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Summary

Plague is a zoonotic and re-emerging disease caused by Yersinia pestis. The disease has caused a
devastating effect on the entire world since the time of Justinian plague in the sixth century. Data were
searched, screened and compiled from various sources on time, place and magnitude of human plague
occurrences in Zambia. It was revealed that plague disease outbreak was first reported in Zambia in early
20th century and human infections had been reported in three zones since 1914. During the first half of the
century, the number of human deaths steadily decreased from 93 in 1917 to 1 in 1947. Another outbreak
was reported in 1956 after which it remained quiescent until 1987. More human infections were reported
between 1990 and 2008. Factors which contributed to plague outbreaks and spread in Zambia included
heavy rains, which was usually followed by a large increase in rodent and flea populations, socio-cultural
human behaviour and life-style practiced by communities. Such practices were optimal for occurrence and
rapid spread of plague including polygamy, hunting, overcrowding in houses, and belief in witchcraft,
consequently seeking treatment from traditional healers, and man-rodent contact which was intensified by
hunting practice. Despite smaller numbers of cases reported, there is much public health concern about the
current plague situation in the country and hence, the disease shouldn’t be neglected. Improving
surveillance strategies for the disease and intensifying public health education are therefore desirable in
order to sensitise the communities and consequently minimise transmission of the disease.
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Introduction public health in the world and can remain
Plague is one of the most important re- quiescent for more than thirty to forty years.
emerging zoonotic diseases in the history of The disease is caused by a gram negative,
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non-motile  and  non-spore  forming
coccobacillus bacterium known as Yersinia
pestis and has caused devastating effects in
the entire world. The causative agent of
plague disease was discovered by a young
Swiss physician, Alexandre Yersin, in Hong
Kong during the beginning of the third plague
pandemic in 1894. The bacterium infects
warm blooded animals, especially rodents,
which are the usual host reservoirs while
human beings and other mammals are
occasionally affected. The bacterium is
normally transmitted from one host to
another through the bite of an infective flea
such as Xenopsylla cheopis
(Andrianaivoarimanana et al., 2013; Perry &
Fetherston, 1997). It can also be transmitted
through direct contact with infected materials
and droplets especially in pneumonic
infections (Wang et al., 2011; Oyston &
Williamson, 2011). Occasionally, it can also
be transmitted through contaminated soil as
the bacterium can persist in the former for a
substantial period of time (Boegler et al.,
2012; Ayyadurai et al., 2008).

Historical perspectives of human plague
Cases of human plague have been known
from time immemorial. The  first
authentically recorded outbreak of human
plague occurred among the Philistines in
1320 BC, (Holy Bible I Samuel: 5 and 6) and
was characterized by the appearance of
tumours in their secret parts (Freemon,
2005). In the last two millennia, three plague
pandemics occurred and the disease spread
widely affecting a large number of countries
in most continents. The first pandemic known
as Justinian plague occurred in the sixth
century (542- 546 AD) and affected Asia,

Africa and Europe, where it claimed nearly
100 million victims (Wagner et al., 2014).
The second pandemic referred to as Black
Death occurred in the fourteenth century
(1347-1351) and caused about 50 million
deaths, of which half of them were from Asia
and Africa and the other half was from
Europe, where a quarter of the population
succumbed. This pandemic was the
beginning of a number of outbreaks of the
disease which ravaged Europe and Africa in
subsequent centuries (Harbeck et al., 2013;
Bos et al., 2011). The third pandemic, the
Oriental plague, which is generally
characterised by sporadic outbreaks of the
disease and has persisted to date, began in
Canton and Hong Kong (China) in 1894 and
spread rapidly throughout the world,
probably due to infected rats such as Rattus
rattus, carried aboard swifter steamships that
replaced slow moving sailing vessels in
merchant fleets. Within 10 years (1894—
1903) the disease was reported to have
affected 77 ports in five continents (Dennis et
al., 1999). It had also been revealed that rats
contracted plague through infective fleas and
the classic rat flea Xenopsylla cheopis was
the most common vector of Yersinia pestis
(Butler 2013; Ben Ari etal., 2011).
Historically, plague existed as a natural
infection of wild rodents in Central Asiatic
plateau long before its appearance in human
beings (Sussman 2011; Msangi 1975). The
commensal rats of the genus Rattus migrated
throughout the world from their original
home in Asia and became numerous after
development of towns, good transport
network and emerging of densely populated
urban and rural areas. In their endeavour of
fetching food and shelter, salvatic rodents
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penetrated  urban  environments  and
consequently facilitated transfer of plague
organisms to murine rodent population, thus
creating a secondary focus of the disease
which persisted alongside with its natural
foci (Linetal., 2012).

