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Objectives: To determine the risk factors associated with cutaneous anthrax 
infection in humans.

Methods: During 2013–2016, we investigated total 26 anthrax outbreaks across 
the country. We  additionally conducted a case–control study to identify risk 
factors by recruiting four controls for each enrolled case. Adjusted odds ratios 
(aOR) and 95% confidence intervals (CI) were estimated to identify risk factors 
using multivariate logistic regression.

Results: Over the study period, a total of 1,210 suspected cutaneous anthrax cases 
were identified in seven districts of Bangladesh. Most of the cases (61%, n = 744) 
were detected from Meherpur district. Cases were detected over the year, with the 
peak number of outbreaks occurring in May. The overall attack rate of suspected 
cutaneous anthrax cases for 16 outbreaks was 20%, with the highest rate occurring 
among individuals aged 40–49 years. Persons who had a cut injury (aOR 19.04, CI: 
4.08–88.86), weighed raw meat (aOR 5.73, CI: 3.03–10.83), mixed bones and meat 
(aOR 4.64, CI: 3.03–7.09), observed livestock slaughtering (aOR 2.86, CI: 2.02–
4.04), had direct contact to an anthrax suspected livestock (aOR 2.68, CI:1.61–
4.45), slaughtered livestock (aOR 2.29, CI: 1.3–4.02), and who did not wash hands 
with soap and water after direct contact (aOR 2.57, CI: 1.89–3.5) were more likely 
to develop cutaneous anthrax than people who did not have these exposures.

Conclusion: Prior cut injuries on exposed body areas during meat handling and 
slaughtering of sick livestock were identified as potential risk factors for cutaneous 
anthrax, highlighting the importance of preventing the slaughter of sick animals. 
However, stopping slaughtering sick livestock, handling meat and livestock by-
products to reduce anthrax exposures from livestock to humans may be difficult 
to achieve given the associated financial incentives in Bangladesh. Interventions 
such as hand washing with soap during slaughtering and processing meat can 
be targeted to affected communities to ameliorate some risk.
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Introduction

Anthrax is an acute bacterial zoonotic disease caused by Bacillus 
anthracis that infects livestock and human (1). Bacillus anthracis 
spores persist in soil for periods ranging from years to decades (2). 
Domestic cattle, sheep and goats often get infected after ingesting 
these spores from environment while grazing in pastures or through 
ingesting feedstuffs including concentrated feeds and grass that are 
contaminated with anthrax spores (3, 4). Anthrax usually causes three 
clinical forms of disease in humans: cutaneous, gastrointestinal, and 
inhalation anthrax. Of these three forms in humans, cutaneous 
anthrax comprises >95% of naturally occurring infections (5–8). In 
addition to these three distinct forms, a new type of anthrax known as 
‘injectional anthrax’ has been reported in Europe (9). Humans 
contract cutaneous anthrax through direct skin contact with 
B. anthracis infected animals during slaughtering animals and/or 
processing animal by-products (10, 11). There was limited or 
inconclusive evidence regarding the transmission of B. anthracis 
between individuals or among animals (11).

In Bangladesh, livestock and human infections with Bacillus 
anthracis have been reported since 1986 (12). While outbreaks were 
consistently reported in livestock since at least the 1980s, only sporadic 
human infections were reported prior to 2009 (12, 13). Between 2010 
and 2017, repeated outbreaks of human cutaneous anthrax from 16 
districts resulted in a total of 2,581 suspected anthrax cases (14). Persons 
slaughtering sick livestock, handling raw meat, handling of sick 
livestock, living in proximity to slaughtering or livestock death sites and 
handling of skins of infected livestock were at higher risk for cutaneous 
anthrax infection (12, 15, 16). Outbreak investigations followed by a 
subsequent case–control analysis may be useful to identify significant 
risk factors. The objectives of the outbreak investigations and subsequent 
case–control study were to describe the magnitude of cutaneous anthrax 
in terms of person, place and time in Bangladesh; and identify the risk 
factors for acquiring cutaneous anthrax among the people who had 
exposure to raw meat, body fluids, carcass and/or by-products of sick or 
slaughtered or dead livestock potentially infected with anthrax.

Methods

Study area

Outbreak investigations were conducted as part of the national 
anthrax surveillance in humans from 2013 to 2016. The Institute of 
Epidemiology, Disease Control and Research (IEDCR) under the 
Directorate General of Health Services (DGHS), Bangladesh led and 
coordinated the sentinel surveillance for human anthrax. The 
surveillance team visited affected communities in Bangladesh where 
suspected cutaneous anthrax case(s) were reported within 4 weeks of 
exposure to raw meat, body fluids, carcass or by-products of suspected 
livestock case(s) (Figure 1).

Outbreak notification and case 
identification

Human cases clinically compatible with symptoms of suspected 
cutaneous anthrax were reported to the IEDCR through any of the 
government health channels including district and sub-district 

healthcare managers, a hotline, a web-based integrated disease 
surveillance or a media-based surveillance (Supplementary Figure 1).

A multi-disciplinary One Health team consisting of trained 
epidemiologists, physicians, veterinarians, social scientists, trained 
phlebotomists and field data collectors from the Institute of 
Epidemiology, Disease Control and Research (IEDCR), and the 
International Centre for Diarrhoeal Disease Research, Bangladesh 
(icddr,b) visited each outbreak community (defined as any community 
with at least one suspected cutaneous anthrax human case reported 
within 1 month of illness onset) at least twice and conducted investigations.

