerge in the same areas
after a long period of silence (WHO 2004). The African
countries most affected are Madagascar, Democratic
Republic of Congo (DRC), Mozambique, Uganda and
Tanzania. DRC reported 1174 plague cases with 50
deaths in 2006 (http://www.who.int/csr/don/archive/
disease/plague/en/).

Tanzania has a well-documented plague outbreak his-
tory, dating back over 100 years (Msangi 1969). Out-
breaks of plague in the last 20-30 years (until 2003) were
reported in Lushoto, Karatu and Mbulu Districts (Kilonzo
and Mtoi 1983, Kilonzo et al. 2005). No human plague
cases were reported in Tanzania during 2003-2006.
Before 2003, Lushoto District had been reporting human
plague cases for 23 years (Davis et al. 2006). Plague had
remained quiescent in Mbulu District for 30 years until
the recent outbreak in February—March 2007 (Makundi
2007). The outbreak occurred in the villages of Tumati
and Arri in the Division of Dongobesh (4°04’ S, 35°22" E).
This was the first recorded human plague outbreak in this
area, which is far from the earlier known focus in Mbulu
District. A total of 35 suspect plague cases were initially
reported, with six deaths. The victims had clinical symp-
toms of plague, including buboes, high fever, chills,
headache, weakness, vomiting, nausea and prostration.
A retrospective confirmation of plague by rapid diagnos-
tic test (RDT) using a dipstick assay was made (Makundi
et al. 2007). Patient records at the local health center
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showed that all the cases were bubonic, indicating trans-
mission by flea bites and therefore involving a mamma-
lian reservoir. Furthermore, interviews with local people
in the area indicated that dead rats were seen in peri-
domestic areas and surrounding crop fields prior to the
plague outbreak. The District Agricultural Office also con-
firmed a rodent outbreak in Mbulu District including the
division of Dongobesh during the 2 months preceding the
plague outbreak.

Following these field observations, we conducted a
study to identify and establish potential mammalian res-
ervoirs of the disease in the outbreak focus.

Materials and methods

Location of the outbreak

The study was carried out in the villages of Arri and
Tumati, which are in the Division of Dongobesh (4°04’ S,

35°22" E) at altitudes ranging from 1930 to 2250 m above
sea level. The location of Mbulu District in relation to
other active plague and historical plague outbreak foci in
Tanzania is shown in Figure 1. The locality of the current
outbreak in Dongobesh Division (Arri and Tumati villages)
in Mbulu District is shown in Figure 2. The outbreak focus
borders the Mongahay Forest Reserve.

Animal trapping, handling and laboratory analysis
of rodent sera

Three distinct habitats were identified in the outbreak
area: natural forest, fallow land, and crop fields. Sherman
live traps were used in the forest, fallow and crop fields.
Locally made box traps and Sherman live traps were
used for trapping in houses. Trapping was carried out for
3 consecutive nights in any given locality, habitat or
house, after which the traps were moved to a different
area within the village. In total, there were 861 trap nights
with a trap success of 8.1%. Captured small mammals
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Figure 1 Active and historical plague outbreak localities in Tanzania.
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Figure 2 Map of the Mbulu District showing the plague outbreak villages and location of Mongahay Forest.

were identified, anesthetized by ether, and blood was
collected from the orbital vein or heart using micro-cap-
illary tubes or a syringe and needle, respectively. The
diagnosis of plague was made by detection of antibodies
against specific antigen (fraction 1 or F1 antigen) of the
plague bacillus, Y. pestis, in rodent blood by an ELISA
technique (Williams et al. 1984). We used both anti-F1
positive and negative control sera from South Africa for
comparison. The ELISA titers ranged from 1:4 to 1:128.

In the current study it was possible to establish an
accurate diagnosis of plague infection in rodents using
RDT by dipstick assay (Chanteau et al. 2003, Thullier et
al. 2003). The dipsticks used for the current study origi-
nated from the Pasteur Institute, Madagascar, and were
used to detect antibodies against the F1 antigen of
Y. pestis in rodent sera to provide some indication of
current infection.

Flea ectoparasites were removed from animals by
brushing the fur; these were collected in a large alumi-
num pan, counted and recorded, and later identified to
species level in the laboratory. The fleas were not tested
for evidence of infection with Y. pestis during the current
study, but they have been preserved for future tests to
detect Y. pestis DNA using PCR.

Results

Table 1 provides the results of ELISA tests of animal sera.
Of 63 animal sera examined, 37 (58%) were positive for
antibodies against Y. pestis F1 antigen by ELISA. The
results demonstrate a high rate of exposure to Y. pestis
among the rodent species. The titer range (1:4-1:128)

Table 1 Species composition and presence of specific anti-
bodies against Yersinia pestis F1 antigen in rodents and shrews.

Species Sera
Total (n) Positive for Y.

pestis antibodies

(n) (%)
Mastomys natalensis 21 13 61.9
Lophuromys flavopunctatus 11 9 81.8
Rattus rattus 15 7 46.7
Lemniscomys striatus 3 1 33.3
Praomys delectorum 4 1 25.0
Graphiurus murinus 2 1 50.0
Crocidura sp. 5 3 60.0
Mus minutoides 1 1 100.0
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used in these tests provides a measure of either current
infection (1:64-1:128) or developing/receding infection
(1:4-1:64). The forest biotope was dominated by L. flavo-
punctatus and Praomys delectorum Thomas 1910, for
which 54.5% tested positive for antibodies against
Y. pestis F1 antigen. Two Graphiurus murinus Smuts 1832
were captured in the forest, but only one tested positive
for antibodies against the Y. pestis F1 antigen (Table 1).
Mastomys natalensis was the most abundant rodent spe-
cies in the fallow /crop field mosaic and in peri-domestic
areas. Other species captured in fallow and crop fields
included L. flavopunctatus, Lemniscomys striatus
Pagenstecher 1885 and Mus minutoides Smith 1834.
Rattus rattus was only captured indoors and 46.7% were
positive for antibodies against the Y. pestis F1 antigen.
Even rodents with F1 antibodies detected at the high titer
(1:128) appeared to be healthy animals and did not show
any clinical signs of plague. Crocidura sp. Wagler 1832
also tested positive for antibodies against Y. pestis F1.
Table 2 shows the plague diagnosis results for rodents
using the RDT. Out of 30 rodent sera tested, 15 (50.0%)
were both RDT- and ELISA-positive for antibodies
against Y. pestis F1.