Origin and distribution of Plague in Africa

In Africa, the disease has been reported
in Northern, Eastern, Southern and Central
Africa during the 19" and 20" centuries. In
North Africa, plague outbreaks were reported
in Libya and Algeria in 2009 and 2003,
respectively where humans got infected after
consuming goat and camel meat (Cabanel &
Leclercq 2013; Bitam et al., 2010; Bertherat
et al., 2007; Bin Saeed et al., 2005). In East
Africa, countries affected were Kenya,
Uganda and Tanzania and the latter
experienced most recent and widely
outbreaks (Kilonzo 1999; 1996) while in
Uganda, the cases were first reported in 1876
(Roberts 1935). Many more outbreaks
occurred in the country during the 20™
century involving many cases and deaths
(Borchert & Mach 2007), whereas 3,292
deaths were attributed to the disease in 1913
(Low & Newman 1920).

Plague was presumably introduced in
Madagascar and Southern Africa by cargo
ships carrying rice and other food materials
from India in 1900 (Vogler et al., 2013;
Isaacson 1986). Several countries, including
Botswana, Namibia, Zimbabwe, Republic of
South Africa and Mozambique experienced
severe outbreaks of the disease during the
20" century (Neerinckx et al., 2008; Molefi
2001; Kumaresan et al., 1991). Similarly, the
island of Madagascar experienced severe
outbreaks during the period and has been

reporting such outbreaks to date. Indeed, the
most recent outbreaks of the disease occurred
in the island in 2014 and 2015 which
involved 41 cases with 19 deaths
(CF=46.3%) and 14 cases with 10 deaths
(CF=71.4 %), respectively (WHO, 2015;
2014). In Central Africa, Malawi,
Democratic Republic of Congo (DRC) and
Zambia experienced plague outbreaks in
different years. In DRC, such outbreaks
occurred in the eastern part of the country
bordering Rwanda, Burundi and Tanzania. In
Zambia, formerly known as Northern
Rhodesia, four plague outbreaks have been
reported during the past 30 years. These
occurred in North-western (McClean, 1995),
Southern (Hang’ombe et al., 2012; Dennis et
al., 1999) and Eastern provinces (Ngulube et
al., 2006; Neerinckx et al., 2010).

The disease has caused a lot of concern
and economic losses in African countries and
the world at large. In many countries re-
emerging outbreaks of the disease have
occurred after its disappearance of many
years. These outbreaks include those reported
in Botswana (1989), Madagascar (1991),
Algeria (2003) and Tanzania (2007/2008),
which recurred after being quiescent for 35
years, 60 years, 50 years and 30 years,
respectively (Kumaresan et al., 1991; Boisier
etal., 1997; Bertherat et al., 2007; Makundi et
al., 2008).

The objective of this study was to
determine factors that accelerated human
plague outbreaks in Zambia since 1914 and
advise the relevant authorities on the
potential magnitude of the problem prior to
developing appropriate preventive and
control strategies for the disease.
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Materials and Methods

A human plague database for Zambia
between 1914 and 2014 was created. Several
avenues were followed and various
information sources were consulted. The
table from the WHO Plague Manual (Dennis
et al., 1999) gives information about the
yearly numbers of cases per country and is
limited between the period 1954 and 1997, in
which Zambia is included (Table 1). Monthly
incidences of plague in Northern Rhodesia
(Barotseland), 1937-49 (Davis, 1953) was
also checked. The WHO  weekly

epidemiological records
(http://www.who.int/wer/en/) for 1951-2007
and ProMED-mail reports