At the initial visit, trained field data collectors searched an 
outbreak community with a reported suspected cutaneous anthrax 
case to identify the implicated livestock exposure, i.e., the suspected 
livestock anthrax case(s). The team then searched each affected 
community to identify and list all persons exposed to each suspected 
livestock anthrax case in the previous 2 weeks from illness onset. The 
field or local health team followed up with each exposed individual for 
2 weeks and categorized those with exposure and who developed 
symptoms suggestive of cutaneous anthrax as suspected cases.

Any person with acute skin lesion(s) developing over 2–6 days from 
a papular through a vesicular stage into a depressed black eschar with 
surrounding edema with or without fever, malaise, and 
lymphadenopathy having history of handling sick or slaughtered 
livestock (exposure to raw meat or body fluids or carcass or by-products) 
or contact with suspected livestock anthrax case(s) in the 2 weeks prior 
to illness onset was defined as a suspected case of cutaneous anthrax.

Any suspected cutaneous anthrax case with bacteriological 
evidence of B. anthracis infection (cultured cutaneous lesion swabs 
showing growth of characteristic, non haemolytic colonies; 
identification of Gram positive, non-motile, sporulated, bacilli on 
microscopy of culture smears stained with Gram stain and polychrome 
methylene blue; and lysed by gamma phage test) was defined as a 
laboratory confirmed cutaneous anthrax case (8, 17).

Any person with an illness clinically compatible with suspected 
cutaneous anthrax symptoms who was exposed in the previous 
2 weeks before illness onset to raw meat, carcasses, body fluids or 
by-products of sick or dead livestock linked epidemiologically to a 
laboratory confirmed human or a confirmed livestock anthrax case 
was defined as a probable cutaneous anthrax case.

Enrolment of participants for the case–
control study

The field team members approached laboratory confirmed and 
probable cutaneous anthrax cases and sought voluntary informed 
written consent for participation in the case–control study. The team 
physicians conducted interviews to collect clinical and exposure 
information and clinically examined enrolled cases using a structured 
questionnaire. The location of each enrolled case’s household was 
recorded with a hand-held Global Positioning System. All persons 
from the outbreak communities who did not develop clinical illness 
within 2 weeks of exposure to raw meat, carcasses, body fluids or 
by-products of sick or dead livestock or suspected case(s) of livestock 
anthrax were listed as eligible controls. Suspected animal anthrax case 
was defined as a domestic ruminant with any of the following 
symptoms per World Organization for Animal Health/World Health 
Organization guidelines: a steep rise in temperature, dullness, 
shivering, difficulty breathing, collapse and convulsions, bloody 
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discharge from the rectum or other natural openings and/or having 
sudden death within 24 h of onset of clinical illness, residing in the 
same village and with illness onset within 2 weeks of a laboratory-
confirmed animal or human cutaneous anthrax case (8).

The study team recruited one eligible control from each of the four 
households nearest to but not in the household of an enrolled case. 
Enrolled controls were interviewed using the same structured 
questionnaire as enrolled cases, to collect exposure information.

Sample collection and laboratory testing

Vesicular exudate swabs collected from skin lesions of affected 
persons were used for slide smear preparation. The slide smears were 

stained using Loeffler’s polychrome methylene blue for identification 
of anthrax bacilli by microscopy as described (18). IEDCR 
Microbiology laboratory performed staining and microscopy.

Statistical analysis

We generated frequencies to describe the outbreaks in terms of 
person, place and time. To estimate the attack rate, we included only 
the 16 outbreaks where almost all individuals exposed to the suspected 
animal anthrax case(s) in the affected community could be reliably 
identified. We excluded the outbreaks from attack rate estimation if 
tracing and identification of all contacts to an implicated animal was 
unclear and/or incomplete. For the attack rate calculation, 

FIGURE 1

Anthrax affected seven districts that reported at least one cutaneous anthrax outbreak, 2013–2016, Bangladesh (n  =  1,210).
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we specifically excluded 10 outbreaks that were reported from the 
district of Meherpur as we could not identify the total number of 
exposed individuals per implicated livestock. We divided the total 
number of suspected cutaneous cases by the total number of people 
who were exposed to raw meat, body fluids, carcass and/or 
by-products of a suspected livestock anthrax case(s) in the 2 weeks 
before outbreak onset to calculate the attack rate of suspected cases for 
each outbreak. We pooled these data across outbreaks to estimate the 
average proportion of exposed individuals developing the disease to 
determine the average attack rate. We also estimated age group specific 
attack rates.

We performed univariate analysis to identify the socio-
demographic, occupational, nutritional, and behavioral risk factors. 
We estimated odds ratios (OR), 95% confidence intervals (CI) and 
significance levels (p-values) for individual risk factors. The variables 
with a p-value of <0.05  in univariate analysis were selected for 
multivariate analysis. Backward stepwise selection of variables with a 
significance level of 0.05 was used to construct final models. Variables 
with a p-value of >0.05 were removed from the model. We estimated 
the adjusted odds ratios (aOR) using multivariate logistic regression, 
combining all significant variables.

