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available at the end of the article risk practice, and perception of anthrax among the high-risk working groups, such

as meat processors, butchers, animal farmers, meat vendors, para-veterinarians,
veterinarians, cleaners, administrative staff, and animal traders in slaughterhouses (SHs)
in Nigeria. Also, the national preparedness towards an outbreak was evaluated.

Method A total of 627 participants were purposively selected from seven States
and interviewed using a semi-structured questionnaire. Data was analysed using
descriptive and logistic regression statistics.

Results Most (499; 81.4%) of the participants were males, with the mean age being
37.3+12.0 years old, and the majority (471, 78.1%) had no tertiary education. One-
third (207, 32.7%) of the participants self-reported being aware of anthrax, and 13.2%
indicated that anthrax was a serious disease for both animals and humans. The
knowledge median score was 0.0 (min 0, max 30), the general knowledge level was
poor (16.8%), and 91.2% (527) of participants fell within this category. The practice
median score was 6.0 (min 0, max 12) and categorised as generally poor (52.9%).
Gaps observed in practices that could promote the risk of participants’exposure to
anthrax included slaughtering sick animals for human consumption, splashing blood
on inspected carcasses, carrying carcasses on heads or shoulders, and disposing of
condemned animal tissues or organs in open dumps. One-third of participants (202,
32.2%) strongly perceived that efficiently implementing vaccination in livestock
would reduce the outbreak in humans. Furthermore, participants with no tertiary
qualifications and no veterinary background had increased odds (COR: 14.378,

95% Cl;4.923-41.991, p=0.000) and (COR: 9.157, 95% Cl; 3.644-23.008, p=0.000)

of having an inadequate knowledge level of anthrax, respectively. Participants who
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were non-veterinarians/non-para veterinarians had increased odds (COR: 3.471, 95%
Cl: 1.629-7.392, p=0.001) of having a poorer practice level than veterinarian or para
veterinarians. Conversely, participants less than 37 years old had lower odds (COR:
0.268, 95% Cl: 0.148-0.486, p=0.000) of having a poor practice level than those above
the age.

Conclusion The knowledge level of the high-risk working groups was poor, with
observable critical risk practices. Promoting media publicity and awareness creation,
vaccination, effective disease surveillance, on-farm biosecurity, and adequate border
control are critical strategies to prevent anthrax outbreaks in Nigeria.

Keywords Anthrax, Knowledge, Risk Practice, Perception, Slaughterhouse, Public
health, One Health

1 Background

Anthrax is an infectious zoonotic and neglected tropical disease of enormous economic
and public health consequences. Anthrax was prioritised as the 5th most important
“One Health” zoonosis after rabies, avian influenza, Ebola Virus Disease, and swine
influenza in Nigeria in 2019 [1]. The disease is caused by a bacterium called Bacillus
anthracis, which primarily affects herbivores such as goats, sheep and cattle, and other
mammals, including humans. The pathogen can be transmitted to humans through the
consumption of contaminated foods and products of animal origin and contact with
infected animals. In addition, the bacterium can occur naturally in the environment, is
highly resistant, and its persistence may become complicated due to the impact of global
warming [2].

Recently, an outbreak of anthrax was reported in the neighbouring country, Ghana,
in June 2023, with confirmed suspected anthrax infections and fatality among 11 indi-
viduals who consumed the carcass of dead cattle [3]. By July 13, 2023, the Federal Min-
istry of Agriculture and Rural Development (FMARD), Nigeria, officially confirmed and
reported its first case of anthrax in a mixed livestock farm in Niger State, northern Nige-
ria (with a subsequent outbreak in an abattoir setting in Oko Oba, Lagos State, south-
western Nigeria). The farm was reported to have experienced sudden deaths of livestock
with eight mortalities. In addition, the animals that died were observed to have been
bleeding from external orifices, with the blood failing to clot [3]. The disease can spread
rapidly across borders due to its transboundary nature and capability, thus requiring a
regional collaborative one-health approach among sub-Saharan nations to mitigate the
disease and consequent burdens.

The report of the disease in Nigeria prompted early intervention measures by FMARD
and the Nigeria Centre for Disease Control and Prevention (NCDC) to contain the
spread. These interventions included the constitution of a ‘One Health” technical work-
ing team, stimulation of a National Incident Management System, appointment of an
incident response manager, contact tracing of persons and livestock exposed to the
index cases, and improvement of an Incident Action Plan (IAP) for confirmed cases in
humans. Other measures were: the acquisition of medical countermeasures and con-
sumables such as medications, personal protective equipment (PPEs), and laboratory
consumables; activation of real-time laboratory testing; quarantine of affected and sus-
ceptible farms; vaccinations of animals, as well as sensitisation and risk communication

initiatives [4].
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Anthrax has been established to affect risk groups, especially people who are in close
contact with animals and potentially contaminated animal products. These groups
include veterinarians, abattoir and slaughterhouse workers, animal farmers, and pro-
ducers. The disease has been estimated to cause about 2000 human and 85,235 animal
deaths globally [1, 5, 6]. However, the case fatality rates in humans vary according to the
pathway of exposure and infection, with the risk of death in intestinal and respiratory
anthrax being between 25-75% and 5-80% respectively, even with treatment [5]. Though
listed and documented as one of the priority one health zoonoses in Nigeria in 2019,
anthrax is still a neglected disease, as little or no substantial strategic action plans for
its intervention have been implemented. Aside from the challenge of real-time diagnos-
tic capacities in animal and human health sectors, which hampers mitigation strategies,
poor risk communication and public awareness, even among the high-risk population
groups, and poor funding for animal health, especially vaccination, and multisectoral
surveillance worsen the disease situation. Importantly, the disease has been associated
with various perceptions, poor awareness, knowledge, and practices even among the
high-risk agricultural communities [7, 8]. Studies [8—10] have shown that knowledge,
risk practices, and perception of the disease are inadequate, especially among the public
and livestock keepers, and such could play key roles in the persistence of the disease
outbreaks. This study, therefore, assessed the knowledge, risk practices, and perception
towards anthrax, especially among the high-risk working groups in Slaughterhouses
(SHs) communities in Nigeria, considering the recent outbreaks in Nigeria and neigh-
bouring Ghana. Also, the national preparedness towards an outbreak was evaluated. The
study identified gaps that can promote evidence-based decisions for the review of action
plans to mitigate further disease outbreaks in the country, and the development of tar-
geted educational literacy programmes among farmers, animal health workers and han-
dlers, and the general public using a “One Health” approach.