(http://www.promedmail.org/) for 1994-—
2007 were also consulted. The Zambian
newspapers and Meteorological department
were also checked to get some more
information on rain patterns in relation to
plague outbreaks. In addition, computerised
searching of international literature databases
was carried out, namely PubMed
http://www.ncbi.nlm.nih.gov/PubMed/ and
www.worldcat.org, for the public health and
medical subjects in the Ministry of Health
London and Web of Science
(http://apps.isiknowledge.com/). A
systematic search strategy was employed
using the following search terms: ‘Africa’ or
the name of any African country (e.g.
‘Northern Rhodesia or Zambia, Union of
South Africa’) and ‘plague’ (e.g. ‘Yersinia
pestis’). The search was refined to
manuscripts that reported the occurrence of
animal or human plague in Southern and
Central African countries. Original full texts
were obtained for most studies and
additionally, the WHO library and archives in

Geneva, including non-published reports,
were studied and incorporated in the
database. This was supplemented with
information from Web-accessible documents
and other grey literature (mission reports, old
distribution maps, newspapers etc.) from
libraries and archives. The human plague
database for Southern Africa comprises
information on Zambia or Northern Rhodesia
that had experienced at least human plague
cases since 1914 were also checked.
Furthermore, specific information regarding
place, time and source of human plague was
extracted and additional remarks were
provided.

Results

From historical and epidemiological
perspectives search, three different zones
harbour plague endemic foci in Zambia.
These are:- Eastern zone, which includes
Luangwa valley, where outbreaks occurred in
Tembwe village in Chama district, Mukomba
village in Lundazi district and Chief Nyanje
in Sinda district; the Southern zone, which
includes Kabulamwanda and surrounding
villages in Namwala district and Western
zone which includes Chitokoloki in Balovale
(Zambezi district) in Zambezi plain (Fig 1,
Table 2).

Eastern zone
Luangwa and Lundazi outbreaks

According to available information, the
first reported plague outbreak in Zambia
(then Northern Rhodesia) was recorded in
thisarea in 1917, and it involved 96 cases and
93 deaths (Case Fatality (CF) =96.8%). The
outbreak occurred at Tembwe virizi village
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(11°20'S, 32°57'E) in the North of the
Luangwa valley in Chama district (Fig 1).
This was followed by another outbreak in
1918, which reportedly involved 59 cases and
57 deaths (CF=96.6%). Of these cases, 33
(55.5%) and 26 (44.1%) were females and
males, respectively. Concurrently, during the
plague outbreak, there was epizootic among
local house rats (Rattus rattus) and increase
in flea population, which was characterised
by unusual mortality of the animals (Davis et
al.,, 1960; Low & Newman, 1920). The
outbreak was preceded by heavy rainfall in
the area which flooded the rodent burrows
and probably forced them to look for
alternative dry habitants such as residential
houses and grain storage barns in the villages.
According to Low and Newman, (1920), the
factors which facilitated the spread of the
disease included socio-cultural practices such
as polygamy, under which a man got married
to many wives in different villages and
hence, upon visiting his wives in affected
homes, he could easily move with infective
fleas and consequently transmit the disease to
occupants in other homes. Furthermore, the
culture and practice of catching, transporting,
preparing and consuming rodents most likely
facilitated transmission and spread of the
disease in this area where 6 villages were
affected (Low & Newman 1920).

In 1956, the disease re-emerged at the
same focus and involved 36 cases and 5
deaths, respectively (CF=13.8%). Prior to the
outbreak, houses and grain storage barns
(Nkhokwe) were heavily infested with rats
and fleas and many rodents were found dead.
This probably facilitated the transfer of
infected fleas to human beings and
subsequently transmitted plague pathogens to

human population. According to Davies et al.
(1960) most of the patients in the outbreak
were infants and children, a fact which
probably attributable to the sleeping habits in
the area, where fathers usually sleep alone on
plank beds while mothers and children sleep
on reed mats on the floor and become
vulnerable to flea bites since such floors are
environmentally suitable for breeding of such
insects.