Results

Descriptive epidemiology, geographic 
distribution and seasonal trend

During 2013–2016, a total of 26 outbreaks were reported in seven 
districts of Bangladesh. A total of 1,210 suspected cutaneous anthrax 
cases were identified and the majority of the cases (61%, n = 744) were 
identified in the Meherpur district (Figure  2). The mean age of 
suspected cutaneous anthrax cases was 32 years (range: 1–84 years) 
and 50% were males. Human cutaneous anthrax cases were detected 
over the year, with the highest number of outbreaks occurred in May, 
typically increasing in the month of April and decreasing in October. 
This pattern was consistent during 2013–2016 (Figure 3). Cluster of 
human cutaneous anthrax cases reported from all seven districts 
except the border district of Meherpur where both sporadic and 
cluster of cases were reported throughout the year. Throughout the 
study period, no cases of gastrointestinal or inhalation anthrax 
were detected.

The overall attack rate of suspected cutaneous cases for 16 
outbreaks was 20%. In these 16 outbreaks, a total of 2,121 
individuals were identified as having a confirmed history of 
exposure to suspected animal anthrax cases. They had direct or 
indirect contact with suspected livestock anthrax case(s) and their 
by-products during handling, slaughtering, and processing. Among 
the exposed individuals, 421 (20%) developed skin lesions that 
progressed from a papular stage to a vesicular stage, eventually 
forming a depressed black eschar surrounded by edema. A total of 
22 livestock (21 cattle and one buffalo) and their by-products were 
implicated in the 421 human cases of suspected cutaneous anthrax. 
The attack rates did not vary significantly by sex (21% in males and 
19% in females). The attack rate was highest among people aged 
between 40 and 49 years and lowest among children aged below 
10 years of age (Table  1). No death was reported during the 
study period.

Factors associated with suspected 
cutaneous anthrax

The study team visited the households of a total of 703 out of 
1,210 probable and/or laboratory confirmed cutaneous anthrax cases 
for enrolment into the case–control study. Among the 703 cases 
approached during the field visit, 298 were absent from their 
households and 40 did not provide consent for enrolment into the 
study. Therefore, a total of 365 suspected cutaneous anthrax cases and 
1,159 controls were recruited from five districts for the case–control 
study, following their informed written consent (Figure  2). The 
sociodemographic and clinical features of suspected 365 cases are 
presented in Supplementary Tables 1, 2. In univariate analysis, cases 
were more likely to have been exposed to the anthrax suspected 
livestock (OR 5.02, 95% CI: 3.16–7.96), had prior cut injuries on the 
exposed areas of the body (OR 33.53, 95% CI: 7.79–144.19), handled 
raw meat while butchering (OR 3.48, 95% CI: 2.72–4.44), slaughtered 
sick livestock (OR 6.59, 95% CI:4.55–9.55), weighed raw meat (OR 
7.7, 95% CI: 4.71–12.59), assisted in skinning (OR 6.01, 95% CI: 3.09–
11.69), mixed bones and meat together (OR 9.69, 95% CI: 6.63–
14.15), skinned a dead livestock (OR 6.97, 95% CI: 3.96–12.25) and 
assisted in slaughtering (OR 7.89 95% CI: 4.87–12.78) than controls 
(Table 2).

Multivariate analysis identified several statistically significant risk 
factors for cutaneous anthrax. People who had a prior cut injury on the 
exposed areas of the body (aOR 19.04, 95% CI: 4.08–88.86), assisted in 
slaughtering (aOR 2.29, 95% CI: 1.3–4.02), had direct exposure to the 
anthrax suspected live livestock (aOR 2.68, 95% CI:1.61–4.45), weighed 
raw meat (aOR 5.73 95% CI: 3.03–10.83), mixed bones and meat 
together (aOR 4.64, 95% CI: 3.03–7.09), observed livestock slaughtering 
(aOR 2.86, 95% CI: 2.02–4.04), did not wash hands with soap and 
water after direct contact with suspected livestock or their byproducts 
(aOR 2.57, 95% CI: 1.89–3.5) and did not wash hands with water (aOR 
2.92, 95% CI: 2.18–3.91) were more like to develop cutaneous anthrax 
than people who did not have these exposures (Table 2).

Laboratory tests results

IEDCR microbiology laboratory tested vesicular exudate swabs 
from 86 cases; identified blue-stained bacilli with squared ends by 
microscopy of vesicular smears in 14 cases (16%).

Discussion

Anthrax has been causing repeated outbreaks in both livestock and 
humans of Bangladesh (15, 19). Rural people were mostly affected 
because of frequent animal exposures and risky slaughtering practices 
(15). In this study, the outbreak investigation team identified multiple 
outbreaks in seven districts during 2013–2016 based on clinical, 
laboratory and epidemiological results. Majority of the anthrax 
outbreaks were reported from specific districts of north-western regions 
in Bangladesh where previous anthrax outbreaks had been reported, 
suggesting soil of these areas might contain more anthrax spores 
compared to other areas of Bangladesh (12, 15, 20, 21). An 
environmental study detected Bacillus anthracis spores in 14 soil 
samples from an anthrax outbreak district (Sirajganj) during January to 
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November in 2012 (22). Anthrax outbreaks mostly occurred during the 
warm months following heavy rainfall which is supposed to accumulate 
spore in low-lying areas (23, 24). The spatial pattern of anthrax 
occurrences in certain regions may be linked to particular ecological 
factors that are known to facilitate the persistence and activation of 
spores. Alkaline soils containing abundant organic matter, calcium, and 
various minerals can promote the proliferation of anthrax spores (25). 
In contrast, a previous small-scale study from Bangladesh found anthrax 
spores most commonly in slightly acidic soil samples (6.38 ± 0.15) (22). 
In-depth future investigations examining the link between ecological 
parameter and occurrence of repeated anthrax outbreaks may provide 
insights into the ecological risk factors, which could be  crucial for 
developing effective prevention and mitigation strategies.

