
Contents lists available at ScienceDirect

One Health

journal homepage: www.elsevier.com/locate/onehlt

Antimicrobial usage by pastoralists in food animals in North-central Nigeria:
The associated socio-cultural drivers for antimicrobials misuse and public
health implications
Nma Bida Alhajia,b,⁎, Tajudeen Opeyemi Isolab

aNiger State Ministry of Livestock and Fisheries, Minna, Nigeria
bDepartment of Veterinary Public Health and Preventive Medicine, University of Ibadan, Ibadan, Nigeria

A R T I C L E I N F O

Keywords:
Antimicrobials
Antimicrobial resistance
Livestock
Pastoralist
Public health
Nigeria

A B S T R A C T

Antimicrobials are used to maintain good health and productivity of food animals. Misuse of antibiotics in
livestock contributes to development of antimicrobial resistance, an emerging One Health issue. This study
assessed pastoralists' knowledge and practices regarding antimicrobial usage, explore pathways for resistant
pathogens emergence and associated social drivers for antimicrobial misuse in pastoral herds of North-central
Nigeria. An interview questionnaire-based cross-sectional survey was conducted in randomly selected pastoral
households. Descriptive and analytical statistical analyses were performed at 95% confidence level. All the 384
pastoralists participated in the study. Majority (58%) of respondents had no formal education. Only 8.1% of
respondents knew antibiotic misuse to be when given under-dose and 70.1% of them did not know what misuse
entailed. About 58.3% reported self-prescription of antimicrobials used on animals, while 67% of them reported
arbitrary applications for dosage determination. Most frequently used antimicrobials were tetracycline (96.6%),
tylosin (95.6%) and penicillin (94.0%). Identified pathways for antimicrobial resistant pathogens spread to
humans were through contaminated animal products; contaminated animals and fomites; and environmental
wastes. Improper antimicrobial usage (p < 0.001), non-enforcement of laws regulating antimicrobial usage
(p < 0.001), weak financial status (p < 0.001), low education and expertise (p < 0.001), and nomadic culture
(p < 0.001), influenced antimicrobials misuse in livestock. The study revealed low levels of knowledge and
practices regarding antimicrobial usage in livestock. Socio-cultural activities significantly influenced anti-
microbials misuse in livestock. Improve pastoralists' knowledge about effects of antimicrobials misuse and
promotion of prudent usage in livestock will mitigate antimicrobial resistance menace in animals and humans.

1. Introduction

Livestock production has always been important in Nigeria, and the
rapidly emerging livestock sector now ranks second among the 20 de-
veloping economies in terms of dependent on livestock [1]. Approxi-
mately 70% of pastoralist population in Nigeria lives in rural areas,
with nomadic herdsmen herding about 90% of ruminants and practice
seasonal transhumance or year-round nomadism [2]. Pastoralism has
been evolving in Nigeria, with herders often combining cattle rearing
with crop cultivation [3]. Cattle are usually extensively managed, ei-
ther under nomadic or agro pastoral systems [4].

Antimicrobials are used in livestock production to maintain good
health and productivity of the animals [5]. Inappropriate use of anti-
microbials in the livestock sector contributes to development of anti-
microbials resistance, an emerging One Health issue that can be

transmitted between animals, humans and the environment and also
spread to other countries [5]. Improper dosing of antimicrobials (too
little, for too short a period, or use of wrong antimicrobials) can pre-
dispose to antimicrobial resistance [6]. The global antimicrobial usage
in food animals was estimated at 63000 tons annually in 2015 and
projected to increase by almost 70% in 2030 [7]. Apart from the top
consumers (China, United States and Brazil), the largest relative in-
crease is projected to take place in the developing countries; with
Myanmar, Indonesia and Nigeria taking the lead among those that may
experience an increase of > 200% [7].