In the same year, there was another
outbreak of the disease in Mukomba village,
16km South-East of Lundazi district after
some villagers had noticed the increase in
numbers of rodents and fleas in their houses
and grain storage barns. The outbreak
occurred in March, when a fourteen 14 years
old girl died of the disease and a man with
similar symptoms was also admitted at the
Lundazi hospital of the same village in the
following month and he was successfully
treated with Oxytetracycline and Penicillin
(Davis et al., 1960).

Sinda district

According to the information retrieved,
plague outbreaks in Sinda district in Nyanje
chiefdom started in January 2001 and most
affected villages were those near the border
with Mozambique and later on it spread to
other parts of the Chiefdom. The outbreak
was reported after some villagers noticed
heavy rodent and flea infestations in houses
after the heavy rainfalls which flooded
streams and rodent burrows. The outbreak
involved 850 recorded cases and 11 deaths
(CF=1.3%) (Ngulube et al., 2006). During
group discussions and in-depth interviews
Ngulube et al. (2006) observed that beliefs
about witchcraft were common in the area
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and hence, discouraged patients from seeking
medical advice to modern clinic. The
community attributed the disease outbreak to
witchcraft and at the same time accused one
man for killing his daughter and a newly
crowned village chief for killing his subjects
probably to strengthen his chieftainship.
These cultural beliefs indirectly facilitated
the spread of the disease as they encouraged
communities to seek health services from the
traditional healers rather than modern clinics.
These observations were in consistency with
the findings reported in India (Aujoulat et al.,
2003). Another outbreak, which involved 213
reported cases and 2 confirmed deaths
(CF=0.9%) occurred at the same place in
January 2007 and mostly affected villages
were lying further away from the border
(Ministry of Health 2007; Neerinckx et al.,
2010). In addition to socio- cultural factors,
spread of the disease was also facilitated by
the movement of people from infected areas
to uninfected zones. As for the case of
Luangwa and Lundazi areas, movement of
people in Sinda district also involved in
transportation of personal belongings,
livestock, rodents and fleas, all of which were
pre-requisites of spreading and dissemination
of plague pathogens. Indeed, this was in
consistence with the reported observation in
China, where a domestic dog transmitted
plague to the herdsman in Zhihaigou,
Xinghai County when they moved from
Qinghai-Tibet plateau, which was an
established plague focus (Wang et al., 2011).

Western zone

Barotseland (Zambezi plain) and Balovale
The first recorded outbreak of plague

disease, in Zambezi plain (Barotseland

province) occurred in January 1937 near
Chitokoloki mission hospital. It was
generally believed that an improved transport
system facilitated the spread of plague
disease from endemic foci in South Africa to
plague free areas in Zambia through cargo
transported by train (Molefi 2001). Motor
transport and labour migration were most
likely responsible for plague introduction
into the area as people from the area were
employed as casual workers in gold mines
and farms. The 1937 outbreak involved 9
reported cases. More outbreaks were reported
in the same area in February 1940, October
1942 and November 1942 and involved 4, 6
and 7 reported cases respectively (Davis
1953).

The focus experienced further outbreaks
in December 1943 (5 cases), January 1944 (3
cases), December 1947 (1 case), January and
February 1948 (5 and 2 cases, respectively)
and February 1949 (2 cases) (Table 2) (Davis
1953; Molefi 2001). The Balovale area
(currently Zambezi district) in the Zambezi
plain experienced another outbreak of the
disease in October 1954 after being quiescent
for 17 years. This outbreak involved 9 and 5
reported cases and deaths (CF=55.6%)
respectively (Worsfold, 1955). In this
outbreak all the cases came from the same
village probably, because they stayed in one
house. The village headman reportedly died
suddenly, probably due to the fact that he was
not taken to the hospital followed by other
members of the family (Worsfold 1955). The
disease disappeared for 40 years and re-
surfaced at the same area in 1994 when 10
cases and 3 deaths (CF=30%) were reported
(McClean 1995). The outbreaks were
reported after a heavy downfall and flooding
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of the Zambezi River, which compelled
rodents and their fleas to evacuate their
burrows and sought for alternative residences
on dry land in the surrounding villages.
Disease outbreaks in the region usually
occurred between October and March during
which period there were heavy rains and most
rodent fleas, especially ubiquitous species
tend to migrate from the field to murine hosts.