Majority of the anthrax outbreaks occurred in Bangladesh during 
monsoon season (April–September) (12). In an earlier investigation 

conducted in Bangladesh, Bacillus anthracis isolates were identified in 
soil samples (11.67%) between May and November, while no isolates 
were found in samples collected during the dry season (December–
April) (20). Heavy rainfall during monsoon after a long dry period 
and alkaline soil with adequate nitrogen promote the anthrax spore to 
become infective that resulted in outbreaks in livestock (22, 26). A 
study detected anthrax spore in loamy type soil samples suggesting 
soil type could influence the existence of anthrax (22). Though our 
study detected human cases throughout the year, the highest number 
of outbreaks occurred in May, with the majority detected between 
April and October, which aligns closely with previous reports.

The attack rate of suspected cutaneous cases estimated in this 
study was 20% among the exposed individuals which was very similar 
to the attack rate (21.1%) reported by a study from Kenya (27). A 
previous study from Bangladesh reported a higher attack rate (49.2%) 

FIGURE 2

Flowchart showing participant enrolment into the anthrax case–control study from the 26 outbreaks reported in Bangladesh during 2013 and 2016.
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among individuals who slaughtered sick animals (12). An outbreak 
investigation in India reported relatively lower attack rate (7%) but the 
case fatality rate was higher (18%) (28). Untreated cutaneous anthrax 
can be fatal in up to 1 in 5 people (17). No fatal cases were reported in 
this study, possibly attributed to efficient healthcare access, prompt 
initiation of antibiotic therapy and cutaneous form of anthrax. Most of 
the previous human anthrax outbreaks caused cutaneous type lesions 
and almost all human cases were associated with animal cases (12, 15, 
20, 21). We also found similar clinical features of affected cases in this 
study. Similarly, all affected cases were exposed to anthrax suspected 
livestock and/or their by-products either directly or indirectly. The 
lower attack rate detected in this study compared to previous outbreaks 
in Bangladesh could be due to prior infection or exposure to anthrax 
and its associated acquired immunity. A previous study in the Kayseri 
region of Turkey detected T cell memory such as CD4 T cell response 

in humans after several years of infection (29). People of all age groups 
were susceptible to develop infection but people aged between 40 and 
49 years were mostly infected in this study. A previous study reported 
higher infection rates in people aged between 21 and 30 years (12). On 
the contrary, one study reported lowest attack rates (7.1 cases per 
10,000 persons) among people aged 15–44 years of age (30). As adults 
and younger individuals were likely to be mainly engaged in animal 
slaughtering, they may be  expected to be  more vulnerable to 
developing infection because of occupational exposure.

We identified several risky practices for human anthrax infection. 
The occurrence of anthrax infection in humans was significantly linked 
to prior cut injuries on exposed body parts, direct exposure to 
suspected anthrax-infected animals and their by-products, as well as 
involvement in slaughtering activities. Similar risky practices were 
identified by previous studies from Bangladesh (12, 15). Most of the 
livestock farmers have low-moderate income and they are at high risk 
for contracting anthrax because of frequent interaction with livestock. 
Their family income partially comes from animal husbandry. 
Slaughtering sick livestock is commonly practiced in rural areas of 
Bangladesh reported by a few studies (15, 31, 32). Though the price of 
meat from a sick animal is usually lower than a healthy animal, farmers 
try to overcome financial loss by selling meat from sick animals. Poor 
people living in rural areas prefer to buy meat from sick animals at a 
lower price. This kind of practices contributed to Bacillus anthracis 
transmission from affected animals to humans. When a sick animal is 
slaughtered, many people living in the community are exposed to 
affected animals by slaughtering, skinning and processing meat (12). 
Regardless of profession, age, or gender, individuals in the communities, 
including farmers and butchers, engage in slaughtering and processing 
meat and other animal by-products (15). People with abrasions, cuts 
and fissures in their skin are more likely to be at high risk for getting 
anthrax infection that other people (33). Individuals with pre-existing 
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FIGURE 3

Monthly distribution of suspected cutaneous anthrax cases, Bangladesh, 2013–2016 (n  =  1,210).

TABLE 1 Attack rates of suspected cutaneous anthrax cases among those 
exposed to anthrax infected livestock by age group, Bangladesh, 2013–
2016, (number of outbreaks  =  16).

