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Abstract

Background

Although anthrax is endemic in Lesotho, limited information is available on the patterns of
the disease among livestock animals. This study investigated temporal patterns of anthrax
outbreaks and cases among livestock animals in Lesotho.

Methods

Secondary data of anthrax outbreaks reported to the Department of Livestock Services
between January 2005 and December 2016 was used for this study. Proportions of anthrax
outbreaks and cases, and their corresponding 95% confidence interval were calculated and
compared across year, season, month and region using the Chi-square or Fisher’s exact
test. The autoregression model was used to evaluate annual trends of anthrax outbreaks
and cases.

Results

A total of 38 outbreaks were reported in the Lowlands districts of Lesotho. District was signif-
icantly (p<0.0001) associated with outbreaks and cases, with the highest proportions of out-
breaks (52.6%) and cases (70.2%) reported in Maseru. Significantly (p = 0.0004) higher
proportions of anthrax outbreaks (78.9%) and cases (95.1%) were reported in the rainy-hot
season compared to the dry-cold season. Five hundred and twenty-six (n = 526) anthrax
cases were reported with significantly (p<0.0001) higher proportion of cases (70.3%) in cat-
tle compared to other species. Higher proportion of anthrax cases (35.9%) were reported in
2008 and during the months of February (30.8%) and April (30.2%). There was no signifi-
cant annual trend in anthrax outbreaks (r = 0.0282; p = 0.6213) and cases (r = 0.0873;

p = 0.3512) over the study period.

Conclusion

The burden of anthrax in Lesotho is significantly higher in cattle. Anthrax outbreaks occur
only in the lowland districts and follow a seasonal pattern. Therefore, more effort should be
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targeted at curbing the disease in cattle and the lowlands districts. Furthermore, there
should be heightened monitoring of cases in the rainy season to ensure that resultant car-
casses are disposed of appropriately to minimise future outbreaks.

Introduction

Anthrax disease is caused by Bacillus anthracis, a gram-positive, aerobic, endospore-forming,
and rod shaped bacterium [1]. It is primarily a disease of herbivores, with cattle and sheep
being the most affected [2,3]. However, humans can be infected via handling and eating con-
taminated animal products [1]. Clinical presentation in animals include sudden death with
bloody discharge from the natural orifices, bloating, and dyspnea [4].

Outbreaks associated with B. anthracis have been reported in both developed and develop-
ing countries [1,5]. Although, the disease is endemic in South Africa [6], Zimbabwe [7],
Namibia [8], and Tanzania [9], it is still under-diagnosed and under-reported [10,11]. None-
theless, regional and seasonal differences in disease occurrence have been reported [12-14] fol-
lowing a prolonged hot dry spell, preceded by heavy rains [3,9,15]. In Zimbabwe, an increased
temporal trend from an annual mean of 3 outbreaks (1967-1971) to 42 outbreaks between
2002 and 2006 was observed [15].

Control of anthrax in endemic areas is implemented by vaccination of susceptible animals
and antibiotic therapy may be administered in the early stages of infection. In case of death,
infected carcasses can be disposed of by incineration or burial [4]. In Lesotho, all suspected
anthrax carcasses must be buried in accordance with the Livestock Industry Proclamation 10
of 1896 [16].

Livestock is the third most important source of income in Lesotho and a major contributor
of the country’s gross domestic product (GDP). The agriculture sector contributes 10% of
exports, of which, wool and mohair contribute 52%[17]. Therefore, animal mortalities and
hindrance of wool and mohair exports associated with anthrax outbreaks have the potential to
lower the country’s GDP.

Although anthrax is reported annually in Lesotho, there are no published studies on the
patterns of disease occurrence. The present study is based on the hypothesis that anthrax dis-
ease is endemic in Lesotho and that outbreaks exhibit no temporal or spatial patterns. There-
fore, the aim of this study was to investigate temporal patterns of anthrax outbreaks among
livestock in Lesotho between 2005 and 2016. This study being the first on anthrax in Lesotho,
serves as a baseline study for future studies of anthrax in Lesotho. Furthermore, by identifying
those areas and species with the highest burden this study provides information that can be
used to implement a risk-based approach to the control and prevention of anthrax in Lesotho.