2 Methods

2.1 Study location and design

The Federal Republic of Nigeria is situated in West Africa between latitudes 4—14° N
and longitudes 2—16° E and occupies a land area of 917,156 km? with over 230 million
inhabitants [11]. It is bordered in the north by the Niger and Chad Republics, in the
east by Cameroon, in the west by the Benin Republic, and in the south by the Gulf of
Guinea and the Atlantic Ocean. Nigeria consists of 36 States categorised into six geo-
political zones—Southwest, Southeast, Southsouth, Northeast, Northwest, Northcentral,
and the Federal Capital Territory (FCT) [12]. Four (4) geopolitical zones in Nigeria and
at least one (1) State from the zones were conveniently selected for the study. The study
was consequently conducted in seven (7) States from the Southeast (Enugu and Ebonyi
States), North-central (Kwara State), Northwest (Zamfara and Kebbi States), and South-
west (Ogun and Oyo States) geopolitical zones of Nigeria (Fig. 1). A multistate cross-
sectional study was conducted among SH workers who are considered to have a high
risk of exposure to anthrax.

The level of knowledge, practice, and perception relating to the disease, and the
national preparedness towards an outbreak were investigated. Central SHs within the
capital cities of each State were covered. The survey was conducted from July (a week
before an outbreak was confirmed in Nigeria) to September 2023.
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Fig. 1 Geospatial Representation of States in Nigeria that participated in the study

The SHs were visited for the recruitment of participants from the various high-risk
groups. These included veterinarians, para-veterinarians, butchers, meat processors,
meat vendors, animal farmers, SH administrative staff, and cleaners. The participants
were at least 18 years old, actively working at the SH, and willingly consented to take
part in the study.

2.2 Sample size calculation

The sample size was determined by the formula: n=Z?P (1-P)/d? where n=required
sample size, Z =confidence level at 95% (standard value 1.96), P =the expected propor-
tion (0.5) of participants to have a good level of knowledge, practice, and perception, and
d=level of precision at 5%. A total of 384 participants were estimated, and a 10% non-
response rate was added to give a total of n=423. Using non-probability convenience
sampling, responses were obtained from a total of 627 SH workers across the seven
States in Nigeria.

2.3 Questionnaire design, pretest, and data collection

The self-reported SH worker questionnaire was designed after an extensive literature
review of related studies conducted elsewhere in Africa and Asia [8, 9, 13—15] and infor-
mation from the World Health Organisation (WHO) and European Centre for Disease
Prevention and Control (ECDC) official websites [16—19]. The tool evaluated the levels
of knowledge, risk practice, perception, and preparedness towards anthrax among SH
workers in major cities of Enugu State (Nsukka), Ebonyi State (Abakaliki), Kwara State
(Ilorin), Zamfara State (Gusau), Kebbi State (Birnin Kebbi), Ogun State (Abeokuta) and
Oyo State (Ibadan). All questions were written in English and were administered by field
enumerators who translated the questions from English to local dialects for uneducated
participants.
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The questionnaire began with a brief overview of the nature and purpose of the study
(Questionnaire S 1). Then, it was divided into four sections (A to D) to assess the sociode-
mographic profiles of participants (section A), participants’ awareness and knowledge
about anthrax (B), risk practice, perception and prevention (C), and national prepared-
ness towards an anthrax outbreak (D). Sections A to C were filled by all participants,
while information regarding the country’s preparedness for an anthrax outbreak (section
D) was obtained from veterinarians and para-veterinarians only. Five questions were
asked regarding age, gender, education, occupation, and religion in the demographic
section. The second section evaluated the awareness and knowledge of participants
about the disease by asking 15 questions with subcategories. The third section assessed
risk practices and perception toward the prevention of disease (19 questions). Twelve
of the questions for practice were tested as Yes, No, and I don’t know. The perception
questions (7) were tested by a 5-point Likert scale of “Not Sure’, “strongly disagree’, “dis-
agree’, “agree’, and “strongly agree” The last section comprised nine questions to assess
how prepared the government was in mitigating an outbreak, and responses based on
the perception of veterinarians and para-veterinarians were collected for this section.
One of the questions asked the veterinarians and para-veterinarians to rank anthrax on
a scale of 1 to 10 among other zoonoses for government prioritisation and intervention.
Also, we wanted to know if the disease should be considered a “One Health” Zoonosis
and controlled using a “One Health” approach. Similarly, other questions were based on
a 5-point Likert scale as previously described.

Face validation of the questionnaire was performed by four qualitative and quantita-
tive experts in the subject area, and revisions were made based on their comments and
recommendations to enhance relevance and clarity. Subsequently, it was pilot-tested
among SH workers (n=20) in a slaughterhouse, who were excluded from this study. The
measure of reliability or internal consistency of the survey instrument was estimated
using Cronbach’s alpha coefficient. The reliability of questions used to assess the knowl-
edge and risk practices was 0.98 and 0.88, respectively. Further necessary modifications
were made based on the outcome of the pilot study.

2.4 Statistical analyses

Data generated were captured and filtered in Microsoft Excel, 2013 (Microsoft Cor-
poration, Redmond, WA). Data analyses were conducted with Microsoft Excel (2013),
GraphPad Prism 10.2.2, and IBM SPSS 25.0 for descriptive and inferential statistics.
Descriptive statistics were conducted for all categorical variables and presented in the
form of frequencies and proportions/percentages. The levels of measured outcomes
for knowledge and practices were expressed as median (minimum and maximum). A
numeric scoring system was used to determine the knowledge and practice of anthrax
among the participants. Briefly, for knowledge scoring, each score was graded as “1”
(correct) and “0” (where wrong answers/I don’t know/no responses were provided), with
the maximum score being 32 and ranging from 0 to 32. For practice, each score was
graded as “1” for right practice and “0” for wrong practice/I don’t know/no response. The
maximum score for this part was 12 and ranged from 0 to 12. The scores for knowledge
and practice were thereafter converted to percentages for level classifications. The study
participants who scored >70% were classified as having adequate knowledge and good
practice, while <70% as having inadequate knowledge and poor practice. These cut-off
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points were set as it is expected that participants have high knowledge and demonstrate
best practices that would reduce their risk of exposure [12].