Age 
group

Total number 
of exposed 
individuals
(n  =  2,121)

Total number 
of suspected 

cases 
(n  =  421)

Attack 
rate (%)

≤9 years 365 44 12

10–19 years 492 76 15

20–29 years 381 85 22

30–39 years 365 82 23

40–49 years 257 73 28

50–59 years 134 29 22

≥60 years 127 32 25
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TABLE 2 Univariate and multivariate analysis of risk factors for suspected cutaneous anthrax outbreaks, Bangladesh, 2013–2016.

Characteristics Case
N  =  365
n (%)

Control
N  =  1,159
n (%)

OR (95% CI, p) aOR (95% CI, p)

Direct exposure to the anthrax suspected livestock in the two weeks prior to the onset of outbreak

No 21 (6) 272 (23) Ref. Ref.

Yes 344 (94) 887 (77) 5.02 (3.16–7.96, <0.001) 2.68 (1.61–4.45, <0.001)

Handled raw meat while butchering

No 146 (40) 810 (70) Ref.

Yes 219 (60) 349 (30) 3.48 (2.72–4.44, <0.001)

Slaughtered the sick livestock in the two weeks prior to outbreak onset

No 295 (81) 1,108 (96) Ref.

Yes 70 (19) 51 (4) 6.59 (4.55–9.55, <0.001)

Weighed raw meat

No 312 (85) 1,134 (98) Ref. Ref.

Yes 53 (15) 25 (2) 7.7 (4.71–12.59, <0.001) 5.73 (3.03–10.83, <0.001)

Assisted in skinning

No 340 (93) 1,145 (99) Ref.

Yes 25 (7) 14 (1) 6.01 (3.09–11.69, <0.001)

Mixed bones and meat together

No 264 (72) 1,115 (96) Ref. Ref.

Yes 101 (28) 44 (4) 9.69 (6.63–14.15, <0.001) 4.64 (3.03–7.09, <0.001)

Skinned dead livestock

No 327 (90) 1,140 (98)

Yes 38 (10) 19 (2) 6.97 (3.96–12.25, <0.001)

Assisted in slaughtering

No 309 (85) 1,133 (98) Ref. Ref.

Yes 56 (15) 26 (2) 7.89 (4.87–12.78, <0.001) 2.29 (1.3–4.02, 0.004)

Carried the stomach of slaughtered livestock

No 335 (92) 1,132 (98) Ref.

Yes 30 (12) 27 (2) 3.75 (2.2–6.4, <0.001)

Cleaned the stomach of slaughtered livestock

No 325 (89) 1,103 (95) Ref.

Yes 40 (11) 56 (5) 2.42 (1.58–3.7, <0.001)

Handling meat of sick slaughtered livestock during cooking

No 261 (72) 905 (78) Ref.

Yes 104 (28) 254 (22) 1.4 (1.08–1.85, 0.01)

Handling and washing meat of sick slaughtered livestock

No 241 (66) 818 (71) Ref.

Yes 124 (34) 341 (29) 1.23 (0.96–1.58, 0.1)

Observed livestock slaughtering

No 267 (73) 1,048 (90) Ref. Ref.

Yes 98 (27) 111 (10) 3.46 (2.55–4.69, <0.001) 2.86 (2.02–4.04, <0.001)

Had a cut injury in the exposed parts of the body before handling raw meat of sick livestock

No 345 (95) 1,157 (100) Ref. Ref.

Yes 20 (5) 2 (1) 33.53 (7.79–144.19, <0.001) 19.04 (4.08–88.86, <0.001)

(Continued)
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cut injuries on exposed areas of their bodies were also found to be more 
susceptible to infection in this study. Slaughtering, skinning and 
processing meat are laborious works that expose individuals to injury 
risks. Though many people are exposed to anthrax suspected sick 
animals, a portion of individuals developed cutaneous anthrax lesions. 
The presence of cut injury could be the main contributing factor for 
getting infection from infected livestock. Inadequate livestock vaccine, 
low vaccination coverage, poor awareness about the impact of regular 
vaccination and access of high-quality vaccines may contribute to the 
occurrence of anthrax infection in livestock (12, 34). Mass awareness 
of the livestock farmers and community people regarding the risk of 
slaughtering sick livestock, importance of anthrax vaccination and 
deep burial practices for deceased livestock can be  effective in 
controlling anthrax in anthrax prone areas.

This study revealed that handwashing with soap following direct 
contact with sick or slaughtered livestock or their byproducts was 
more likely to protect the transmission of Bacillus anthracis from 
infected livestock to human. Handwashing was found effective against 
foodborne diseases and respiratory infections worldwide (35). 
Handwashing with soap can interrupt transmission of infectious 
diseases and can act as a type of environment decontaminant (36). 
Most of the farmers living in rural areas belong to the low to middle-
income class and they often slaughter moribund livestock to minimize 
financial loss due to the dead of the livestock. Stopping slaughtering 
sick animals may not be feasible due to the economic repercussions 
stemming from the loss of these animals particularly in rural areas. 
There is no functional system of financial incentives or health 
insurance for the poor-middle income farmers in Bangladesh. Given 
this scenario, focusing on implementing handwashing with water and/
or soap after direct contact with sick livestock and their by-products 
within the affected communities could help mitigate certain risks.