Antimicrobial consumption in livestock has received comparatively
little attention, unlike in humans where their consumptions are now
being tracked in most high-income and some middle-income countries
through databases on antimicrobial sales [8,9], but with on coverage in
less-income countries. Expert opinion suggests that global consumption
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of antimicrobials in animals is twice that of humans [10].
The misuse of antimicrobials creates selective evolutionary pressure

that enables antimicrobial resistant pathogens to increase in numbers
more rapidly than antimicrobial susceptible pathogens and thus in-
creases the opportunity for individuals to become infected by resistant
pathogens, posing a serious public health threat [7]. The trends of an-
timicrobials misuse are exponentially on the increase and considered as
a major global public and animal health threats [11]. Massive use of
antimicrobials is one of the most important factors promoting the
emergence, selection, and dissemination of antimicrobial resistant pa-
thogens in both veterinary and human medicine [12,13]. In addition to
its public health impact, antimicrobial misuse causes many negative
impacts on livestock production to farmers, such as increase mortality,
decrease production and high financial losses, due to unsuccessful
treatments [14]. The widespread use of antimicrobials for therapeutic,
prophylactic and growth promotion purposes in livestock production
has intensified the risk for the emergence and spread of resistant pa-
thogens [15]. About half of the world's antimicrobials production is
used in food animals, mostly without regulations [16].

Most of the antimicrobials used in food animals in Nigeria can be
obtained without veterinarian's prescription, while laws regulating
antimicrobial usage in animals are not always enforced. Control and
prevention of antimicrobials misuse in food animals will depend
heavily on herders' knowledge and compliance behaviour with anti-
microbials guidelines. This will depends also on their level of risk
perceptions on the effects of antimicrobials misuse, resistant pathogens
emergence and spread through food chain. However, science-based
information on antimicrobial usage by livestock farmers in food ani-
mals in Nigeria is not readily available. Exploration of pastoralists' local
knowledge about antimicrobial usage is crucial for the development of
effective antimicrobials surveillance, control and prevention of anti-
microbials misuse in animals and humans.

The objectives of this study were to: (1) assess pastoralists' knowl-
edge and practices towards antimicrobial usage in livestock; and (2)
explore pathways for resistant pathogens emergence and spread from
livestock to humans in pastoral settlements of North-central Nigeria.
We hypothesized that pastoralists' socio-cultural activities cannot in-
fluence antimicrobial misuse in livestock. The findings are expected to
be valuable in improving awareness on the need for proper anti-
microbial usage in food animals as well as minimize associated public
health challenges in pastoral communities of developing countries.

2. Materials and methods

2.1. Study area, structure of target population and livelihood

The study was conducted in Niger State, located at the Southern
Guinea savannah zone of Nigeria, between latitude 8° 20′ N and 11° 30′
N, and longitude 3° 30′ E and 7° 20′ E. It provides transit routes for
pastoral nomads on seasonal migrations from the northern parts to the
southern areas of the country. The state has three agro-geographical
zones (Southern zone, Eastern zone, and Northern zone), with variable
climatic conditions, which provide favourable environments for live-
stock rearing. It has an estimated cattle population of about 2.5 million
cattle and 1.9 million sheep and goats that are mostly in the custodies of
nomads and agro pastoralists [17].

The target populations were pastoral herd owners, aged 20 years
and above, with herds of local breeds of cattle, sheep and goats, dom-
iciled in remote areas of the state during the study period. Average
number of households that formed a pastoral settlement was 28, each
managed by household head (a man, his wives and children, or an el-
derly widow and her children). A household constituted a herd and
farmer's family that owned it. Average number of animals in a pastoral
herd was 86 cattle, 11 sheep and 5 goats of variable ages. In Nigeria,
pastoralists' settlements are either nomadic, who practice livestock
rearing as main source of livelihood and transhumance as social order;

or agro-pastoralists, who keep livestock in medium size, cultivates few
crops, semi-settled, with limited livestock movements, and are on low-
range graze land near environs, often given supplementary feeds of crop
residues, particularly during the critical period of dry season.

2.2. Study design, sample size and sampling procedure

An interview questionnaire-based cross-sectional survey was con-
ducted in randomly selected pastoral households between November
2015 and March 2016. The sample size was calculated with the use of
Open Source Epidemiologic Statistics for Public Health (OpenEpi)
version 2.3.1 software [18], with power set at 50% and 5% margin of
error at 95% confidence level. A sample size of 384 households was
obtained and enrolled into the study.