The knowledge and practice scores across demographic categories were compared
using Kruskal-Wallis and Mann—Whitney rank sum tests, depending on the normality
check of datasets by the Shapiro—Wilk or Kolmogorov—Smirnov test. The correlations
between knowledge and risk practice scores were assessed by using Spearman’s correla-
tion rank coefficient. Correlations greater than |0.5| were considered strong correlations,
whereas correlations between |0.3| and |0.5| were considered moderate correlations,
and finally, correlations lower than |0.3| as weak correlations. A value of p<0.05 was set
for all statistically significant variables.

Furthermore, binary logistic regression analysis (BLRA) was conducted to identify
demographic predictors (age, gender, level of education, religion, and occupation) for
the outcome variables (knowledge and practice). A value of p<0.05 was set for all statis-
tically significant variables, and Crude odds ratios (CORs) were computed to determine
the strength of associations between variables at 95% confidence intervals (Cls). Missing
data were handled using the SPSS pairwise deletion to enable the use of all available data
for the regression analysis.

3 Results

3.1 Socio-demographic profiles of participants

A total of 627 SH workers participated in the study, giving a response rate of 163.3%.
Out of the 627, a total of 499 (81.4%) were male, while 114 (18.6%) were female. The
mean age of participants was 37.3 years (+12.0). The majority (456, 73.5%) of the par-
ticipants belonged to the Islamic faith, while 151 (24.4%) were Christians, and others
were traditionalists or a combination of one or more of the faiths (2.1%). For the educa-
tional background, 87 (14.4%) and 45 (7.5%) of the participants had tertiary and diploma
qualifications, respectively. The majority (218, 36.2%) had secondary school leaving
certificates. The participants majorly belonged to specific working categories such as:
meat processors (115, 18.7%), butchers (171, 27.8%), animal farmers (28, 4.6%), meat
vendors (122, 19.8%), para-veterinarians (36, 5.9%), veterinarians (28, 4.6%), SH cleaners
(19, 3.1%), the administrative staff (5, 0.8%), and animal trader (1, 0.2%). Table 1 further
describes the socio-demographic characteristics of participants.

3.2 General awareness and knowledge about anthrax among the high-risk SH working
groups in Nigeria

Only about one-third (32.7%) of the participants self-reported having heard about
anthrax. The top three media channels from where participants received information
about the disease were veterinary professionals (13.4%), radio (11.9%), and internet/
social media (6.2%). Figure 2 describes the other media from which information about
the disease was received. Thirty participants (4.8%) self-reported having once been
infected with the disease. The majority (61.4% and 72.1%) did not know or respond to
our question on the aetiology of the disease and whether the disease could be contracted
from sick humans, respectively. A minority (14.2%) correctly indicated that bacteria were
the cause of anthrax. Equally, a low percentage (13.2%) of the participants were aware
that anthrax is a serious and severe disease in animals and humans, and that anthrax
could be transmitted from only animals to humans (19.8%).
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from July to September 2023 in Nigeria

Variables Categories Frequency Percentage 95% Cl
Gender (613) Male 499 814 781-843
Female 114 18.6 15.7-219
Age Group (inyears,n=531) 18-22 51 9.7 74-124
23-27 75 14.2 14174
28-32 85 16.0 13.1-194
33-37 78 14.8 119-179
38-42 72 135 109-16.7
>42 170 318 28.2-36.1
Educational Level (603) No Formal 110 18.2 154-215
Primary 143 237 20.5-27.2
Secondary 218 36.2 324401
Diploma 45 7.5 56-99
Tertiary 87 144 118-175
Religion (n=620) Islam 456 735 69.9-769
Christianity 151 244 21.1-279
Islam & Christianity 1 0.2 <00-10
Traditionalist 9 1.5 0.7-2.8
All of the Above 3 0.5 0.09-1.5
Occupation (n=615) Meat processor 115 18.7 158-219
Butcher 171 278 244-315
Butcher & meat processor 78 12.7 10.3-155
Butcher & farmer 4 0.7 0.19-1.7
Butcher & meat processor & meat vendor 7 1.1 0.5-2.3
Meat vendor 122 19.8 168-23.2
Para-veterinarian 36 59 4.2-8.0
Veterinarian 28 4.6 3.1-6.5
Animal farmer 28 46 3.1-6.5
SH cleaner 19 3.1 1.9-48
Animal trader 1 0.2 <00-10
SH staff 5 0.8 0.3-19
Location (State) Ebonyi 107 17.1 143-20.2
Enugu 64 10.2 8.1-12.8
Kwara 57 9.1 71-11.6
Zamfara 49 78 59-10.2
Kebbi 45 7.2 54-9.5
Oyo 148 236 204-27.1
Ogun 157 250 21.8-286

n=number of Response

Few participants self-reported that pathogens could be transmitted through; con-
sumption of contaminated animal products such as meat and “ponmo” (hides, 24.1%),
touching of such products (21.2%), especially during slaughtering (18.2%), processing
of hides and skins (18.5%), handling of infected animals (19.1%), and contaminated soil
(15.6%). Identification of symptoms of the infection in animals and humans by partici-
pants was low. Approximately one-third (33.0%) of the participants knew that the pre-
ventive measure for anthrax was vaccination. Table 2 provides responses relating to

knowledge about anthrax.

About 25.5% of the participants self-reported having heard about the outbreak of
anthrax in neighbouring countries such as Ghana during the period of the study, and
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Fig. 2 Channels of information from where participants have heard about Anthrax

33.0% indicated that the disease in animals and humans is preventable by vaccinating
animals.

The knowledge median score was 0.0 (min 0, max 30). The participants’ knowledge
level was categorised as inadequate, with most (91.2%, n=527/627) of them falling
within this level.

Table 3 further describes the knowledge scores across the demographics of the
respondents.

A significant variation in knowledge score was observed across age categories
(p=0.0035), educational background (p<0.0001), religion (p=0.0286), occupational
groups (p <0.0001), and States (p <0.0001), Table 3.