This study has few limitations. The cases and controls were mostly 
selected based on clinico-epidemiological evidence. Although controls 
were selected from those who were exposed to sick and/or slaughtered 
animals and/or their by-products, there may be possibility of latent or 
mild infections. This suggests the possibility of some misclassification 
bias in selection of controls in this case–control analysis. The 

laboratory diagnosis of cases in this study was primarily relied on 
staining by Loeffler’s polychrome methylene blue and microscopy, 
although the identification of B. anthracis via microscopy was 
considered presumptive. Due to limited resources, we were unable to 
use real-time polymerase chain reaction (RT-PCR) to confirm cases.

Conclusion

Bacillus anthracis caused recurrent outbreaks affecting both 
humans and livestock in the northwestern part of Bangladesh. The soil 
in this region might harbor anthrax spores more abundantly compared 
to other parts of the country. Stopping slaughtering sick livestock, 
handling meat and animal by-products to reduce anthrax exposures 
from livestock to humans may be  difficult to achieve given the 
associated financial incentives in Bangladesh. Interventions such as 
hand washing with water and/or soap after the contact with sick 
animals and their by-products can be targeted to affected communities 
to ameliorate some risk. The government should prioritize annual 
vaccination of all cattle and goats in this region to reduce livestock 
outbreaks and promote safe burial of dead livestock, minimizing the 
spillover of Bacillus anthracis into the environment.
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TABLE 2 (Continued)

Characteristics Case
N  =  365
n (%)

Control
N  =  1,159
n (%)

OR (95% CI, p) aOR (95% CI, p)

Age of the respondents

0–10 year 44 (12) 251 (22) Ref.

11–20 year 46 (18) 279 (24) 1.34 (0.88–2.04, 0.16)

21–30 years 95 (26) 248 (21) 2.18 (1.46–3.25, <0.001)

31–40 year 83 (23) 179 (15) 2.64 (1.75–3.99, <0.001)

>40 year 77 (21) 202 (17) 2.17 (1.43–3.29, <0.001)

Washed hands with soap and water after handling raw meat of sick/slaughtered livestock

Yes 177 (49) 262 (22) Ref. Ref.

No 188 (52) 897 (77) 3.22 (2.51–4.12, <0.001) 2.57 (1.89–3.5, <0.001)

Washed hands with only water after handling raw meat of sick/slaughtered livestock

Yes 195 (53) 343 (30) Ref. Ref.

No 170 (47) 816 (70) 2.72 (2.14–3.47, <0.001) 2.92 (2.18–3.91, <0.001)
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with the local legislation and institutional requirements. Written 
informed consent was obtained from the owners for the participation 
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from the individual(s) for the publication of any potentially 
identifiable images or data included in this article.

Author contributions

SC: Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Investigation, Methodology, Project administration, 
Resources, Validation, Visualization, Writing – original draft. MI: 
Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Investigation, Methodology, Supervision, Writing – 
review & editing. NH: Conceptualization, Data curation, Formal 
analysis, Investigation, Methodology, Supervision, Visualization, 
Writing – review & editing. MH: Conceptualization, Data curation, 
Formal analysis, Investigation, Project administration, Writing – 
review & editing. MA: Formal analysis, Visualization, Writing – 
review & editing. MS: Conceptualization, Formal analysis, 
Methodology, Writing – review & editing. MU: Formal analysis, 
Investigation, Visualization, Writing – review & editing. MbR: 
Conceptualization, Data curation, Formal analysis, Investigation, 
Writing – review & editing. MmR: Conceptualization, Data curation, 
Formal analysis, Investigation, Methodology, Supervision, Writing – 
review & editing. FH: Conceptualization, Data curation, Formal 
analysis, Funding acquisition, Investigation, Methodology, Project 
administration, Resources, Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This study was 

funded by the Centers for Disease Control and Prevention, USA 
(cooperative agreement no. 1U01GH001207-01).

Acknowledgments

We want to convey our deep gratitude to all individuals who took 
part in this study. We gratefully acknowledge icddr,b core donors 
(Government of Bangladesh and Canada) for their unrestricted 
support. We express our heartfelt thanks to Dr. Steve Luby and Dr. 
Emily Gurley for their valuable inputs during protocol development 
and implementation of this study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1442937/
full#supplementary-material

References
 1. Fasanella A, Galante D, Garofolo G, Jones MH. Anthrax undervalued zoonosis. Vet 

Microbiol. (2010) 140:318–31. doi: 10.1016/j.vetmic.2009.08.016

 2. Barandongo ZR, Dolfi AC, Bruce SA, Rysava K, Huang Y-H, Joel H, et al. The 
persistence of time: the lifespan of Bacillus anthracis spores in environmental reservoirs. 
Res Microbiol. (2023) 174:104029. doi: 10.1016/j.resmic.2023.104029

 3. Mongoh MN, Dyer NW, Stoltenow CL, Khaitsa ML. Risk factors 
associated with anthrax outbreak in animals in North Dakota, 2005: a 
retrospective case-control study. Public Health Rep. (2008) 123:352–9. doi: 
10.1177/003335490812300315

 4. Saile E, Koehler TM. Bacillus anthracis multiplication, persistence, and genetic 
exchange in the rhizosphere of grass plants. Appl Environ Microbiol. (2006) 72:3168–74. 
doi: 10.1128/AEM.72.5.3168-3174.2006

 5. Kayabas U, Karahocagil MK, Ozkurt Z, Metan G, Parlak E, Bayindir Y, et al. 
Naturally occurring cutaneous anthrax: antibiotic treatment and outcome. 
Chemotherapy. (2012) 58:34–43. doi: 10.1159/000335593

 6. Kracalik I, Malania L, Tsertsvadze N, Manvelyan J, Bakanidze L, Imnadze P, et al. 
Human cutaneous anthrax, Georgia 2010-2012. Emerg Infect Dis. (2014) 20:261–4. doi: 
10.3201/eid2002.130522

 7. Tutrone WD, Scheinfeld NS, Weinberg JM. Cutaneous anthrax: a concise review. 
Cutis. (2002) 69:27–33.

 8. WHO/OIE/FAO. Anthrax in humans and animals. 4th ed World Health 
Organization (WHO), OIE, Food and Agricultural Organization (2008).

