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The human cutaneous anthrax case-fatality rate is ≈1%
when treated, 5%–20% when untreated. We report
high case-fatality rates (median 35.0%; 95% CI 21.1%–
66.7%) during 2005–2016 linked to livestock handling in
northern Ghana, where veterinary resources are limited.
Livestock vaccination and access to human treatment
should be evaluated.

D

espite being one of the earliest diseases described, anthrax, caused by infection with the
bacterium Bacillus anthracis, remains a global public
health concern, especially in resource-limited, rural
agricultural areas, including West Africa (1). Cutaneous anthrax, the most common human form, is readily treatable with antimicrobials and has a case-fatality rate (CFR; annual anthrax deaths/annual anthrax
cases) ≈1%. Left untreated, CFR increases to 5%–20%
for cutaneous anthrax and 25%–60% for gastrointestinal anthrax (1,2). However, Ghana has a history of
human anthrax associated with high CFRs. One study
reported that nearly 1,000 persons died from anthrax
in Ghana during 1980–2000 (3). Most cases occurred in
northern Ghana and were attributed to spillover from
infected livestock. A 2017 study modeling the geographic distribution of anthrax risk in Ghana corroborated those findings and identified Northern, Savannah, Upper West, North East, and Upper East regions
(using the current nomenclature for regions) as the
areas of greatest risk for anthrax persistence in livestock and associated risk to humans (4). A 2000 study
(3) focusing on Tamale, a major livestock production and trading center in northern Ghana, identified
behaviors that increased risk for acquiring anthrax
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infection. These behaviors included neglecting livestock vaccination despite local vaccine production
and availability, slaughtering, butchering, and distributing the meat from livestock that were sick or
had died from anthrax, and believing that cooking the
meat with specific herbs makes it safe to consume. In
addition, the use of untested herbal or holistic treatments to cure anthrax has increased CFR; use of plants
to treat anthrax has also been described in Nigeria (5).
Whereas human and livestock anthrax outbreaks
are reported nearly annually in Ghana (3,4), most
available studies are dated or limited to the distribution of human cases within specific communities or
over short time periods (6). Here we describe human
anthrax cases and resulting deaths reported across
northern Ghana during 2005–2016.
The Study
We obtained data for the study through a One Health
collaboration of the Ghanaian Ministries of Statistics,
Health and Veterinary Services, and Agriculture, as
part of anthrax surveillance capacity building aimed
at integrating livestock and human reporting (4). Data
included field reports not previously aggregated in
national reports, reviews of national reports filed
with the appropriate ministries, and outbreak investigations captured in gray literature or peer-reviewed
articles. We used livestock data published elsewhere
(4,7). Ethics approval was received by the Noguchi
Memorial Institute for Medical Research in Accra.
Human anthrax cases were reported by district
in Upper East region and a single district in Northern region. Data from Upper East were limited to
aggregated annual counts per district for 2005–2015;
limited line list data were available for 2016. Casepatient age and sex were available in Upper East for
a subset of years, 2008–2014; other regions included
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Figure. Districts in northern Ghana reporting human anthrax case
and mortality data during 2005–2016.

human anthrax fatalities by month and year during 2005–2016. Deaths were aggregated by month
and by year for comparison to livestock reports. No
information was available on the form of infection
(e.g., cutaneous, gastrointestinal).
We calculated CFRs and exact binomial CIs using the epitools package in the R software package
(The R Project for Statistical Computing, https://
www.r-project.org). We calculated median CFRs
with bias-corrected and accelerated CIs with 10,000
replicates using the boot package in R. Because Upper East data were more complete, we calculated
CFRs by district and year.