Methods

Study area

Lesotho has 30 355 km? of area landlocked in South Africa, with approximately 540, 133 cattle,
1, 346, 596 sheep, 824, 698 goats and 43, 000 equines (Bureau of statistics, 2015). It is divided
into four agro-ecological zones; the lowlands (1,400 to 1,800 m), the Foothills (1,800 to 2,000
m), the Sengu River Valley (1,400 to 1,800 m) and the highlands (2,000 to 3,400 m) above sea
level [18]. For this study the country was divided into two topographical zones; the Lowlands
(1,400 to 2,000 m) and the highlands (2,000 to 3,400 m) above sea level. In addition, Lesotho is
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divided into ten districts namely; the highland districts that include Quthing, Qacha’s Nek,
Thaba-Tseka, Mokhotlong, Butha-Buthe, and the low land districts that include Leribe Mafe-
teng, Mohale’s Hoek, Berea and Maseru (Fig 1). The country experiences a rainy-hot season
from October to April, with the highest rain falling between December and February, and the
dry-cold season which is between May and September [19].

Data source

Anthrax disease is notifiable under the Lesotho Stock Disease Act; Proclamation 10 of 1896
[16]. Hence, reporting of all suspected cases of anthrax is mandatory. Confirmation of
reported cases is based on clinical presentation and microscopic examination of blood smears.
Therefore, all cases in the dataset of the epidemiology unit of the Department of Livestock Ser-
vices (DLS) in Maseru confirmed anthrax cases.

This study used secondary data of all anthrax outbreaks reported to the DLS, the World
Animal Health Information System of the World Organization for Animal Health (OIE-WA-
HIS) and the Animal Resources Information System (ARIS) of the African Union Inter Afri-
can Bureau for Animal Resources (AU-IBAR) between 2005 and 2016. An outbreak as defined
by DLS is an occurrence of one or more cases of anthrax in a location. The following variables
were extracted from the data; district, village, date of sample collection and the date of labora-
tory confirmation, species, number of cases and deaths. Anthrax outbreaks and cases were
analyzed at district levels. The project was approved by the Animal Ethics Committee of the
Faculty of Veterinary Science, University of Pretoria. Reference number: V087/17".

Data management and analysis

The data was checked for any inconsistencies including missing values. No inconsistencies
were identified in the dataset. All the anthrax outbreaks and cases were aggregated and ana-
lysed at district level using SAS 9.4 (SAS Institute Inc., Cary, NC). The Chi-square test was
used to assess for association between anthrax outbreaks and season, year, month and district.
However, when more than 20% of the cells had expected frequencies <5, Fisher’s exact test
was used. Similar tests were done for anthrax cases. The autoregressive model was used to eval-
uate annual trends in anthrax outbreaks and cases (S1 Appendix). The autoregressive model
was chosen because the error terms in time series data are often not independent. Therefore,
violating the normal, independent, identically distributed (NII) assumption about residuals
required by the OLS regression model. The significance of variables in the model was set at

o = 0.05 [20].

Results
Anthrax outbreaks

No outbreaks were reported from the highlands districts over the study period (2005-2016).
There was a significant association between district and number of outbreaks (P<0.0001). Out
of 38 outbreaks reported, most outbreaks occurred in Maseru (52.6%; n = 20), followed by
Mafeteng (15.8%; n = 6) and Mohale’s Hoek (15.8%; n = 6). The least number of outbreaks
were reported in Leribe (5.3%; n = 2). There was no significant annual trend in the number of
outbreaks (r = 0.0282; p = 0.6213) (Fig 2). Season was significantly (P = 0.0004) associated with
the number of outbreaks, with the rainy-hot season reporting a significantly higher number of
outbreaks (79.0%; n = 30) compared to the dry-cold season (Fig 3, Table 1).
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Fig 1. Map showing the ten administrative districts of Lesotho districts and the topographical zones.
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Fig 2. Distribution of anthrax outbreaks in Lesotho between 2005 and 2016. Notes: No anthrax outbreaks were reported in the year 2007.
https://doi.org/10.1371/journal.pone.0204758.9002
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Fig 3. Monthly and seasonal distribution of anthrax outbreaks in Lesotho, between 2005 and 2016. Notes: No anthrax outbreaks were reported in

the month of September.
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Anthrax cases