A multi-stage sampling method was used. In the first stage, the three
Agro-geographical zones in the state were purposively considered. In
the second stage, 30 pastoral settlements were selected across the study
area, with 10 from each Agro-geographical zone. Systematic random
sampling was used to select the 384 households in the final stage of the
procedure, with 128 pastoral households selected in each zone.
Sampling interval of two was used, obtained by dividing the total
number of expected households in the three zones (n= 384) by the
desired number of households to be sampled in each (n= 128).

2.3. Questionnaire design, pretesting and data collection

A structured questionnaire was designed and contained mostly
close-ended questions, to ease data processing, minimize variation and
improve precision of responses [19]. The questionnaire consisted of
four sections that included: (i) pastoralist's socio-demographic char-
acteristics: age, gender, marital status, occupation and formal educa-
tion; (ii) knowledge/awareness about antimicrobial usage in food ani-
mals: antimicrobials misuse, antimicrobial resistance, and effects of
resistance in animals and humans; (iii) practices of antimicrobial usage
in food animals; (iv) identification of pathways for transmission of
antimicrobial resistant pathogens emergence and dissemination from
food animals to humans; and (v) identification of factors that influence
antimicrobials misuse, which can predisposed to resistant pathogens
emergence through food chain to humans in pastoral settlements.

The questionnaire was subjected to a pre-test on fifteen households
in one nomadic pastoral settlement before administered in its final form
on respondents. The pre-test was aimed at identifying problems and
eliminate them for adequate delivery of required data. The ques-
tionnaire was designed in English and verbally translated into local
Hausa language during process of questioning, as most of the pastor-
alists do not possessed formal education. Six enumerators fluent in
English and Hausa languages were trained and carried out interviewer-
administered questionnaires. They asked questions in Hausa and re-
corded the responses in English. The daily administrations of the
questionnaires were monitored, and filled forms checked for purpose of
quality control.

Objectives of the survey were explained to respondents at the be-
ginning of each section of questionnaire administration. Their informed
consent was verbally obtained before commencement and none de-
clined to participate. They were assured of voluntary participation,
confidentiality of responses and the opportunity to withdraw at any
time without prejudice in line with the Helsinki Declaration (World
Medical Association Declaration of Helsinki [20].

Advocacy visits were made to each selected pastoral settlement a
week prior to the proposed interview and necessary permission ob-
tained from Ardos (community leaders). The study protocols were ap-
proved by the Niger State Ministry of Livestock and Fisheries
Development Internal Research Ethics Committee.
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2.4. Data management and analysis

Participants' responses were summarized into Microsoft Excel 7
(Microsoft Corporation, Redmond, WA, USA) spreadsheets. Descriptive
analysis was performed and results expressed in frequencies and pro-
portions. Analytical analysis was carried out to determine associations.

The levels of knowledge about antimicrobial usage was determined
according to the following learning outcome criteria; the words “very
low” represented a proportion of respondents with “know” knowledge
level that ranges between 1% and 24%; the word “low” represented a
proportion of respondents with “know” knowledge level that ranges
between 25% and 49%; the word “high” represented a proportion of
respondents with “know” knowledge level that ranges between 50%
and 74%; and the words “very high” represented a proportion of re-
spondents with “know” knowledge level that ranges between 75% to
100%. A similar assessment was performed in evaluating levels of
practices of antimicrobial usage.

To assess influence of pastoralists' socio-cultural activities on anti-
microbial misuse, independent (explanatory) variables were created
from the activities, while respondents' overall responses constituted the
dependent (outcome) variables. However, to create outcome variables,
a unique scoring system was used for the responses. Each respondent
was assigned a response score within a range of 1–20 points and con-
verted to 100%. These scores reflected stringency of their responses to
questions. The score range was further categorized into ‘poor’ or ‘sa-
tisfactory’ to keep them as binary variables. Response scores that fell
within 1–10 points were considered ‘poor’ (≤49%), and those that fell
within 11–20 points were considered ‘satisfactory’ (≥50%).

