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Identification of Risk Factors Associated with Transmission of Plague Disease in Eastern Zambia
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Abstract. Plague is a fatal, primarily rodent-flea-borne zoonotic disease caused by Yersinia pestis. The identification
of risk factorsof plaguewas investigated throughquestionnaire interviewandconducting focusgroupdiscussion (FGD) in
Sinda and Nyimba districts of eastern Zambia. A total of 104 questionnaires were administered to individual respondents
and 20 groups consisting of 181 discussants, which comprised FGD team in this study. The study revealed that trapping,
transportation, and preparation of rodents for food exposed the community to rodent and their fleas suggesting that
plaguemay have occurred primarily by either flea bites or contact with infected wild rodents. The study also revealed that
most people in communities consumed rodents as part of their regular diet; therefore, contact with small wild mammals
was a common practice. The mode of transportation of freshly trapped rodents, in particular, carcasses risked human to
flea bites. Questionnaire respondents (75%) and FGDdiscussants (55%) indicated that trappers preferred to carry rodent
carcasses in small bags, whereas 55.8% and 20% respectively, reported hunters carrying carcasses in their pockets.
Carrying of carcass skewers on trappers’ shoulderswas reported by 38.4%and 20%of individual respondents and FGD,
respectively. All these activities were exposing humans to rodents and their fleas, the natural reservoirs and vectors of
plague, respectively. This study also showed that there is a statistically significant (χ2 = 4.6878,P<0.05), betweendigging
of rodents from their burrows and the presence of fleas on the hunter’s bodies or clothes, which exposes humans to
potentially flea bites in an enzootic cycle.

INTRODUCTION

Plague is a fatal flea-borne rodent-associated zoonotic
disease caused by Yersinia pestis, a gram-negative, non-
motile, and non-spore-forming bacterium. The disease has
been endemic inmany parts of Africa including Zambia, which
reported the first outbreakof thedisease in the Luangwavalley
in 1917.1–3 Since then, a number of outbreaks of the disease
have occurred in various parts of the country, the latest being
in Nyimba District, southern part of Luangwa valley in March
2015, in which three fatal cases were recorded.4 According to
Low and Newman (1920), the spread of the disease from one
village to another in Northern Luangwa valley was largely fa-
cilitated by sociocultural practices such as polygamy, where a
manhavingmore than onewifewas shifting fromone house or
village to another and might have moved with infected fleas.
Rodents hunting habits have also played a role in plague
transmission.3 This scenario was also observed in Chitokoloki
village in the Zambezi plain by Worsford.5

In the study area, communities developed traditional plague
control methods, with limited success, such as burning of
dwellings and killing of any escaping rodents from the
deceased house, which was practiced in Tanzania and else-
where.6 However, current plague control strategies in most
countries usually involve the killing of fleas and rodents, che-
motherapy for patients, chemoprophylaxis for contacts, en-
vironmental cleanliness and sanitary improvement, health
education for leaders and communities in the affected areas,
and where possible, quarantine of the affected localities.
These approacheshavebeen effective inmost plague foci and
are probably responsible for the decline of outbreaks of the
disease in plague foci. This approach was equally practiced in
Lushoto District of Tanzania during and soon after each out-
break of the disease since 1980; however, despite this control

measure, plague outbreaks continued to occur sporadically
every year, usually between the months of October and
March. Kilonzo and others (1997), reported that despite these
controlmeasures, therewere still other esoteric factors, which
contributed to these sporadic disease outbreaks.6 These
factors may include hunting behavior, mode of transportation
of the carcasses, andmethod preparation of these carcasses,
which may increase the contact with the flea vectors.7

In additional to these, others factors may include socio-
cultural, socioeconomic, and environmental, which may be
responsible for transmission and maintenance of the disease
in the focus for a long time, as other parameters such as bi-
ological and climatic factors including presence of suitable
reservoirs, efficient vectors, and favorable climatic conditions,
were similar in many other foci where the disease had been
effectively controlled. However, in many African countries,
some traditions and customs hinder control of not only plague
but also other infectious diseases, which include people be-
lieving in witchcraft and/or evil spirits as causes of human
plague.8 In Sinda District of Zambia, Ngulube and others
(2006) reported that someplaguedeathswere associatedwith
witchcraft and superstitious evil spirits.9 Likewise, the same
concept was observed, that some cultural and social prac-
tices were partly responsible for outbreaks and maintenance
of plague in some districts of Uganda.10