A total of 526 anthrax cases were reported over the study period (2005-2016), and all the cases
were from the lowland districts. Thus, the highlands districts did not report any cases. The
proportions of cases observed over the years were significantly associated with the type of
animal species (P<0.0001), with majority (70.3%; n = 370) of cases reported in cattle. District
was highly significantly (P<0.0001) associated with cases, with the majority of cases reported
in the Maseru district (70.2%) and very few (0.6%) in Leribe. Year was also significantly
(P<0.0001) associated with cases, with the majority of cases reported in 2008 (35.9%)
followed by 2006 (28.1%) (Table 2 and Fig 4). There was no significant annual trend in cases
(r=0.0873; p = 0.3512) (Fig 4). Likewise, months were significantly (P<0.0001) associated
with the number of cases reported, with February recording the highest number of cases
(30.8%) followed by April (30.2%) (Fig 5). High proportion of anthrax cases were reported in
the 2006 (28,1%) and 2008 (21.5%) outbreaks, respectively (Fig 6).

Discussions

In this study, we assessed the burden and temporal trends of anthrax outbreaks and cases in
Lesotho. A total of 38 outbreaks of anthrax were reported in Lesotho between 2005 and 2016.
In contrast, Kracalik et al [21] reported 67 anthrax outbreaks in Ghana between 2005 and 2016
and Chikerema et al [15] reported 282 anthrax outbreaks in Zimbabwe between 1967 and
2006. In 2016, livestock populations in Ghana (13 million) and Zimbabwe (8.7 million) were
higher than that reported in Lesotho (5.8 million) [22]. Therefore, the differences observed
could reflect the burden of the disease in the three countries.

All the outbreaks observed in this study occurred only in the lowland districts. This is con-
sistent with previous reports by Bengis [23], Dragon et al [24] and Chikerema [7] who also
observed a high incidence of anthrax outbreaks in the low-lying depressions compared to
highlands areas. Successive cycles of flood runoff and the evaporation of water have been
known to concentrate the anthrax spores in low-lying areas, which explains the tendency for
outbreaks to occur predominantly in the low-laying areas [25]. In addition, Dragon [24]
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Table 1. Distribution of anthrax outbreaks in Lesotho by district, year, month and season from 2005-2016.

Variable Frequency (%) 95% CI
District
Maseru 20 (52.6) 37.3-67.5
Mafeteng 6(15.8) 7.4-30.2
Mohale’s Hoek 6 (15.8) 7.4-30.2
Berea 4(10.5) 4.2-24.1
Leribe 2 (5.3) 1.5-17.3
Year
2005 2 (5.3) 1.5-17.3
2006 1(2.6) 0.5-13.5
2008 6(15.8) 7.4-30.2
2009 5(13.2) 5.8-27.3
2010 6 (15.8) 7.4-30.2
2011 1(2.6) 0.5-13.5
2012 1(2.6) 0.5-13.5
2013 5(13.2) 5.8-27.3
2014 3(7.9) 2.8-20.8
2015 4(10.5) 4.2-24.1
2016 4(10.5) 4.2-24.1
Month
January 7 (18.4) 9.2-33.4
February 7 (18.4) 9.2-33.4
March 6 (15.8) 7.4-30.4
April 4(10.5) 42-24.1
May 3(7.9) 2.7-20.8
June 2(5.3) 1.5-17.3
July 1(2.6) 0.5-13.5
August 2 (5.3) 1.5-17.3
October 1(2.6) 0.5-13.5
November 2 (5.3) 1.5-17.3
December 3(7.9) 2.7-20.8
Season
Rainy-hot 30 (78.9) 63.7-88.9
Dry-cold 8 (21.1) 11.1-36.3