 9. Berger T, Kassirer M, Aran A. Injectional anthrax-new presentation of an old 
disease. Eur Secur. (2014) 19:20877.

 10. Doganay M, Metan G, Alp E. A review of cutaneous anthrax and its outcome. J 
Infect Public Health. (2010) 3:98–105. doi: 10.1016/j.jiph.2010.07.004

 11. Cieslak TJ, Eitzen EM Jr. Clinical and epidemiologic principles of anthrax. Emerg 
Infect Dis. (1999) 5:552. doi: 10.3201/eid0504.990418

 12. Chakraborty A, Khan SU, Hasnat MA, Parveen S, Islam MS, Mikolon A, et al. 
Anthrax outbreaks in Bangladesh, 2009-2010. Am J Trop Med Hygiene. (2012) 86:703–10. 
doi: 10.4269/ajtmh.2012.11-0234

 13. Fasanella A, Garofolo G, Hossain MJ, Shamsuddin M, Blackburn JK, Hugh-Jones 
M. Bangladesh anthrax outbreaks are probably caused by contaminated livestock feed. 
Epidemiol Infect. (2013) 141:1021–8. doi: 10.1017/S0950268812001227

 14. OHDB. One Health Event Based Surveillance System Dashboard. Number of 
suspected anthrax cases in Bangladesh in 2010–17. (2023). Available at: https://ohebsdd.
org/dash.

 15. Islam MS, Hossain MJ, Mikolon A, Parveen S, Khan MS, Haider N, et al. Risk 
practices for animal and human anthrax in Bangladesh: an exploratory study. Infect Ecol 
Epidemiol. (2013) 3. doi: 10.3402/iee.v3i0.21356

 16. Rume F, Karim M, Ahsan C, Yasmin M, Biswas P. Risk factors for bovine anthrax 
in Bangladesh, 2010–2014: a case-control study. Epidemiol Infect. (2020):148.

 17. Boyer AE, Quinn CP, Beesley CA, Gallegos-Candela M, Marston CK, Cronin LX, 
et al. Lethal factor toxemia and anti-protective antigen antibody activity in naturally 
acquired cutaneous anthrax. J Infect Dis. (2011) 204:1321–7. doi: 10.1093/infdis/jir543

 18. Owen M, Schauwers W, Hugh-Jones M, Kiernan J, Turnbull P, Beyer W. A simple, 
reliable M'Fadyean stain for visualizing the Bacillus anthracis capsule. J Microbiol 
Methods. (2013) 92:264–9. doi: 10.1016/j.mimet.2013.01.009

https://doi.org/10.3389/fpubh.2024.1442937
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1442937/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1442937/full#supplementary-material
https://doi.org/10.1016/j.vetmic.2009.08.016
https://doi.org/10.1016/j.resmic.2023.104029
https://doi.org/10.1177/003335490812300315
https://doi.org/10.1128/AEM.72.5.3168-3174.2006
https://doi.org/10.1159/000335593
https://doi.org/10.3201/eid2002.130522
https://doi.org/10.1016/j.jiph.2010.07.004
https://doi.org/10.3201/eid0504.990418
https://doi.org/10.4269/ajtmh.2012.11-0234
https://doi.org/10.1017/S0950268812001227
https://ohebsdd.org/dash
https://ohebsdd.org/dash
https://doi.org/10.3402/iee.v3i0.21356
https://doi.org/10.1093/infdis/jir543
https://doi.org/10.1016/j.mimet.2013.01.009


Chowdhury et al. 10.3389/fpubh.2024.1442937

Frontiers in Public Health 10 frontiersin.org

 19. Islam SS, Sarker MS, Akhter AT, Shanta IS, Rahman AM, Sufian MA. Animal, 
human, and environmental perspectives on anthrax in Bangladesh. Heliyon. (2023)

 20. Hassan J, Ahsan MM, Rahman MB, Chowdhury SMZH, Parvej MS, Nazir K. 
Factors associated with repeated outbreak of anthrax in Bangladesh: qualitative and 
quantitative study. J Adv Vet Anim Res. (2015):2.