3.3 General practice regarding anthrax among high-risk SH workers in Nigeria
Practices that may likely expose SH workers to anthrax and aid the transmission of the
disease were assessed. The median score for practice was 50.0 (min 0.0, max 100), and
the practice level was categorised as being poor (52.9%). Most of the participants (421,
67.1%) fell within the poor practice level, while others (206, 32.9%) had good practice
towards anthrax. From the study, a total of 105 (16.7%) self-reported being involved
with meat inspection, 276 (44.4%) slaughtering of animals and washing of carcasses,
277 (46.6%) skinning, 265 (42.3%) hide (“ponmo”) processing and cleaning of offal. Also,
254 (40.5%) of the participants’ self-reported to carry carcass on head or shoulder, 224
(35.7%) splash blood from other animals on carcasses, 229 (36.7%) slaughter sick or
moribund animals for human consumption, 89 (14.4%) slaughter and sell condemned
animals for consumption, 256 (41.0%) dispose condemned animals openly or on open
dumps, 256 (40.8%) bury condemned animals, and 415, (66.3%) claim to use personnel
protective coverings. The practice scores across the various demographic variables are
described in Table 4.

A significant difference in practice scores was observed among gender (p =0.0010), age
groups (p<0.0001), educational background (p=0.0002), religion (p=0.0108), occupa-
tional groups (p <0.0001), and States (p <0.0001), Table 4.
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Table 2 The knowledge of anthrax (cause, transmission, symptoms/clinical signs, control and
prevention) among SH workers (n=627)

Variables Categories Frequency Percentage 95% Cl
Aware of anthrax

Yes 205 327 29.1-36.4

No/IDN/NR 422 67.3 63.5-70.8
The causative agent for anthrax

Correct 89 14.2 011.6-17.1

Incorrect/IDN/NR 538 85.8 82.8-88.3
Is anthrax a serious disease in humans and animals?

Correct 83 13.2 10.8-16.1

Incorrect/IDN/NR 544 86.8 83.8-89.2
Can anthrax be obtained from a sick person?

Correct 28 4.5 3.1-64

Incorrect/IDN/NR 599 95.5 93.6-96.9
Anthrax can only be transmitted from animals to humans

Correct 121 19.8 16.4-22.5

Incorrect/IDN/NR 503 80.2 76.9-83.2
Can get anthrax by eating infected meat and meat products e.g., ponmo (hides)?

Correct 151 241 20.9-27.6

Incorrect/IDN/NR 476 759 72.4-79.1
Can get anthrax by touching infected meat and meat products e.g.,, ponmo (hides)?

Correct 133 21.2 18.2-24.6

Incorrect/IDN/NR 494 78.8 754-81.8
Can get anthrax during the slaughtering of livestock?

Correct 114 18.2 153-214

Incorrect/IDN/NR 513 81.8 786-84.6
Can get anthrax through the processing of hair, hides, skins, and bone?

Correct 116 18.5 15.6-21.7

Incorrect/IDN/NR 511 815 78.2-84.3
Handling infected animals without protective covering?

Correct 120 19.1 16.25-22.4

Incorrect/IDN/NR 507 80.9 77.5-83.7
Through contaminated soil?

Correct 98 156 12.9-0.18.6

Incorrect/IDN/NR 529 84.4 81.3-87.0
Is sudden death a symptom of infection in animals?

Correct 131 209 17.89-24.2

Incorrect/IDN/NR 496 79.1 75.7-82.1
Is un-clotted dark red blood a symptom of infection in animals?

Correct 129 20.6 17.5-23.9

Incorrect/IDN/NR 498 794 76.1-824
Is bleeding from the natural orifices a symptom of infection in animals?

Correct 134 214 18.3-24.7

Incorrect/IDN/NR 493 786 752-816
Is incomplete stiffening a symptom of anthrax in animals?

Correct 134 214 183-24.7

Incorrect/IDN/NR 493 786 75.2-81.6
Is pain a symptom of anthrax in animals?

Correct 94 15.0 124-18.0

Incorrect/IDN/NR 533 85.0 81.9-87.6
Is swelling a symptom of anthrax in animals?

Correct 99 15.8 13.1-18.8

Incorrect/IDN/NR 528 84.2 81.1-86.8

Is fatigue a symptom of infection in animals?
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Table 2 (continued)

Variables Categories Frequency Percentage 95% Cl

Correct 103 16.4 13.73-19.5

Incorrect/IDN/NR 524 83.6 80.4-86.3
Can identify symptoms in humans?

Yes 105 16.8 14.0-19.8

No 522 832 80.1-85.9
Is fever a possible symptom of disease in humans?

Correct 103 16.5 13.7-19.5

Incorrect/IDN/NR 524 835 80.4-86.2
Is chills a possible symptom of disease in humans?

Correct 91 14.5 0.11.9-017.5

Incorrect/IDN/NR 536 855 0.82.50-0.9069-94.7-88.0
Is fatigue a possible symptom of disease in humans?

Correct 94 15.0 124-0.18.1

Incorrect/IDN/NR 532 85.0 81.8-874
Are skin rashes a possible symptom of disease in humans?

Correct 49 7.8 595-10.2

Incorrect/IDN/NR 578 922 89.8-94.0
Is lack of appetite a possible symptom of anthrax in humans?

Correct 85 136 11.1-16.4

Incorrect/IDN/NR 542 86.4 83.5-88.9
Is coughing a possible symptom of anthrax in humans?

Correct 90 144 11.8-173

Incorrect/IDN/NR 537 85.6 82.6-88.1
Is headache a possible symptom of anthrax in humans?

Correct 87 139 11.3-16.8

Incorrect/IDN/NR 540 86.1 83.2-88.6
Is irritability a possible symptom of anthrax in humans?

Correct 44 7.0 52-93

Incorrect/IDN/NR 583 93.0 90.6-94.7
Is diarrhea a possible symptom of anthrax in humans?

Correct 73 1.7 9.3-144

Incorrect/IDN/NR 554 88.3 85.6-90.6
Is vomiting a possible symptom of anthrax in humans?

Correct 80 12.8 103-0.15.6

Incorrect/IDN/NR 547 87.2 84.4-89.6
Is sweating a possible symptom of infection in humans?

Correct 80 12.8 10.3-15.6

Incorrect/IDN/NR 547 87.2 84.4-89.6
Are you aware of anthrax outbreaks in neighboring countries?

Yes 160 74.5 22.2-29.1

No/IDN/NR 467 255 709-77.7
Will the vaccination of animals prevent disease in animals and humans?