Associations between explanatory and outcome variables were first
subjected to univariable analysis using Chi-square tests [21]. Factors
found to be statistically significant at this analysis were further sub-
jected to likelihood stepwise backward multivariable logistic regression
models to control for confounding and test for effect modification. The
Hosmer and Lemeshow test was used to assess for goodness of fit of the
final model and was found to be good. P < 0.05 was considered sta-
tistically significant in all analyses. All data were analyzed using the
OpenEpi 2.3.1 software [18].

3. Results

3.1. Socio-demographic characteristics of participants

All recruited pastoralists participated in the study, with a mean age
of 44.4 ± 12.1 SD years, and most (28.9%) were in age group
50–59 years (Fig. 1). Majority of the respondents were males (74.5%)
and about 84.9% were married, while 9.6% (n= 37) and 5.5% (n= 21)
were single and widows, respectively. On the pastoralists' occupations,

majority (54.4%) were nomadic pastoralists, while 45.6% were agro
pastoralists. Majority (58.0%, n= 223) of them had no formal educa-
tion and only very few (9.4%, n= 36) had tertiary education (Fig. 2).

3.2. Knowledge and awareness about antimicrobial usage

All respondents mentioned to have heard about antimicrobials.
They obtained information about antimicrobials from animal health
personnel (71.6%, n= 275) and relatives (28.4%, n= 109). When
asked about uses of antimicrobials in livestock, 54.4% and 23.2% of
respondents mentioned treatment of infections and growth promotion,
respectively. However, 3.4% of them did not know what antimicrobials
are used for in livestock. Also, only 8.1% of them knew antimicrobials
misuse to be when given under-dose, 7.3% indicated when given over-
dose and 70.1% of them did not know what misuse entailed. Regarding
whether antimicrobials misuse in livestock can predispose to resistant
pathogens emergence, 29.7% of the participants agreed and 44.8% of
them disagreed. Concerning knowledge about effects of antimicrobial
resistance, 64.8% and 54.9% of them did not know the consequences in
animals and humans, respectively (Table 1). Generally, only 28% of
respondents mentioned antimicrobial resistance to be a phenomenon
that happens when bacteria change and become resistant to anti-
microbials used to treat infections, while 67% of them did not know and
5% were indifferent.

3.3. Practices of antimicrobial usage in livestock

On personnel that prescribed antimicrobials for usage in livestock,
30.5% of the participants mentioned animal health officials and 58.3%
of them practiced self prescription. Majority (59.6%) of pastoralists
purchased antimicrobials from veterinary drug shops, while 34.9% of
them patronized animal drug hawkers. Also, 65.4% of respondents
practiced self-administration of antimicrobials on animals, and 34.6%
contracted services of animal health officials. On frequency of anti-
microbial usage on sick animals, about 27% of respondents followed
prescribed instructions, 28% of them administered antimicrobials only
once on sick animals until they recovered, while 45.6% administered
the drugs once daily on sick animals until they recovered. Regarding
dosage determination of antimicrobials used on livestock, 33% of re-
spondents followed instructions on labels, while 67% of them practiced
arbitrary applications. However, very few (15.9%) pastoralists ob-
served withdrawal periods after antimicrobial usage, and most (84.1%)
of them indicated non-compliance with withdrawal periods. On pur-
pose of antimicrobial usage, 54.4% of the respondents used anti-
microbials for therapeutic purpose, 40.6% of them used antimicrobials
for preventive purpose, and 4.9% of them used the drugs as growth
promoters (Table 2).

Fig. 1. Proportions of age distribution of pastoralists in Niger State, North-
central Nigeria.

Fig. 2. Proportions of formal educational levels of Fulani nomadic pastoralists
in Niger State, North-central Nigeria.
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3.4. Antimicrobials frequently used on livestock

Pastoralists used range of different classes of antimicrobials on li-
vestock. However, most frequently mentioned antimicrobials to be used
on livestock include: tetracycline (96.6%), tylosin (95.6%), penicillin
(94.0%), streptomycin (93.0%), sulfonamides (92.4%), gentamicin
(75.5%), neomycin (67.2%) and ciprofloxacin (39.6%) (Table 3).