During 2005–2016, a total of 38 human deaths
from anthrax were reported in Ghana, 30 from Upper East and 8 from Northern regions. For 8 cases
with month of occurrence documented, deaths were
reported in March, April, June, and December. Four
deaths occurred during March and April, and in the
Upper East, corresponding to seasonal peaks and
geographic concentrations of livestock anthrax (4,7).
District-level data reported 30 (36.1%) deaths
from 83 human anthrax cases in Upper East, including 1 district, West Mamprusi (now part of North
East; Figure). During 2005–2016, Bawku West reported outbreaks in 4 years, Talensi Nabdam in 3
years, and other districts in 1 year. Cases of human
anthrax peaked in 2006, 2008, and 2014 (Table). One
study reported 43 livestock anthrax outbreaks in
Northern region during 2005–2012; in 6 (14.0%) of
those outbreaks, human cases were reported (8).
From the 28 cases of cutaneous human anthrax in
those 6 outbreaks, 6 (22.2%) persons died. However, neither case counts nor mortality rates could
be directly associated with other reported livestock
outbreaks. This disconnection of data on human anthrax cases from livestock outbreaks has been documented elsewhere (9). In data from Upper East with
information on the age and sex of case-patients,
75.6% (31/41) of patients were men, consistent
with rates in a previous report (6). Of the 31 men,
48.4% (15/31) died compared with 40.0% (4/10) of
women. For all cases with age data, median age was
38 years (range 7–81 years) for men and 39.5 years
(range 4–61 years) for women.
Conclusions
We found CFRs from recurrent anthrax outbreaks
associated with human deaths in northern Ghana
exceeded expected global CFRs for treated and untreated cutaneous anthrax and were likely untreated
gastrointestinal anthrax. Evidence of the consumption of anthrax-contaminated meat in the region

Table. Annual human mortality by district for Upper East region and a single district from what is now North East region (formerly part
of Northern region), Ghana, 2006–2016
Region and district
Year
Cases
Deaths
Case-fatality rate (95% CI)
Upper East
Bawku West
2006
27
6
22.2 (8.6–42.3)
2012
3
2
66.7 (9.4–99.2)
2013
7
6
85.7 (42.1–99.6)
2014
1
1
100.0 (2.5–100.0)
Garu-Tempane
2008
10
3
30.0 (6.7–65.2)
Talensi Nabdam
2008
6
1
16.7 (0.4–64.1)
2009
9
2
22.2 (2.8–60.0)
2014
10
6
60.0 (26.2–87.8)
Bongo
2012
5
2
40.0 (5.3–85.3)
North East*
West Mamprusi
2007
5
1
20.0 (0.5–71.6)
*Current region for this district.
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suggests gastrointestinal anthrax is probably underrecognized in Ghana (1,2,10). The very high death
rates may indicate that gastrointestinal anthrax is
frequent in Ghana (1), which is supported by findings regarding beliefs in the same area about what
meat is safe to consume (3). A study in Tamale,
Ghana, found that livestock dying from anthrax are
considered a ready source of meat for local community members, potentially leading to high human
case numbers from relatively few animals (3). More
education about the risks of consuming meat from
animals that die suddenly is needed to counteract
this belief.
The form of anthrax in cases identified here was
undocumented. However, CFRs for human anthrax
in Ghana were higher than for outbreaks in Thailand (CFR = 4%) and Zambia (CFR = 19%) involving
gastrointestinal anthrax (10,11). High anthrax CFRs
highlight 2 challenges. First, access to treatment may
be limited, requiring long-distance travel in some settings (11). Second, anthrax underreporting is common, particularly for gastrointestinal anthrax because
symptoms are atypical. There is insufficient awareness among healthcare providers and limited diagnostic capacity in rural endemic areas; anthrax should
be included in differential diagnoses.
Although not captured in the data here, 2 deaths
in March 2016 in Ghana were reported as suspected
anthrax in the human health reporting system but
could not be laboratory confirmed (data not shown).
Both were reported as anthrax based on clinical signs
and an epidemiologic link to livestock clinically diagnosed by the veterinary reporting system. This incident, coupled with findings from our analyses, illustrates the need for joint evaluation of records and
uniformity in case definitions between human and
animal reporting systems.
Early treatment is crucial for recovery from anthrax; prophylactic antimicrobial drugs are recommended for persons with known or suspected exposure to anthrax-contaminated meat or livestock.
Livestock vaccination remains the most effective
control method for reducing anthrax burden in livestock and humans (12,13); however, minimal vaccination uptake persists because of beliefs about its
effectiveness and limited veterinary services and
because underreporting associated with diagnostic capacity hinders vaccination campaigns. Recent
models prioritized geographic areas for prevention
and control (1,4).
Our findings highlight the need for education
about the risks of consuming meat from sick or dead
animals and the benefits of livestock vaccination,
1218

increased healthcare provider awareness, and evaluation of accessibility to anthrax treatment. These findings support ongoing efforts in Ghana to coordinate
human and livestock anthrax reporting and to improve
and expand diagnostic capacity.
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