Correct 204 33.0 28.9-36.3

Incorrect/IDN/NR 423 66.7 63.7-71.0

IDN=1Don’t Know; NR=No Response; Cl=Confidence Interval

3.4 The general perception of anthrax among high-risk SH workers in Nigeria

Two hundred and forty (38.3%) participants were uncertain about perceiving their job as
a risk for exposure to disease, 278, (44.3%) reported that animals condemned for anthrax
should not be slaughtered or consumed even if it was cooked well, 249 (39.7%) of the par-
ticipants stated that vaccination of livestock would prevent the disease in humans, while
262 (41.8%) self-reported government was taking zoonoses control serious in Nigeria.
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Table 3 Knowledge scores on anthrax among high-risk working groups across demographic

variables
Variables Categories Frequency Percentage Knowledge Score P=value
Gender Male 499 814 0.0 (min 0.0, max 30.0) 0.7039
(n=613) Female 114 186 0.5 (min 0.0, max 30.0)
Age Group 18-22 51 9.7 0.0 (min 0.0, max 26.0) 0.0035
(n=531) 23-27 75 14.2 2.0 (min 0.0, max 28.0)

28-32 85 16.0 1.0 (min 0.0, max 30.0)

33-37 78 14.8 1.0 (min 0.0, max 30.0)

38-42 72 135 1.0 (min 0.0, max 29.0)

>43 170 318 1.0 (min 0.0, max 29.0)
Educational No Formal 110 182 0.0 (min 0.0, max 25.0) <0.0001
Level (N=603) Primary 143 23.7 0.0 (min 0.0, max 25.0)

Secondary 218 36.2 0.0 (min 0.0, max 29.0)

Diploma 45 7.5 15.0 (min 0.0, max 28.0)

Tertiary 87 144 17.0 (min 0.0, max 30.0)
Religion Islam 456 74.0 0.0 (min 0.0, max 30.0) 0.0286
(n=620) Christianity 151 245 1.0 (min 0.0, max 30.0)

Traditionalist 9 15 1.0 (min 0.0, max 7.0)
Occupation Meat processor 115 187 0.0 (min 0.0, max 22.0) <0.0001
(n=615) Butcher 171 2738 0.0 (min 0.0, max 29.0)

Meat vendor 122 19.8 0.0 (min 0.0, max 30.0)

Veterinarian & 64 10.5 24.0 (min 7.0, max 30.0)

Para-veterinarian

Animal farmer 28 46 0.0 (min 0.0, max 29.0)

SH cleaner 19 3.1 1.0 (min 0.0, max 16.0)

Animal trader 1 0.2 0.0 (0)

SH staff 5 0.8 15.0 (min 3.0, max 30.0)
Location Ebonyi 107 17.1 1.0 (min 0.0, max 10.0) <0.0001
(State) Enugu 64 102 13.0 (min 0.0, max 29.0)

Kwara 57 9.1 13.0 (min 0.0, max 29.0)

Zamfara 49 78 3.0 (min 0.0, max 30.0)

Kebbi 45 72 6.0 (min 1.0, max 29.0)

Oyo 148 236 0.0 (min 0.0, max 28.0)

Ogun 157 25.0 0.0 (min 0.0, max 30.0)

min=minimum; max=maximum, n=number of participants

However, a little over half of the participants (322, 51.4%) strongly disagreed that meat
inspection was of no use in detecting and preventing anthrax spread. Also, 34.9% (219)
strongly disagreed that animals condemned to anthrax should be slaughtered or con-
sumed by humans if livestock owners were not compensated by the government. Simi-
larly, 32.2% (202) of the participants strongly agreed that the efficient implementation of
vaccination in livestock would reduce the outbreak in humans (Fig. 3).

3.5 Correlation between knowledge and practice scores

There was a significant but weak positive correlation between knowledge and practice
scores (r=0.1870, n=627, p<0.0001), with poor knowledge about anthrax associated
with poor practice level.

3.6 Association between demographic factors of participants with knowledge and
practice towards anthrax.

The associations between the participants’ demographic characteristics and outcome
variables (knowledge and practice levels) were evaluated using a BLRA (Table 5).
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Table 4 Practice scores on anthrax among high-risk working groups across demographic variables

Variables Categories Frequency Percentage Practice Score P=value
Gender Male 499 814 6.0 (min 0.0,max 12.0)  0.0010
(n=613) Female 114 186 7.0 (min 0.0, max 12.0)
Age groups (in 18-22 51 9.7 4.0 (min 0.0, max 11.0) <0.0001
years,n=531)  23-27 75 14.2 0 (min 0.0, max 12.0)
28-32 85 16.0 .0 (min 0.0, max 12.0)
33-37 78 14.8 .5 (min 0.0, max 12.0)
38-42 72 135 .0 (min 0.0, max 12.0)
>43 170 31.8 .0 (min 0.0, max 12.0)
Educational No Formal 110 18.2 0 (min 5.5 max 12.0)  0.0002
Level N=603)  Primary 143 237 0 (min 5.0, max 12.0)
Secondary 218 36.2 0 (min 0.0, max 12.0)
Diploma 45 75 0 (min 0.0, max 12.0)
Tertiary 87 144 .0 (min 0.0, max 11.0)
Religion Islam 456 74.0 0 (min 0.0, max 12.0)  0.0108
(n=616) Christianity 151 24.5 0 (min 0.0, max 12.0)
Traditionalist 9 1.5 .0 (min 0.0, max 7.0)
Occupation Meat processor 115 18.7 0 (min 0.0, max 12.0) <0.0001
(n=615) Butcher 171 278 0 (min 0.0, max 11.0)
Meat vendor 122 19.8 0 (min 0.0, max 11.0)
Veterinarian & 64 105 90(m|n20 max 12.0)
Para-veterinarian
Animal farmer 28 46 9.0 (min 3.0, max 12.0)
SH cleaner 19 3.1 9.0 (min 8.0, max 12.0)
Animal trader 1 0.2 0.0 (0)
SH staff 5 08 11.0 (min 0.0, max 12.0)
Location Ebonyi 107 171 0 (min 0.0, max 12.0)  <0.0001
(State) Enugu 64 102 0(min 3.0,max 11.0)
Kwara 57 9.1 .0 (min 0.0, max 12.0)
Zamfara 49 78 0 (min 0.0, max 11.0)
Kebbi 45 72 0 (min 0.0, max 11.0)
Oyo 148 236 0 (min 0.0, max 12.0)
Ogun 157 250 0 (min 2.0, max 11.0)
min=minimum; max=maximum, n=number of participants
Because of lack of compensatiqn, animals [ ——— P
condemned for anthrax should still be sold for..!
g Government lsse Zzz ?,kn"ﬁ, gz:ggoses control [ — .
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Fig. 3 The perception of anthrax among high-risk SH workers who participated in the study:
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Table 5 Association between demographic variables of participants with knowledge and practice
of SH workers who participated in the study from July to September 2023
Variable Knowledge level Practice level