3.5. Pathways for transmission of antimicrobial resistant pathogens from
livestock to humans

Regarding risk pathways for transmission of antimicrobial resistant
pathogens from livestock to humans, consumption of contaminated
food animal products, direct or indirect contacts with contaminated
animals and fomites, and environmental contaminated releases (man-
ures) were identified. However, 25.0% of the participants identified
consumption of contaminated raw milk as risk pathway for anti-
microbial resistant pathogen spread to humans and 37.0% of them re-
ported consumption of under-cooked contaminated. Also, 76.6% of
pastoralists identified contacts with contaminated animals, while 8.3%
identified indirect contacts with contaminated fomites as risk pathways.
Furthermore, 55.7% of the participants identified environmental re-
leases and wastes, such as discharged contaminated faeces (manure) in
the herd settlements, as risk pathways, and 24.2% of them identified
flies attracted to the contaminated manure as environmental risk
pathway (Table 4).

3.6. Factors that influence antimicrobials misuse on livestock

Many factors were identified to influence antimicrobials misuse on
livestock, which ca predispose to emergence and dissemination of re-
sistant pathogens through food animal chain to humans. At univariable
analysis, improper antimicrobial usage, non-enforcement of laws reg-
ulating antimicrobial usage, weak financial status of pastoralists, low
education and expertise of pastoralists, nomadic and transhumance
culture of pastoralists, and extensive husbandry management system
significantly (p < 0.05) influenced antimicrobials misuse on livestock.
At multivariable analysis, improper antimicrobial usage was twenty
eight times more likely (OR: 28.00; 95% CI: 13.06, 60.02) to sa-
tisfactorily influenced antimicrobials misuse on livestock, while non-

Table 1
Pastoralists' knowledge and awareness about antimicrobial usage on livestock
in North-central Nigeria.

Variable Frequency Proportion 95% CI

(n) (%)

Know antimicrobials to be used
To treat infections in animals 209 54.4 49.4, 59.4
To prevent infections in animals 73 19.0 15.3, 23.2
To promote growth in animals 89 23.2 19.2, 27.6
Don't know 13 3.4 1.9, 5.6

Antimicrobials misuse is when
Administered under-dose 31 8.1 5.6, 11.1
Administered over-dose 28 7.3 5.0, 10.2
Administered in normal dose 56 14.6 11.3, 18.4
Don't know 269 70.1 65.3, 74.5

Effects of antimicrobial resistance in animals
Non response to bacterial infection

treatment
99 25.8 21.6, 30.3

Extra costs on treatment of bacterial
infection

36 8.6 6.1, 11.7

Don't know 249 64.8 60.0, 69.5

Antimicrobials misuse in livestock can predispose to resistant pathogens emergence
Agree 114 29.7 25.3, 34.4
Disagree 172 44.8 39.9, 49.8
Don't know 58 15.1 11.8, 19.0

Antimicrobial resistant pathogen in animals can pass to humans through
Eating raw cheese 16 4.2 2.5, 6.5
Drinking raw milk 11 2.9 1.5, 4.9
Eating undercooked meat 42 10.9 8.1, 14.4
Touching aborted foetus 33 8.6 6.1, 11.7
Contacts of herders with animals 12 3.1 1.7, 5.3
Don't know 270 70.3 65.5, 74.7

Effects of antimicrobial resistance in humans
Non response to bacterial infection

treatment
75 19.5 15.8, 23.7

Extra costs on treatment of bacterial
infection

26 6.8 4.6, 9.6

Longer duration of illness and treatment 32 8.3 5.9, 11.4
Don't know 211 54.9 49.9, 59.9

CI – Confidence interval.

Table 2
Practices of antimicrobial usage on livestock by pastoralist in North-central
Nigeria.