Plague is primarily transmitted through bites of infective
oriental rat fleas, Xenopsylla cheopis (Rothschild), from living
or dead animals either to noninfected animal or humans. The
disease can also be transmitted by some other flea species
including, Ctenocephalides felis (Bouche), Ctenocephalides
canis (Curtis),11 Echidnophaga gallinacea (Westwood), and
Pulex irritans (L).12 Basically, fleas effectively transmit plague
when the former feed on opportunistic hosts after migrating or
dropping off their primary hosts following death or self-grooming
by the infested host.12 In the study area, communities hunt and
catch rodents and use the same as protein source, thus facili-
tating close contacts with the animals, consequently, increasing
risks of exposure to plague infection among such people.
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Plague can also be transmitted by direct contact with in-
fectedmaterials as reported in Libya andKenya,where human
beings got infected after skinning and eating the suspected
animal carcasses of camels and goats, respectively.13,14

Furthermore, a case of human plague infection that occurred
after conducting an autopsy of a dead lion in theUnited States
has been documented.15 A similar case has also been re-
ported in Russia, where a 10-year-old boy contracted plague
after skinning a marmot.16 Despite the aforegoing reports on
sociocultural factors associated with plague epidemiology in
several areas, there are a few studies on human behavioral
factors determinant of plague outbreaks in Zambia. Traditions
and cultural practices differ from one ethnic group to another
and thesemayhavean impact on the transmissionof plague in
Zambia. The possibility that some cultural beliefs and prac-
tices, favor maintenance, and outbreaks of the disease in
some localities cannot be ruled out.6 In view of this, it was
considered important to determine social cultural behavioral
factors, which are possibly responsible for facilitating plague
transmission and outbreaks in the study areas. To sub-
stantiate such possibility, it was fact desirable to determine
risk factors, which may promote the spread and maintenance
of the disease in the area and establish the knowledge, atti-
tudes, and practices (KAP) of local communities with respect
to plague in eastern Zambia. The aim of this study was,
therefore, to investigate potential risk factors that are possibly
associated with facilitating, maintaining, and transmitting
sylvatic and murine plague to humans in the study area.

MATERIALS AND METHODS

Study site. The study was conducted in the eastern
Zambia, where plague has been reported in the recent past. In
this area, four plague foci have been identified namely
Tembwe in Chama District in 1917 and 1956,2,3 Luembe in
Nyimba District in 2015,4 both are in northern and southern
Luangwa valley. Others are Mukomba in Lundazi District in
19562 and Nyanje in Sinda District in 2001 and 2007.9,17 The
studymostly focused on the twomost recently affected areas
in Nyimba and Sinda districts (Figure 1) and took place be-
tween March 2015 and November 2016.
In this study, both qualitative and quantitative approaches

were applied using open- and closed-ended questionnaires
and focus group discussion (FGD). There were > 300 villages
in the two districts and about 150 villages were affected with
plague disease. Participants, both individuals and in FGD,
were selected at random from systematically selected affected
villages and households. Informed consent was obtained from
the participants either verbally or in writing through their village
leaders or their community health workers. In each FGD, four
participants (two males and two females) were selected at
random from each affected village and one from each house-
hold. These participants were convened at a central place,
where the FGD (between 8 and 12 participants) were formed
from different villages. All participants were informed of the
objectives of the FGDand requested to sign the consent to take
part in thediscussion. The flowof the discussionwas controlled
by the moderator and was recorded, both electronically and
manually, by his assistant. The questions in the questionnaire
were designed to seek information on theKAP related to plague
transmission, epidemiology and control, and sociocultural fac-
tors associated with the disease.

Themajor questions sought information on personal details
(including age, sex, occupation, and level of education); the
small wild mammals mostly preferred to be hunted for food,
method of trapping and hunting small wild animals, mode of
transporting their carcasses, methods of preparation before
eating, experience and knowledge on causes, and symptoms
of plague; type and numbers of livestock kept and where they
were kept, biting insects they experienced (especially fleas),
health and environmental status in the household. The ques-
tionnaires were instituted in English and the local language
(Chichewa/Nsenga), commonly used by the community. The
study did not recruit residents who came from another district
in the past 6 months.
Data analysis. Data were compiled and entered in the

Microsoft Access and analyzed using the Epi info statistical
package 7.2.0.1 (Center for Disease Control and Prevention,
Atlanta, GA).