P=value COR (95% ClI) P-value COR (95% CI)

Age (years)

<37 0.068 0.175(0.027-1.135) 0.000* 0.268 (0.148-0.486)
>37 - 1 - 1

Gender

Male 0.131 0.440 (0.152-1.276) 0.721 1.097 (0.658-1.829)
Female - 1 - 1

Education

No Tertiary 0.000* 14.378 (4.923-41.991) 0.699 1.120(0.630-1.992)
Tertiary - 1 - 1

Occupation

Non-veterinary 0.000* 9.157 (3.644-23.008) 0.001* 3471(1.629-7.392)
Veterinary/Para veterinarians - 1 - 1

Religion

Muslim 0.099 2.068 (0.872-4.900) 0.508 1.173(0.732-1.879)
Christian - 1 - 1

*=Significant with p value less than 0.05; COR=Crudes Odds Ratio; Cl=Confidence Interval

Participants with non-tertiary education qualifications (No formal, primary, or second-
ary) had increased odds (COR:14.378, 95% CI; 4.923—-41.991, p =0.000) of having inad-
equate knowledge level about anthrax than those with a tertiary education qualification.
Similarly, participants who had no veterinary background (meat vendors, processors,
cleaners, administrative staff, animal farmers, etc.) had increased odds (COR: 9.157,
95% CI: 3.644—23.008, p =0.000) of having an inadequate knowledge level about the dis-
ease than veterinarians and para-veterinarians. Meanwhile, participants who were less
than 37 years old had lower odds (COR: 0.175, 95% CI: 30.027-1.135, p=0.068) of hav-
ing an inadequate knowledge level than those above 37 years of age, though statistically
marginal. Furthermore, participants who were non-veterinarians/non-para veterinar-
ians had increased odds (COR: 3.471, 95% CI: 1.629-7.392, p=0.001) of poor practice
towards anthrax than veterinarians and para vets. Conversely, participants aged less
than 37 years old had lower odds (COR: 0.268, 95% CI: 0.148-0.486, p = 0.000) of a poor
practice than those above 37 years of age.

3.7 Relationship between participants’ knowledge and practice levels to sources of
information about Anthrax.

Understanding how the various media sources of information dissemination about the
disease influence participants’ knowledge and practice levels, and identifying the most
appropriate channels, are crucial. Various channels of information captured in this study
had significant associations with knowledge and practice levels, highlighting the impor-
tance of awareness creation. Only the use of religious leaders as an information channel
was insignificantly associated with participants’ practice (p =0.194; Table 6).

3.8 Evaluation of national preparedness to prevent anthrax outbreak among veterinarians
and para-veterinarians

A total of 50 out of 60 (83.3%) participants indicated anthrax as a “One Health” zoonosis
and required control through a one health approach. A little over half (55.0%) showed
believed that the animal health sector was well prepared to prevent anthrax outbreak



Adebowale et al. Discover Public Health (2026) 23:85 Page 14 of 21

Table 6 Association between participants'knowledge and practice with the various channels of
information about Anthrax

Channel of Information ~ Knowledge Pvalue  Practice Pvalue
Poor n (%) Good n (%) Poorn (%) Good n (%)

Newspapers

No/NR 558 (93.0) 42(7.0) 0.000* 414 (69.0) 186 (31.0) 0.000*

Yes 14 (51.9) 13 (48.1) 7(25.9) 20 (74.1)

Radio

No/NR 40(7.2) 54 (78.3) 0.000* 385 (69.0) 173(31.0) 0.005*%

Yes 518(92.8) 15(21.7) 36(52.2) 33(47.8)

TV

No/NR 551(93.2) 40 (6.8) 0.000* 404 (68.4) 187 (31.6) 0.009*

Yes 21(58.3) 15 (41.7) 17 (47.2) 19 (52.8)

Veterinary officers

No/NR 521(95.9) 22 (4.1) 0.000* 383 (70.5) 160 (29.5) 0.000*

Yes 51(60.7) 33(39.3) 38 (45.2) 46 (54.8)

Internet/Social media

No/NR 404 (68.7) 184 (31.3) 0.001* 552(93.9) 36 (6.1) 0.000*

Yes 17 (43.6) 22 (56.4) 20(51.3) 19 (48.7)

Posters/flyers

No/NR 568 (924) 47 (7.6) 0.000* 419 (68.1) 196 (31.9) 0.000*

Yes 4(333) 8 (66.7) 2(16.7) 10(83.3)

Medical officers

No/NR 565 (92.2) 48 (7.8) 0.000* 416 (67.9) 197 (32.1) 0011*

Yes 7 (50.0) 7(50.0) 53(5.7) 96 (4.3)

Religious leaders

No/NR 570(91.6) 52 (84) 0.000* 419 (67.4) 203 (32.6) 0.194

Yes 2 (40.0) 3(60.0) 2 (40.0) 3(60.0)

Community leaders

No/NR 565 (91.9) 50 (8.1) 0.000* 418 (68.0) 197 (32.0) 0.002*

Yes 7(58.3) 541.7) 3(25.0) 9(75.0)

Family friends

No/NR 561(91.7) 51(83) 0.013* 415 (67.8) 197 (32.2) 0.023*

Yes 117(33) 42 (6.7) 6 (40.0) 9 (60.0)

*=significant with p value less than 0.05

from occurring, and similarly, 55.0% reported that there has been efficient national
media publicity and awareness programmes on anthrax and preventive measures since
the outbreaks in neighboring countries, while 40% disagreed. Concerning the country
having a national contingency plan for disease control, 35.0% and 21.7% agreed and
strongly agreed respectively, while 13.3% were unsure or did not respond to the ques-
tion. In addition, a low percentage of the participants (40.0%) indicated that Nigeria has
the technological and surveillance capacities to detect and contain anthrax outbreak,
while the same number (41.7%) disagreed. The majority of the participants disagreed
with the country having artificial intelligence capacity and response for supporting
informed outbreak management in the country (43.3%). The main strategies needed to
prevent an infection outbreak in Nigeria as suggested by veterinarians and para veteri-
narians included media publicity and awareness creation, enforcement of vaccination
policy for infection prevention in animals, implementation of effective surveillance sys-
tems for early detection and management, development, and execution of literacy pro-
grammes for SH workers and communities, reformation of SH, improved biosecurity on
farms, and effective implementation of border control policies.
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4 Discussion