Practice Frequency Proportion 95% CI

(n) (%)

Personnel that prescribe antimicrobials for usage in animals
Animal health officials 117 30.5 26.0, 35.2
Self prescription 224 58.3 53.4, 63.2
Friends and relations 43 11.2 8.3, 14.7

Purchasing places of antimicrobials
Veterinary drug shops 229 59.6 54.7, 64.5
Human drug shops 21 5.5 3.5, 8.1
Animal drug hawkers 134 34.9 30.3, 39.8

Who administer antimicrobials on animals
Self administered 251 65.4 60.5, 70.0
Animal health officials 133 34.6 30.0, 39.5

Frequency of antimicrobial usage on sick animals
As prescribed 103 26.8 22.6, 31.4
Once 109 28.4 24.0, 33.1
Once daily until recovered 172 45.6 40.6, 50.6

Dosage determination before antimicrobials use
From instructions on the label 125 32.6 28.0, 37.4
Arbitrary 259 67.4 62.4, 72.0

Frequently used route of administration
Injection 215 56.0 51.0, 60.9
Mouth (POS) 96 25.0 20.9, 29.5
On the skin (topical) 42 10.9 8.1, 14.4
In feed 31

Observe about withdrawal periods
Yes 61 15.9 12.5, 19.8
No 323 84.1 80.2, 87.5

Purpose for antimicrobials usage
Treatment of infections 209 54.4 49.4, 59.4
Prevention of infections 156 40.6 35.8, 45.6
Growth promotion 19 4.9 3.1, 7.5

CI – Confidence interval.

Table 3
Antimicrobials frequently used by pastoralists on livestock in North-central
Nigeria.

Antibiotic type Always Occasionally

n (%) n (%)

Penicillin 361 (94.0) 23 (6.0)
Gentamicin 294 (75.5) 94 (24.5)
Streptomycin 357 (93.0) 27 (7.0)
Tetracycline 371 (96.6) 13 (3.4)
Ciprofloxacin 152 (39.6) 232 (60.4)
Tylosin 367 (95.6) 17 (4.4)
Neomycin 258 (67.2) 126 (32.8)
Sulfonamides 355 (92.4) 29 (7.6)

n – Number of respondents; % – Proportion of respondents.
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enforcement of laws regulating antimicrobial usage was five times more
likely (OR: 4.59; 95% CI: 2.67, 7.91) to influenced antimicrobials
misuse. Also, weak financial status was five times more likely (OR: 4.69;
95% CI: 2.69, 8.17) to influenced antimicrobials misuse on livestock.
And low education and expertise of pastoralists was nine times more
likely (OR: 9.03; 95% CI: 4.89, 16.69) to influenced antimicrobials
misuse on food animals. Further, nomadic and transhumance culture of
the pastoralists and their extensive husbandry management system
were more likely [(OR: 9.75; 95% CI: 5.47, 17.38) and (OR: 3.05; 95%
CI: 1.73, 3.57), respectively] to influenced antimicrobials misuse on
livestock (Table 5).

4. Discussion

Antimicrobial usage in livestock is one of the least surveyed issues in

pastoral communities of Nigeria, and to our knowledge, this study was
the first to investigate antimicrobial usage in livestock by nomadic
pastoralists in North-central of Nigeria. Antimicrobial resistance both in
veterinary and human medicine has now been recognized as a sig-
nificant emerging threat to global food security and public health
[7,22,23].

Despite the frequency of antimicrobial usage by pastoralists to
maintain good livestock health and production in the studied settle-
ments, there was overall low level of knowledge and awareness about
proper usage. This has had influence on antimicrobials misuse with
potential risks of antimicrobial resistant pathogens emergence and
dissemination to humans. The low knowledge level may be due to high
proportion (58%) of pastoralists do not possessed formal education.
Sensitization of pastoralists, especially among those domiciled in hard-
to-reach settlements is therefore advocated. Bridging the knowledge
gap will increase their perceptions of risks associated with anti-
microbials misuse in food animals.