 21. Siddiqui MA, Khan MAH, Ahmed SS, Anwar KS, Akhtaruzzaman SM, Salam MA. 
Recent outbreak of cutaneous anthrax in Bangladesh: clinico-demographic profile and 
treatment outcome of cases attended at Rajshahi Medical College Hospital. BMC Res 
Notes. (2012) 5:464. doi: 10.1186/1756-0500-5-464

 22. Ahsan MM, Rahman Khan MF, Rahman MB, Md Ziqrul Haq Chowdhury S, 
Parvej MS, Jahan M, et al. Investigation into Bacillus anthracis spore in soil and analysis 
of environmental parameters related to repeated anthrax outbreak in Sirajganj, 
Bangladesh. Thai J Vet Med. (2013) 43:449–54. doi: 10.56808/2985-1130.2505

 23. Acha P, Szyfres B. Anthrax In: Anonymous Zoonoses and communicable diseases 
common to man and animals. 2nd ed. Washington: World Health Organization 
(1987). 10–5.

 24. Choquette L, Broughton E. Anthrax In: JW Davis, LH Karstad and DO Trainer, 
editors. Infectious diseases of wild mammals. 2nd ed. Ames: Iowa State University Pr 
(1981). 28B–296B.

 25. Dey R, Hoffman PS, Glomski IJ. Germination and amplification of anthrax spores 
by soil-dwelling amoebas. Appl Environ Microbiol. (2012) 78:8075–81. doi: 10.1128/
AEM.02034-12

 26. Moazeni Jula G, Jabbari A, Malek B. Isolation of anthrax spores from soil in 
endemic regions of Isfahan, Iran. Arch Razi Institute. (2004) 58:29–38.

 27. Muturi M, Gachohi J, Mwatondo A, Lekolool I, Gakuya F, Bett A, et al. 
Recurrent anthrax outbreaks in humans, livestock, and wildlife in the same locality, 
Kenya, 2014–2017. Am J Trop Med Hygiene. (2018) 99:833. doi: 10.4269/
ajtmh.18-0224

 28. Chakraborty PP, Thakurta SG, Satpathi PS, Hansda S, Sit S, Achar A, et al. 
Outbreak of cutaneous anthrax in a tribal village: a clinico-epidemiological study. JAPI. 
(2012) 60:11.

 29. Ingram RJ, Metan G, Maillere B, Doganay M, Ozkul Y, Kim LU, et al. Natural 
exposure to cutaneous anthrax gives long-lasting T cell immunity encompassing 
infection-specific epitopes. J Immunol. (2010) 184:3814–21. doi: 10.4049/
jimmunol.0901581

 30. Kaufmann AF, Dannenberg AL. Age as a risk factor for cutaneous human anthrax: 
evidence from haiti, 1973–1974. (2002).

 31. Islam SS, Chakma S, Akhter AT, Ibrahim N, Talukder F, Chowdhuary GA. 
Investigation of animal anthrax outbreaks in the human–animal interface at risky 
districts of Bangladesh during 2016–2017. J Adv Vet Anim Res. (2018) 5:397. doi: 
10.5455/javar.2018.e290

 32. Dutta PK, Biswas H, Ahmed JU, Shakif-Ul-Azam M, Ahammed BMJ, Dey AR. 
Knowledge, attitude and practices (KAP) towards anthrax among livestock farmers in 
selected rural areas of Bangladesh. Vet Med Sci. (2021) 7:1648–55. doi: 10.1002/vms3.561

 33. Finke E-J, Beyer W, Loderstädt U, Frickmann H. The risk of contracting anthrax 
from spore-contaminated soil–a military medical perspective. Eur J Microbiol Immunol. 
(2020) 10:29–63. doi: 10.1556/1886.2020.00008

 34. Parai D, Pattnaik M, Choudhary H, Padhi A, Pattnaik S, Jena S, et al. Investigation 
of human anthrax outbreak in Koraput district of Odisha, India. Travel Med Infect Dis. 
(2023) 56:102659. doi: 10.1016/j.tmaid.2023.102659

 35. Cairncross S. Handwashing with soap–a new way to prevent ARIs?: Citeseer. 
(2003). p. 677–679.

 36. Gamage BMoore D, Copes R, Yassi A, Bryce EBC Interdisciplinary Respiratory 
Protection Study Group. Protecting health care workers from SARS and other 
respiratory pathogens: a review of the infection control literature. Am J Infect Control. 
(2005) 33:114–21. doi: 10.1016/j.ajic.2004.12.002

https://doi.org/10.3389/fpubh.2024.1442937
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1186/1756-0500-5-464
https://doi.org/10.56808/2985-1130.2505
https://doi.org/10.1128/AEM.02034-12
https://doi.org/10.1128/AEM.02034-12
https://doi.org/10.4269/ajtmh.18-0224
https://doi.org/10.4269/ajtmh.18-0224
https://doi.org/10.4049/jimmunol.0901581
https://doi.org/10.4049/jimmunol.0901581
https://doi.org/10.5455/javar.2018.e290
https://doi.org/10.1002/vms3.561
https://doi.org/10.1556/1886.2020.00008
https://doi.org/10.1016/j.tmaid.2023.102659
https://doi.org/10.1016/j.ajic.2004.12.002

	Risk factors associated with cutaneous anthrax outbreaks in humans in Bangladesh
	Introduction
	Methods
	Study area
	Outbreak notification and case identification
	Enrolment of participants for the case–control study
	Sample collection and laboratory testing
	Statistical analysis

	Results
	Descriptive epidemiology, geographic distribution and seasonal trend
	Factors associated with suspected cutaneous anthrax
	Laboratory tests results

	Discussion
	Conclusion

	References