Note: There were no outbreaks reported in the year 2007 and there were no outbreaks reported in September
throughout the study period (2005-2016).

https://doi.org/10.1371/journal.pone.0204758.t001

reported high incidences of anthrax outbreaks in areas with an ambient temperatures above
15.5 °C compared to those with ambient temperature <15.5 °C. The authors are of the view
this could also explain the high number of outbreaks in the lowlands compared to the high-
lands of Lesotho. Furthermore, the highlands of Lesotho are cold and experience temperatures
as low as -12.5 °C [19]. It is known that adverse environmental conditions like extreme cold

are not suitable for survival of the vegetative forms of B. anthracis cells [24].
The observed association between season and anthrax outbreaks and cases in Lesotho,

where proportions of outbreaks and cases were higher in the rainy-hot season compared to the
dry-cold season, is consistent with studies done in China [3] and in Tanzania [25]. For exam-
ple, in Tanzania, it has been reported [25] that a higher number of outbreaks tend to occur in
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Table 2. Distribution of anthrax cases in Lesotho by district, year, month and animal species between 2005 and

2016.

Variable Number (%) (95%CI)

District
Berea 51(9.7) 7.5-12.5
Leribe 3(0.6) 0.2-1.7
Mafeteng 56 (10.6) 8.3-13.6
Maseru 369 (70.2) 66.1-73.9
Mohale’s Hoek 47 (8.9) 6.8-11.7

Year
2005 9 (1.7) 0.9-3.3
2006 148 (28.1) 24.5-32.1
2008 189 (35.9) 32.0-40.1
2009 18 (3.4) 2.2-5.3
2010 16 (3.0) 1.9-4.9
2011 1(0.2) 0.0-1.1
2012 44 (8.4) 6.3-11.0
2013 17 (3.2) 2.0-5.1
2014 27 (5.1) 3.6-7.4
2015 7 (1.3) 0.6-2.7
2016 50 (9.5) 7.3-12.3

Month
January 99 (18.8) 15.7-22.4
February 162 (30.8) 27.0-34.9
March 47 (8.9) 6.8-11.7
April 159 (30.2) 26.5-34.3
May 9(1.7) 0.9-3.2
June 8 (1.5) 0.8-3.0
July 2(0.4) 0.1-1.4
August 7 (1.3) 0.6-2.7
October 1(0.2) 0.0-1.1
November 7 (1.3) 0.6-2.7
December 25 (4.8) 3.2-6.9

Species
Cattle 370 (70.3) 66.3-74.1
Sheep 86 (16.4) 13.4-19.8
Goats 24 (4.6) 3.1-6.7
Horses 21 (4.0) 2.6-6.0
Pigs 12 (2.3) 1.3-3.9
Donkeys 7 (1.3) 0.6-2.7
Equine 6(1.1) 0.5-2.5

Season
Rainy-hot 500 (95.1) 92.9-96.6
Dry-cold 26 (4.9) 3.4-7.1

Note: Throughout the study period (2005-2016), no anthrax cases were reported in September month and no cases

were reported in 2007

https://doi.org/10.1371/journal.pone.0204758.1002
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rainy hot season as compared to other seasons. The months of January and February in Leso-
tho receive the highest rainfall and are often the hottest months [18,26]. It is not surprising
that these same months had the highest number of outbreaks and cases reported. Studies have
shown that anthrax outbreaks tend to be preceded by either heavy rains and/or prolonged
droughts [4,24]. This is confirmed by studies that have reported that anthrax outbreaks usually
occur after a prolonged hot dry spell followed by heavy rains [4,9]. In contrast, in Zambia [14],
Ghana [21] and Zimbabwe [15], anthrax outbreaks were higher in the hot-dry seasons com-
pared to other seasons.