Regarding practices of antimicrobial usage in livestock, this study
found high proportions of pastoralists practicing self-prescription and
self-administration of antimicrobials on animals without professional
advices and services. Where antimicrobials can be bought and used on
livestock without prescriptions, the emergence and spread of anti-
microbial resistant pathogens is made worse due to misuse. We also
found some antimicrobials to be frequently used by pastoralists on li-
vestock. About half of the world's antimicrobials productions have been
reported to be frequently used in farm animals [16,24]. In Nigeria, the
use of non-prescribed antimicrobials in food animals has been related to
the unavailability of veterinary services and extra cost of veterinary
services [25,26]. Also, this study found antimicrobials to be used for
therapeutic and prophylactic purposes as well as for growth promo-
tions. This is consistent with some findings that reported similar uses in
food animals [25–28]. The administration of antimicrobials to food
animals at low doses for extended durations for growth promotion and
disease prevention has been banned in many high income countries
(HIC) because of the global health crisis of antimicrobial resistance in
animals and humans, but still frequently used in low and medium in-
come countries (LMIC) for these purposes [24]. Irrational use of anti-
microbials in food animals have been also reported to have contributed
significantly to the emergence, persistence, and spread of resistant
bacteria from animals to humans [29,30]. Excessive use and misuse of
antimicrobials have been recognized as some of the major drivers of
antimicrobial resistance, due to selection pressure imposed on animal
microbiota [31–34].

It is worthy to mention that this study found regular practice of low
dosages of antimicrobials administration on livestock by pastoralists.
Antimicrobials at low dosages (i.e. residual levels, sub-lethal or sub-
therapeutic dosages) have been reported to predispose to resistant pa-
thogens emergence through promotion of genetic and phenotypic
variability in exposed bacteria due to selection bias [35–37]. Also, a
noteworthy observation was the high frequency of tetracycline, peni-
cillin, streptomycin, sulfonamides and tylosin usage by pastoralists in
livestock. This is consistent with previous studies that reported these
antimicrobials to be frequently used in food animals in Nigeria [38–42].
Frequent use of antimicrobials in food animals has also been reported in
other African countries (South Africa and Tanzania), where tetra-
cycline, sulphadimidines, and penicillin-streptomycin were most com-
monly used in livestock [16,43]. Similar levels of antimicrobials usage
have been reported in India, where penicillin and tetracycline were
most commonly used in food animals [44].

This study has identified the key pathways for emergence and
spread of antimicrobial resistant pathogens from food animals to hu-
mans. These were through: contaminated food animal products (raw
milk, raw cheese, under cooked meat); direct or indirect contacts with
contaminated animals and fomites; and antimicrobials contaminated
environmental releases and wastes (faeces and their aerosols). These
observations are in consonance with study findings that reported

Table 4
Identification of pathways for transmission and spread of antimicrobial re-
sistant pathogens from livestock to humans in North-central Nigeria.

Pathway Frequency Proportion 95% CI

(n) (%)

Contaminated food animal products
Raw milk 96 25.0 20.9, 29.5
Raw cheese 101 26.3 22.1, 30.9
Under cooked meat 142 37.0 32.3, 41.9
Don't know 45 11.7 8.8, 15.2

Contacts: direct or indirect
Humans with contaminated animals 294 76.6 72.1, 80.6
Humans with contaminated fomites 32 8.3 5.9, 11.4
Don't know 58 15.1 11.8, 18.9

Environmental releases and wastes
Discharged contaminated faeces (manure) 214 55.7 50.7, 60.7
Aerosols from herd facilities 56 14.6 11.3, 18.4
Flies attracted to the contaminated faeces 93 24.2 20.1, 28.7
Don't know 21 5.5 3.5, 8.1

CI – Confidence interval.

Table 5
Socio-cultural factors that influence antimicrobials misuse on livestock by
pastoralists in North-central Nigeria.