RESULTS

Personal characteristics of respondents. A total of 104
individual respondents and 20 FGD (FGD of 181 members)
made up between 8 and 12 members in each group, were
recruited. Of the individual respondents, 29.8% (N = 31) and
70.2% (N = 73) were females and males, respectively. Their
ages ranged from 16 to 69 years, with the majority being be-
tween 30 and 52 years.Most of the respondentswere peasant
farmers 85.6% (N = 89), followed by pupils 3.8% (N = 4) and
housewives 2.9% (N = 3). Others were businessmen, religious
leaders, teachers, a radiographer, and university students.
The educational level of the respondents was mostly primary
35.6% (N = 37), whereas 1.9% (N = 2) had attended adult
literacy classes and 12.5% (N = 13) had completed senior

FIGURE 1. Study site showing two districts in eastern Zambia. This
figure appears in color at www.ajtmh.org.
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secondary school. On the contrary, 30.8% (N = 32) attended
junior secondary school and the remaining 6.7% (N = 7) were
illiterate.
KAPof respondentsonplague.A total of 72.1% (N=75) of

individual respondents claimed to have noticed symptoms
related to plague disease in the community such as inflam-
mation of lymph nodes (Buboes), headache, and fever,
whereas 11.5% (N= 12) had noticed symptoms such as a sore
throat while the rest could not define the symptoms (Table 1).
When asked about possible factors responsible for the cau-
sation of the disease in the area, 57.7% (N = 60) indicated that
rodent borne and fleas were responsible, 25.7% (N = 27)
reported dirty environment was responsible, 5.7% (N = 6)
attributed plague to both rodents and dirty environment, and
the rest did not know.
For the FGD, of the 20 groups, 85% (N = 17 groups) said

they had noticed the disease symptoms of swollen lymph
nodes, whereas 10% (N = 2 groups) noticed itching and
5% (N = 1 group) noticed sore throats. The groups also at-
tributed these symptoms to rodents and fleas.
Hunting and use of small wild animals for food. All the

respondents (both individuals and in FGD) were aware of the
different types of rodents used by the community for food
(Table 2) and variousmethods used for hunting or catching the
animals. These include digging the rodent burrows 78.8%
(N = 82), using local traps 59.6% (N = 62), using water buckets
traps 38.3% (N = 42), using hand or head flashlights (torch)
15.4% (N = 22), and using hunting dogs 13.4% (N = 14). As
regard to a number of rodents killed, the respondents in-
dicated that they could kill between eight and 450 animals per
day, most of them were rats. When asked about carcass
handling and transportation procedures, respondents said
that several methods were used for carrying the dead rats,
including the use of small bags or sacks or simply hanging
themon a string around their necks or shoulders 75% (N = 78).
Other methods included carrying them in pockets 55.8%
(N = 58), using stick skewers or threads and carrying them on
the shoulder or on the head 38.5% (N = 40) (Figure 2), using
buckets carried on the head, 12.5% (N = 13). They also re-
ported that methods of preparation differed from person to
person. Some people boiled the animals with its fur after
eviscerating them 12.5% (N = 13) although the majority of
trappers preferred flaming off the fur before eviscerating the
carcasses 91.3% (N = 95). Others reported that trappers
skinned the bigger species before eviscerating 24% (N = 25).
For the FGD, 55% (N = 11 groups) of them killed the rodents
after digging them out of their burrows, whereas 25% (N = 5
groups) used local snares, and yet other 20% used flashlights
at night (N = 4 groups) and bucket traps with water 5% (N = 1
group). The groups also explained that differentmethodswere
used to transport the rats including sacks 11 (55%), pockets 5
(25%), and pinning the rodents on stick skewers and carrying

them on their shoulders or on the head 20% (N = 4 groups)
(Figure 2). They also reported the most commonly used
preparation technique was to flame the fur followed by evis-
cerating 75% (N = 15 groups), skinning and eviscerate 15%
(N = 3 groups), eviscerating then boiling with fur 10% (N = 2
groups).
Observation of fleas moving from hunted small wild

animals to people. A total of 32.7% (N = 34) respondents
reported having observed fleas during trapping or killing of the
animals, whereas 29.8% (N = 30) observed fleas during
transportation of carcasses to the village or to the designated
place for preparation. Sixteen (15.4%) respondents reported
that they mainly noticed fleas during carcass preparation,
especially during skinning, whereas 23.08% (N = 24) noticed
fleas during transportation and preparation (Table 3). These
reports broadly suggest the presence of strong association of
contact between humans and fleas and rodents during dig-
ging (χ2 = 4.6878, P < 0.05).
Although 45% (N = 9 groups) of the FGD said they noticed

fleas during preparation only, while 30% (N = 6 groups) no-
ticed fleas during trapping and killing and 25% (N = 5 groups)
reported fleas during transportation and preparation. These
reports show evident of contact between human beings and
rodent fleas.