Studies done in Ghana [21], Kazakhstan [2], Ukraine [12] and China [3] reported higher
incidence of anthrax cases in cattle compared to other species. Similarly, we observed higher
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proportions of anthrax cases in cattle compared to other species. In contrast, in the Serengeti
National Park, Tanzania, impalas were the most affected species [9], while in Etosha National
Park, Namibia, zebra were primary affected [27]. The reasons for the disparity in species
affected could be due to differences in population distribution, feeding habits and types of agri-
cultural systems practiced. For example, in Lesotho, cattle, sheep and goats are usually grazed
while equines are housed and fed. Furthermore 70% of cattle in Lesotho are found in the low-
land districts that happen to be anthrax endemic areas, while sheep are predominantly kept in
the highlands [28]. In addition, our study looked at anthrax in domestic animals while Hamp-
son and Bellan [9,27] reported on anthrax in wild life.

A total of 526 cases of anthrax were reported over an eleven-year period (2005-2016) in
this study. This is lower than 2261 cases reported in China over eight years [3] and 851 cases
reported in Ghana over eleven years [21]. However, it is possible that the extent of the anthrax
situation in Lesotho may be underrated because some cases of anthrax in the most remote
areas with poor infrastructure may go unreported.

Although, the highest proportions of anthrax cases were reported in 2008, the 2006 out-
break had the highest number of cases in one outbreak followed by one of the outbreaks in
2008. This could be due to poor vaccination coverage during the previous year.

Lesotho’s annual vaccination reports show that vaccination was not carried out in 2007
contrary to the high number of animals vaccinated at the end of 2006 (S1 Appendix). It is pos-
sible that due to the high vaccination coverage in 2006, the immunity of the national herd was
high in 2007; which explains why no outbreaks were recorded in 2007. This finding is consis-
tent with the observation that the changes in vaccination policy affects occurrence of out-
breaks. For example, Kracalik [29] in Georgia reported an increase in the proportions of
anthrax cases in 2008 post annual vaccination policy change in 2007. Similarly, poor anthrax
vaccination coverage has also been linked to the high number of cases in Ghana [21].
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This study is not without limitations, for example the extent of the anthrax situation in
Lesotho may be underrated as mentioned above. This is because some anthrax cases in the
most remote areas with poor infrastructure may go unreported. In addition, the authors did
not have control over the quality of the data collected, which is a common limitation of retro-
spective studies. However, several measures can be taken to improve the quality of data collec-
tion for future studies. These measures may include standardisation of reporting forms and
terminology used to better provide accurate information. In addition, there is a need for train-
ing of all stakeholders involved in disease reporting including livestock owners on how to
identify outbreaks and cases. Accurate information on population size and geographic location
of disease can also be collected for future studies on spatial patterns of disease occurrence.
Nonetheless, this study is the first to report on temporal trends and the burden of anthrax out-
breaks and cases in Lesotho.

Conclusion

Anthrax outbreaks occur in the lowlands districts of Lesotho and mainly affect cattle. In view
of this, the authors recommend that more effort in terms of surveillance should be directed
at the lowlands districts of the country. The outbreaks follow a seasonal pattern with high
incidences in the hot-rainy season. Therefore, anthrax control strategies must include vacci-
nation of susceptible animals with more emphasis placed on cattle in the lowlands districts
prior to start of the rainy season. Furthermore, the authors recommend heightened monitor-
ing of outbreaks and ensuring of proper disposal of carcasses during the rainy season, to pre-
vent or minimize future outbreaks. It is possible that there are environmental and socio-
economic factors influencing the temporal and spatial pattern of anthrax outbreaks in Leso-
tho. In view of this, the authors recommend that future studies should consider investigating
local factors associated with disease outbreaks in the lowlands compared to highlands includ-
ing soil types.

Supporting information

S1 Appendix. Autoreg.
(DOCX)

$2 Appendix. Vaccination records.
(DOCX)

$3 Appendix. Dataset.
(XLSX)
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