Activity Poor
influence

Satisfactory
influence

Odds ratio 95% CI P-value

(%) (%) (OR)

Improper antimicrobial usage
No 28 (63.6) 16 (36.4) 1.00
Yes 20 (5.9) 320 (94.1) 28.00 13.06,

60.02
< 0.001

Non-enforcement of laws regulating antimicrobial usage
No 37 (52.1) 34 (47.9) 1.00
Yes 60 (19.2) 253 (80.8) 4.59 2.67, 7.91 < 0.001

Weak financial status of pastoralists
No 37 (56.1) 29 (43.9) 1.00
Yes 68 (21.4) 250(78.6) 4.69 2.69, 8.17 < 0.001

Low education and expertise of pastoralists
No 46 (73.0) 17 (27.0) 1.00
Yes 74 (23.1) 247 (76.9) 9.03 4.89,

16.69
< 0.001

Nomadic and transhumance culture of pastoralists
No 55 (73.3) 20 (26.7) 1.00
Yes 68 (22.0) 241 (78.0) 9.75 5.47,

17.38
< 0.001

Extensive husbandry system
No 32 (54.2) 27 (45.8) 1.00
Yes 91 (28.0) 234 (72.0) 3.05 1.73, 3.57 0.001

Statistically significant at p < 0.05.
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transmission of resistant pathogens from livestock to humans through
food consumption, or through direct contact with animals or their
waste in the environment [45–51].

Socio-cultural activities of improper antimicrobial usage, non-en-
forcement of laws regulating antimicrobial usage, weak financial status
of pastoralists, low education and expertise of pastoralists, nomadic and
transhumance culture of pastoralists, and extensive husbandry man-
agement system were found to significantly influence antimicrobials
misuse on livestock. Improper antimicrobial usage and lack of en-
forcement of regulations guiding the use of antimicrobials in food an-
imal are major factors contributing to increase in antimicrobial re-
sistance [52]. To mitigate antimicrobials misuse and resistance rates in
livestock, we advocate strengthening of awareness campaign in pas-
toralist communities through mass media, especially radio. For a suc-
cessful intervention in reform of socio-cultural activities, inter-dis-
ciplinary collaborations involving veterinary and public health
authorities, anthropologists, and sociologists are needed to educate
pastoralists to change their perceptions and knowledge beforehand
towards proper antimicrobial usage on livestock. Previous studies have
indicated collaborative efforts to be the most efficient strategies for the
modification of behaviours, achievement and enactment of effective
cultural change among antimicrobials users for diseases control and
prevention [53–56].

Although most of the antimicrobials used by pastoralists were
within the first categories of the OIE List [57], the major problem was
with practice of appropriate dosages. The observed interconnected so-
cial factors that driven antimicrobials misuse could create complex
challenges associated with antimicrobial resistance in food animals,
humans and the environment. Single, isolated interventions may,
therefore, have limited impact. Strategies to address current gaps in
knowledge and practices regarding prudent antimicrobial usage in food
animals should be through “One Health” approach because of human
and environment involvement. This will also aligned with the OIE
strategy on antimicrobial resistance and prudent use of antimicrobials
and WHO Global Action Plan that recognizes importance of an ap-
proach involving human and animal health, agricultural and environ-
mental needs [58].

This study used questionnaire tool designed in English and trans-
lated to Hausa language since majority of the participants do not pos-
sessed formal education to sufficiently answer questions satisfactorily,
which is a major limitation. In this case, the questionnaire was pilot
tested after translation to make sure that no information was lost in the
process and the questions are interpreted in the same way as in the
original questionnaire.

5. Conclusion

The current study has revealed overall low levels of knowledge and
practices regarding antimicrobial usage in livestock among pastoralists
surveyed. Improve pastoralists' knowledge about effects of anti-
microbials misuse and promotion of prudent usage in livestock will
mitigate antimicrobial resistance menace in food animals for direct
benefits to humans. Antimicrobial resistant pathogens can be spread to
humans through contaminated animal products; contaminated animals
and fomites; and environmental wastes (faeces). Consideration of these
pathways is crucial for the surveillance, control and prevention of an-
timicrobials misuse. Socio-cultural activities significantly influenced
antimicrobials misuse among pastoralists. Gradual reform of these ac-
tivities through collaborations, in line with ‘One Health’ approach, will
assure food safety, food security, and animal, public and environmental
health.
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