Anthrax remains a neglected tropical disease that seldom receives attention from the
government and researchers in Africa, including Nigeria. The re-emergence of the dis-
ease in 2023 has re-emphasised the need for the country to scale up integrated surveil-
lance and monitoring frameworks and systems for transboundary animal infectious
diseases and zoonoses occurring at the animal-human-environment interface. Hav-
ing robust, well-structured, and efficient surveillance and reporting systems enhances
early detection and management of potential outbreaks [20]. In addition, improved One
Health implementation, diagnostic capabilities, resources (infrastructure, personnel,
and funding), literacy advocacy, and border control policies or legislation are crucial for
prompt disease intervention. The present study investigated potential gaps in knowl-
edge, practice, and perception about anthrax among the high-risk working groups in
ABs and SHs in Nigeria.

The demographics from this study showed that the majority of SH workers with the
highest risk of exposure to anthrax were males and those with primary school and no
formal education. These findings are consistent with previous studies conducted in
Nigeria [21-24], Ethiopia [25-27], Bangladesh [9], and Malaysia [28]. Animal handling
and slaughtering are demanding activities, and maybe the reason there were more male
than female workers at the ABs and SHs. Also, with the poor level of education, it is not
surprising to observe a low awareness level about anthrax among the study participants,
except in categories with diplomas or tertiary education. Education plays a key role in
how people access, process, and comprehend information, including health messages
[14].

Adequate knowledge, practice, and perception of SH workers about anthrax are
crucial to their overall health and safety as well as the general consumers of meat and
meat products. It is known that disease transmission including anthrax is influenced by
societal human behaviour, which correlates with the level of knowledge, attitudes, and
practices of the public [8, 9]. With the present outbreaks of anthrax in West Africa, it
is critical to generate scientific data to explain the knowledge, practice, and perception
levels of SH workers to promote a framework for policy decisions and behavioural shifts
through literacy programmes to prevent and control their exposure to the disease.

In general, the knowledge about anthrax among the participants was inadequate as
less than one-third indicated the knowledge of the disease, its causative agent, clinical
signs/symptoms in animals and humans, transmission pathways (such as consump-
tion, processing, touching, or handling of infected animals or animal products e.g. cow
skin (“ponmo”), and vaccination of animals as a preventive measure against infection in
humans. The finding revealed that there may have been a lack of targeted sensitisation or
health education response to create awareness to lower the risk of exposure and protect
workers’ health despite the outbreaks within neighbouring countries. In selected agri-
cultural settings in Uganda, inadequate knowledge about anthrax, especially the clini-
cal manifestation and modes of transmission in humans and animals, and preventive
measures (vaccination in animals) was documented [8]. Although a study in Bangladesh
reported more livestock farmers being aware of anthrax, and correctly describing one
or more symptoms of animal and human anthrax, farmers had limited knowledge of
the mode of transmission of anthrax and the preventive method, which is vaccination.
Furthermore, in Kenya, household communities had insufficient information about the
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disease with approximately half of the respondents reported needing more literacy about
the disease [15]. However, the majority of the study population had heard of anthrax
and identified it as a zoonosis, knew the transmission sources, and knew that bleeding
from body orifices is one of the clinical signs in animals [15]. Another similar study con-
ducted among household communities in Ethiopia showed that a higher proportion of
respondents stated that they knew the disease, but most of them could not identify the
causative agent and clinical signs/symptoms in animals and humans [14]. It is critical
to emphasize that targeted literacy programmes regarding this disease are essential for
workers at ABs and SHs to support early detection, notification, and prevention of dis-
ease outbreaks in animals and humans. Expanding health knowledge about the disease
among these categories of individuals, especially using the top preferred channels (vet-
erinary professionals, radio, and internet/social media) is desirable to promote under-
standing and the adoption of rapid health responses to prevent and control exposures.
These recommendations are strongly supported by a previous study among pastoral
communities in Ethiopia [29] and the present study findings, which highlighted possess-
ing a high level of education and being in veterinary-related professions as significant
factors for increased knowledge about anthrax.

Similarly, the levels of risk practices related to anthrax among the participants were
high. For instance, the majority of the non-veterinary working categories, such as butch-
ers, meat processors, vendors, etc. still practised carrying carcasses on their heads or
shoulders, splashing blood on carcasses, slaughtering sick and dying animals for human
consumption, and poor waste and carcass disposal. Several of these risky and unsani-
tary practices are common practices in many Nigerian ABs and SHs [30, 31]. These
practices not only serve as potential sources of transmission and exposure to zoonotic
diseases, including anthrax, but may also adversely impact food safety and meat con-
sumers. From the present study, more participants disagreed or strongly disagreed that
buying meat condemned to anthrax is forbidden (“taboo”). This suggests that there is a
possible gap in the level of perception and awareness of the health risk associated with
the consumption of dead animals, including anthrax-contaminated meat. The practice
and attitude of purchasing, consuming, and selling carcasses of animals that died from
unknown causes, have been reported by other studies in Ghana and Zambia [32, 33].
Such meat is seen as serving as a source of inexpensive meat and an attractive option
for the community [32]. Kamboyi and co-authors in a cross-sectional study of risk map-
ping and eco-anthropogenic assessment of anthrax in Zambia documented that 92.0%
of participants self-reported within the questionnaire survey that the major method of
disposal of anthrax carcasses was by consumption [34]. Furthermore, participants with
no professional training in veterinary medicine (i.e. butchers, meat processors, meat
vendors, cleaners, etc.) had high risk practices; thus, demonstrating poor preventive
practices toward anthrax. This finding supports the fact that when people have adequate
health knowledge, they execute good preventive practices and have the right percep-
tion toward health emergencies and responses to control and prevent an outbreak [35].
Health knowledge is a theoretical construct that includes providing detailed and specific
information about etiology, prevalence, risk factors, prevention, transmission, symptom-
atology, and disease treatment, as well as on health services [35, 36]. Positive effects of
appropriate levels of health knowledge have been shown to improve health behaviors
and attitudes, which increase health promotion and disease prevention in a community.
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Besides, health knowledge promotes the acquisition of health practices and perceptions
and reflects the efforts made by the health system, the government, and the community
to combat the negative impact of zoonoses [35]. Improving targeted health knowledge
about anthrax is therefore critical among the high-risk working groups in abattoirs and
slaughterhouses for public health safety. To support this further, it was observed that
positive knowledge increases positive practice, thus emphasizing the need for veteri-
nary intervention, good extension services, and literacy programmes for ABs and SHs
workers in Nigeria. Moreover, veterinary and para veterinarians who participated in this
study underscored intensifying media publicity and awareness creation about anthrax.
Other mitigation strategies including enforcement of vaccination policy for infection
prevention in animals, implementation of effective surveillance systems for early detec-
tion and management, development, and execution of literacy programmes for SH
workers and communities, reformation of SH, improved biosecurity on farms, and effec-
tive implementation of border control policies were recommended.