A total of 65 fleas, of which 48 (72.3%) were Dino-
psyllus lypusus Jordan et Rothschild 1913 and 18
(27.7%) were Xenopsylla brasiliensis Baker 1904, were
collected from wild and commensal rodents, with an
overall flea index of 1.8 (Table 3).

Discussion

This is the first documented epizootic of plague in Mon-
gahay Forest and surrounding villages in Dongobesh
division. The presence of antibodies against Y. pestis F1
antigen in rodent sera is of considerable importance in
determining potential reservoirs of plague in the Dongo-
besh plague focus. Based on ELISA tests of small mam-
mal sera from various localities, Kilonzo et al. (2005)
demonstrated that plague reservoirs were widely distrib-
uted in Tanzania. The RDT was most useful in demon-
strating that animals that appeared clinically healthy had
a current plague infection. The study revealed that sev-
eral species of rodents are naturally involved in the epi-
demiology of plague in the area. Apart from rodents,
infections in other animals are unimportant in the long-
term survival of Y. pestis (Perry and Fetherston 1997).
Animals in fallow peri-domestic areas and in houses test-
ed positive for antibodies against the F1 antigen, which
further suggests that Y. pestis was circulating in these
populations. Lophuromys flavopunctatus and P. delec-
torum were predominant in Mongahay Forest, but were
also captured at the edge of the forest, and L. flavo-
punctatus was also captured in fallow fields surrounding

Table 3 Flea species and their numbers collected from different
rodent hosts.

Rodent species No. of  Flea ectoparasite

animals species*®

Dinopsyllus Xenopsylla

lypusus brasiliensis
Mastomys natalensis 16 22 8
Rattus rattus 9 5 10
Praomys delectorum 1 1 0
Lophuromys flavopunctatus 9 18 0
Lemniscomys striatus 1 1 0
Total 36 47 18

*Flea index=(Total no. of fleas/Total no. of rodent hosts)=1.8.

the village. This indicates co-existence and interaction
with species occurring in the fallow areas, particularly
M. natalensis. Xenopsylla brasiliensis and D. lypusus were
found on both wild and commensal rodent species.
These flea species are considered to be good plague
vectors (Schwan 1986, Kilonzo et al. 2006). It has been
reported that flea indices were correlated with plague
incidences in the Lushoto outbreak villages in north-east-
ern Tanzania (Laudisoit et al. 2007). In this focus, plague
outbreaks are seasonal (Davis et al. 2006); flea indices
<1.0 were reported during the non-outbreak season and
indices >1.0 were observed during plague outbreaks
(Kilonzo et al. 1992). The rodent flea index of 1.8
observed in Dongobesh is quite high and could be one
of the factors contributing to efficient transmission of the
disease between rodent populations and humans. In a
study of plague prevalence in the Karatu District, which
neighbors Mbulu District, Kilonzo et al. (2006) also
observed predominance of X. brasiliensis (45.8%) and
D. lypusus (54.2%).

It would appear that in the current outbreak, an enzo-
otic cycle of the disease was present in the area before
the disease surfaced in the human population. This sug-
gests that the Dongobesh area was an unknown natural
focus of plague, since there were no reported incidences
of the disease elsewhere in Tanzania from where it could
have been introduced. One important factor that sup-
ports the hypothesis of the presence of enzootic sylvatic
plague in the area is the high proportion of rodents that
did not show any easily observable clinical manifestation,
but were positive for antibodies against Y. pestis F1 anti-
gen by the dipstick (RDT) and ELISA techniques. The fact
that local people had seen dead animals in the fields fur-
ther suggests that some animals were highly susceptible
to plague infection whereas others were not. The classic
epidemiologic model for plague considers it an enzootic
infection of mostly resistant wild rodents. The findings of
the current study therefore led to the hypothesis that the
outbreak of human plague in Dongobesh began with an

Table 2 Rapid diagnostic test by dipstick assay of rodent sera from clinically healthy animals.

Rodent species Locality of capture

No. of sera tested No. positive (%)

Mastomys natalensis
Praomys delectorum
Lophuromys flavopunctatus
Rattus rattus

Mongahay Forest
Mongahay Forest
In-house

Crop fields/fallow/peri-domestic 10

3 (30)
4 4 (100)
9 6 (66.7)
7 2 (28.6)
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epizootic in wild rodents that resulted in infection of com-
mensal rodents. In particular, a rodent outbreak had
occurred prior to the disease incidence and, owing to
deforestation, crop fields and residences are in close
proximity to the currently protected Mongahay Forest
Reserve. This elevates the risk of infection in humans.
Exposure to plague could have occurred in the peri-
domestic environment. The findings of the current study
suggest that the forest reserve and its rodent fauna could
have an important role in the epidemiology of plague in
Dongobesh and surrounding areas. Thus, an epidemio-
logical surveillance of plague on a wider geographical
scale is warranted to identify other natural foci and
potential outbreak areas in the whole of Mbulu District in
northern Tanzania.
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