The reported outbreaks of the disease in
the area, which had experienced the problem
in the past and become quiescent for a long
period of time, suggests that the disease can
break out at an endemic area, anytime if and
when favourable conditions prevail. In view
of this fact, therefore, recurrence of another
outbreak in the same area cannot be ruled out.

Southern zone
Namwala district

Namwala district in Kafue plain in
Southern Province, experienced an outbreak
of human plague for the first time between
December 1996 and February 1997, and
involved 316 reported cases of whom 26
(CF=8.2%) died. Since then, sporadic
outbreaks with various magnitudes had been
occurring in the area (Hang’ombe et al.,
2012; Dennis et al., 1999). These include the
2007 outbreak, which involved over 60
reported cases and 4 deaths (CF=6.67%), and
was associated with heavy rodent infestations
in granaries and fields where Rattus rattus
and Gerbils spp were respectively abundant
(Hang’ombe et al., 2012). The disease broke
out in the area during the wet season
(November to March) which flooded the
Kafue plains and rodent burrows and
consequently forced them together with their
fleas and seek refuge in human settlements.

The observations revealed that rodent and
flea population in the area were high and
rodents died in big numbers in grain storage
barns and shallow well (Hang’ombe et al.,
2012). As in most other plague outbreaks in
the country, communities in Namwala were
reluctant to be attended to by health
personnel as they associated the disease with
witchcraft. Such reluctance and consequent
delay or failure to administer appropriate
treatment, facilitated spread of the disease.
Furthermore, the life-style of residents such
as polygamy and the habit of staying in the
bush looking after livestock facilitated
transfer of infective fleas from one area to
another and exposed people to such infective
fleas (Goel et al., 2014).
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Table 2. Recorded human plague outbreaks in Zambia from 1914-2014

SIN  Year District Location No. of No. of References
recorded recorded
cases deaths
1917 Tembwe 96 93 Low & Newman, 1920;
1 Virizi Davis et al., 1960
1918 Chama Tembwe 59 57 Low & Newman, 1920;
Virizi Davis et al., 1960
1937 Zambezi Barotseland 09 09 Davis 1953
plain
2 (Balovale)
1940 Barotseland 04 04 Davis 1953
1942 Barotseland 13 13 Davis 1953
1943 Barotseland 05 05 Davis 1953
1944 Barotseland 03 03 Davis 1953
1947 Barotseland 01 01 Davis 1953
1948 Barotseland 07 07 Davis 1953
1949 Barotseland 02 02 Davis 1953
1954 Chitokoloki 9 5 Davis et al., 1960; Worsfold,
(CMML 1955
mission)
3 1956 Chama Tembwe 36 05 Davis et al., 1960
4 1956 Lundazi Mukomba 03 01 Davis et al.,1960
5 1987 * Zambia 1 01 Dennis et al., 1999
6 1994 Zambezi Chitokoloki 10 03 McClean 1995
plain
7 1997 Namwala Namwala 316 26 Dennis et al., 1999
district
8 2001 Sinda Nyanje 850 11 Ngulube et al., 2006
9 2007 Sinda Nyanje 213 02 MOH 2007;
Neerinckx et al., 2010
10 2007 Namwala Namwala 68 04 Hang’ombe et al., 2012
Total 1705 252

* Location not available
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Discussion
Socio-cultural human behaviour

The finding of this study suggests that
socio-cultural behaviour largely
contributed to the spread of plague disease
in Zambia as observed in most villages that
experienced an outbreak of the disease. The
type of behaviour included polygamy in
which the husband move from one house to
another in the same or different villages and
in so doing he could move with infected
fleas. Additionally, the life-style of most
residents in the villages such as sleeping
habits was observed to have an important
impact on the spread of the disease in most
outbreak areas. Furthermore, witchcraft
reportedly contributed to the spread of the
disease in these areas as most people
believed that the disease was caused by
magic, hence most patients were reluctant
to visit medical facilities for appropriate
and prompt treatment a fact which probably
led to the death of many patients as
observed in Sinda district and Chitokoloki
(Ngulube et al., 2006; Worsford 1955).