Adopting a combination of approaches to effectively improve knowledge, learning,
good practices among abattoir and slaughterhouse workers can be prioritised. In the
Nigerian context, this could include targeted, practical and interactive or participatory
training sessions, with incentives and training certificates provided to encourage partici-
pation. Such training should be conducted periodically as part of continuous workers’
education to sustain knowledge and reinforce safe practices against exposure to anthrax
and other abattoir related zoonoses. Also, the of visual educational tools such as pictorial
charts, signage, and posters presented in local languages can strategically be displayed
at critical operation points within the slaughter facilities to serve as constant notices
of risks of exposure to zoonoses, and the need to comply with good hygiene and safety
practices. Community engagement and outreaches are powerful tools of awareness cre-
ation and behavioural modifications. This can be conducted regularly to promote posi-
tive behavioral changes, correct misconceptions about zoonoses, and strengthen efforts
towards disease prevention, and abattoir workplace health and safety.

To promote animal disease prevention and control, Nigeria has recently released the
updated Animal Diseases (Control) Act, 2022, which provides a comprehensive legal
framework for the surveillance, prevention, detection, control, and eradication of infec-
tious, contagious, transboundary, and zoonotic animal diseases across the country
including those relating to the ABs and SHs. The Act outlines provisions for ensuring
disease identification (at ante- and post-mortem inspection) and safe meat inspection,
disease reporting, safe carcass disposal, and food safety operations. Therefore, strength-
ening and priroitising the implementation, enforcement, and compliance mechanisms
of this Act would help achieve sustainable control of animal disease, especially zoonoses
such as anthrax among high-risk occupational groups such as abattoir and slaughter-
house workers.

Furthermore, annual and effective routine vaccination of animals especially, rumi-
nants is the primary tool for mitigating animal anthrax [37] and should be prioritized
in disease endemic African countries. It is not surprising to know that the majority of
the participants were uncertain or disagreed that vaccination was required in animals
to protect public health due to the poor health knowledge of the disease except those
with veterinary backgrounds. The current vaccination status in animals in Nigeria is
uncertain, though there may be an existing anthrax vaccination policy in the country.
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Internationally, the Bacillus anthracis attenuated Sterne-strain vaccine is used in animals
[38]. In Nigeria, the National Veterinary Research Institute (NVRI) is saddled with the
mandate to produce animal vaccines for animal health and welfare. During the outbreak
in July 2023 in Nigeria, the National Veterinary Research Institute laboratory provided
real-time laboratory testing and vaccines for ring vaccination of farms with suspected
cases. However, there may be a need for the government and the animal sector to be
more proactive than reactive to ensure that the anthrax vaccination policy, vaccine pro-
duction, and campaign programmes are efficiently implemented and adequately funded
to eliminate the persistence of the disease in Nigeria.

In addition, the anthrax outbreak highlights again the ‘One Health’ perception that
human health is interconnected with animal and plant health and their shared environ-
ment [3]. To prevent further outbreaks in Nigeria, as well as other African countries,
government efforts and advocacy by the one health sectors for the vaccination of ani-
mals are crucial to help prevent and reduce the likelihood of the spread of the disease
to humans and individuals at the high-risk [3]. The establishment of government-inte-
grated zoonotic disease (including anthrax) surveillance systems and programmes for
early detection, early response to future outbreaks, and long-term active and passive
monitoring of diseases to facilitate informed policy decisions and implementations
should be spotlighted. Ensuring an integrated platform for multidisciplinary, multisec-
toral, and interdisciplinary collaboration among physicians, veterinarians, other human
and animal health workers, environmental health professionals, social workers, and the
media in mitigating the anthrax outbreak in Nigerian communities is highlighted. The
One Health concept should be implemented in addressing the core sources of zoonotic
spillovers at the human-animal interface. This approach will be more effective than indi-
vidual sectors continuing to operate in silos, thereby impacting unending cycles of out-
breaks [39, 40].

Notwithstanding the findings above, this study had some limitations. One, assessment
of risk practices was limited to a questionnaire survey; on-the-spot assessment would
have provided better insights into the participants’ level of risk of exposure to anthrax.
Two, only seven of the 36 states, including the Federal Capital Territory, Abuja, were
conveniently sampled and included in the study; a larger sample size from a higher num-
ber of states would have been representative and provided more robust and generalis-
able data on the knowledge, risk practices and perception of abattoir and slaughterhouse
workers in Nigeria. Despite these limitations, the present findings have provided critical
baseline data required for informed control programmes and policy regarding anthrax in
Nigeria.

5 Conclusions
The study revealed inadequate knowledge, preventive practices, and perception regard-
ing anthrax among slaughterhouse SH workers, despite their position as a population
group at high risk of exposure. Enhancing health knowledge remains a vital strategy to
improve workers’ preventive practices, attitudes, and perceptions toward exposure, pre-
vention, and control of anthrax.

There is an urgent need for comprehensive public health literacy programmes, risk
communication, stakeholder engagement, One Health initiatives, and advocacy efforts
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to provide adequate knowledge that will safeguard SH workers against anthrax and ulti-
mately prevent spillover into the human population.

Such programmes should include information on the aetiology, transmission path-
ways, clinical signs and symptoms in animals and humans, as well as the risk factors,
treatment options, preventive measures, and rapid response strategies for containing
infection outbreaks. In addition, there is a need to strengthen integrated surveillance
system to enhance early detection and proactive response to anthrax in both animal and
human populations.
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