DISCUSSION

The results revealed that most people in the studied com-
munities commonly eat rodents, which are the most preferred
hosts for flea vectors and potentially plague carriers. The
rodent provides a protein source in their diet as other protein
sources may either be scarce or expensive. In view of this
habit, communities use various methods for catching,

TABLE 1
Conditions expressedby the respondents as a result of flea infestation

Disease experienced No. of respondents Percentage (%)

Lymphadenopathy/tonsillitis 75 72.1
Itching and sores 5 4.8
Rash 4 3.8
Sore throats 8 7.6
Not sure 12 11.5

TABLE 2
Most commonly preferred and hunted small animals
Small animals No. of respondents Percentage (%)

Rats/mice 104 100
Hare/rabbit 64 61.5
(Kunda) Cricetomys spp. 39 37.5
(Tondo) Petrodomus spp. 14 13.5
Birds 51 49.0
Impala 43 41.3

FIGURE 2. (A) A boy carrying rodents on a string and a stick and
(B) boys carrying rodents using stick technique. This figure appears in
color at www.ajtmh.org.
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handling, and preparing the animals for the culinary behavior
of the communities in the study area are closely associated
withplague transmission in easternZambia16 (Figure 2). These
rodent handling practices inevitably facilitate fleas to infest
humans and other susceptible animals in the vicinity and
spread plague if they are carrying Y. pestis. The study also
revealed that a good number of younger males were mostly
involved in the rodents hunting, transportation, and preparing.
The youngermales prepare thedeliciousmeals on their own at
a place (traditionally called Sangweni or Mphara), a place
where males gather, eat together, and discuss how best they
can live in the society. That could be the reasonas towhymost
affected people with plague were younger males than adult
males in most plague disease outbreaks.18 The behavioral
deeds are closely consistent with observation elsewhere in-
cludingKenyawhereherdsmencontractedplagueafter carrying
goat kids on their shoulders.19Wang and others (2006) reported
acaseof aperson infectedwithpneumonicplagueafter carrying
adeaddogonhis shoulders forburying it at thedistance20and in
Russia, a Former Soviet Union, where a 10-year-old boy got
infected with Y. pestis after skinning a marmot.16

The current observation thatmost people used the flame for
removing the fur of the captured animals is probably not ef-
fective against flea ectoparasites of such animals since the
process is done long after the animal dies andmost of the flea
ectoparasites leave carcass hours before subjecting the latter
to fire. Indeed, culinary activities would be less risky in plague
transmission if the carcasses were flamed and processed
immediately after the captured animal dies or while still on the
warm carcass, thus killing the fleas and other ectoparasites be-
fore they could leave the carcass and seek an alternative host.
Furthermore, the observation that the community was

aware of plague being transmitted by rodent fleas and 50% of
the respondent’s associated lymphadenitis of the axillary in-
guinal and submaxillary region as signs of the disease, sug-
gesting that residents in the area have some indigenous
knowledge about bubonic plague. It was also reported that
heavy flea infestations occurred most commonly during rainy
season, suggest that the communities are knowledgeable
about seasonality of plague outbreaks, and is consistent with
other findings in Zambia and elsewhere.1,21,22

CONCLUSION

It can be justifiably concluded from the current observation
that sociocultural human behavioral factors especially hunt-
ing, transportation, andpreparation of rodentsbefore their use
for food expose most villagers in the study area to flea bites
and consequently the risk of being infected with the plague. It
can also be conclusively argued that the current observations
are at least partly responsible for the current presence of
suspected plague cases in the study area.

Instituting of health education and sustainable campaign on
plague epidemiology, prevention and control, and the impor-
tance of avoiding contacts with flea and rodent carcasses is
strongly recommended to the stakeholders.
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