Man-rodent contact

The search revealed that in all areas
where plague broke out residents were in
constant contact with rodents and their fleas
when hunting the animals for food. As such
people were exposed to flea bites thus
contributing to outbreaks and the spread of
the disease. They tend to hunt and transport
or dispose of dead rodents in a manner
which facilitates infective fleas jumping
from dead rodents to human beings or any
other domestic animals. The tendency of
fleas to jump from dead rodents to
alternative host most likely occurred in all
the foci where dead rodents were found in
granaries, fields, borehole and shallow
water wells all of which were
environmentally conducive for fleas to

attack any animal which may pass nearby
(Low & Newman 1920; Davis et al., 1960).

Climate

The findings in this study further
suggest that heavy rains were important
contributing factor to outbreak and spread
of plague in Zambia, indeed, most
outbreaks usually occurred between
October and March in all foci. In Zambia
ambient temperatures for breeding occurred
during the rainy season and are suitable for
breeding of flea vectors as such most
epizootic and human disease are favoured
by sufficient populations of fleas and
susceptible rodents (Perry & Fetherston
1997). Likewise, heavy rainfall floods
rodent burrows and consequently force
occupants together with their flea ecto-
parasites to migrate to human habitations.
The observation is in consistency with
findings elsewhere, that plague outbreak
occurs during rainy seasons. Ben Avi et al.
(2011), observed that abundance of rodent
fleas was affected by suitable temperature,
rainfall and relative humidity and that
warm, moist weather was most suitable and
associated with probable high flea index, as
such weather has a direct effect on the
development, survival, behaviour and
reproduction of the insects (Ben Ari et al.,
2011).

Conclusion

On the basis of the foregoing
information, it is justifiably conclusive that
plague disease in Zambia usually occurs
during rainy seasons between October and
March, and that outbreaks are generally
associated with increased rodent and flea
populations, which are the natural
reservoirs and vectors, respectively. This is
consistent with the observation of Boisier et
al. (1997) in Madagascar, where human
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plague occurred during the same period of
time (Boisier et al., 1997). Other factors
which facilitated the disease outbreaks and
spread, included socio-cultural human
behaviour such as beliefs in witchcraft, life-
style of residents such as polygamy,
overcrowding in single house and man-
rodent contacts due to practice of hunting
and eating in such a rodent-ridden
environment. Furthermore, the pattern of
plague in Zambia demonstrates the typical
re-emerging nature of the disease and its
ability to break out after many years of
quiescence if and when favourable
conditions prevail as observed in the
Luangwa valley, where the first and second
outbreaks occurred in 1917 and 1956,
respectively. Chitokoloki in Zambezi plain,
where the first, second and third outbreaks
occurred in 1937, 1954 and 1994
respectively. In Namwala, the first outbreak
occurred in 1997 and the second occurred
in 2007 while in Nyanje in Sinda, the first
and second outbreaks occurred in 2001 and
2007 respectively. However, it is important
to note that reported statistics on plague
may be inadequate due to the
communication  problems, inadequate
surveillance and reporting activities, lack of
adequate  laboratory  facilities  and
inadequate trained health personnel for
carrying out confirmatory diagnosis of the
disease.

In view of the cumulative information
reviewed in this paper and established facts
about the nature of plague globally,
improving  surveillance  services in
established potential foci in Zambia is
recommended in order to get a clear picture
on endemicity of the disease in the country.
Data acquired from such activities may
serve as a basis for studying the
epidemiology and ecology of the disease,
which may help in early detection and

subsequently develop appropriate
preventive and control measures and
consequently  reduce morbidity and
mortality rates of the disease.
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