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Abstract: Antimicrobial resistance (AMR) remains a challenge in Kenya, while the extent remains unknown.
The cross-sectional survey was conducted in August 2021 among farmers, animal health service providers and
AMR researchers to assess the knowledge, cultural beliefs, practices, and behavioral patterns among
multisectoral stakeholders in Kenya. Regional digital data collection tool developed by Food and Agriculture
Organization of the United Nations (FAO) was shared and responses obtained through mail, phone calls and
direct interviews. Descriptive and inferential analysis were conducted. Antimicrobials were mostly sourced
from agro-veterinary shops and from veterinary professionals. Farmers, often implement treatment of own
animals and reported overuse, unnecessary use, and sometimes fail to complete the dosage in livestock. More
farmers reported to have heard about antibiotics as compared to antimicrobials, mostly from friends and radio
program, however only 9.2% could correctly differentiate the two. Animal Health Service Providers (AHSP)
were the source of information to farmers regarding AMR. AHSPs mainly relied on suppliers and distributors
for information about antibiotics. Both farmers and AHSPs treated viral infections with antibiotics. OHPs had
higher knowledge and largely favorable attitudes towards AMR. Upto 72.7% OHP from training institutions
had AMR included in training curriculum however, they were optimistic livestock farmers and government
were less concerned about AMR. Gaps in knowledge and practice on Antimicrobial Stewardship (AMS) were
observed in all categories of stakeholders. Given the documented knowledge-practice gap, innovative solutions
are needed for both AHSPs and farmers to promote good antimicrobial stewardship practices and to mitigate
burdens of AMR. Outcomes of this research should deepen the understanding of critical information and
trigger behavioral change in usage and stewardship of antimicrobials.

Keywords: antibiotics; antimicrobial resistance; knowledge; attitude; practice; animal health service
provider; livestock farmer; Kenya

1. Introduction

Bacterial antimicrobial resistance (AMR) is one of the emerging prominent public and animal
health threats of our time, one that threatens the effective treatment of an ever-increasing range of
bacterial infections in both animal and human populations [1]. Indeed, the major international
agencies tasked with promoting public and animal health, including the Food and Agriculture
Organization, World Health Organization, World Animal Health Organization, United Nation
Environmental Program and various other groups and researchers, agree that AMR is a pressing
global issue that requires coordinated efforts to address [2—4]. Left unchecked, AMR significantly
threatens the achievement of the Sustainable Development Goals (SDG), with the greatest potential
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impact being on no poverty (SDG 1), zero hunger (SDG 2), health and well-being (SDG 3), clean water
and sanitation availability (SDG 6), decent work and economic growth (SDG 8), and reduced
inequality (SDG 10) [2,5,6]. It is estimated that over 24 million persons will become extremely poor
by 2030 due to AMR with collective economic costs of AMR surpassing $120 trillion by 2050 [2,7,8].
Even though AMR is a global problem, the socio-economic burden is and will be disproportionately
higher in low-income and middle-income countries such as Kenya unless mitigation efforts are
intensified [9-11].

In Kenya, studies and laboratory records indicate that there is increasing prevalence of AMR
bacteria in various parts of the country [12,13]. Kenya has made initial positive steps towards
containment and control of AMR through streamlining coordination mechanisms, increasing
awareness activities on the dangers of AMR, creation of nationally coordinated surveillance activities
in both livestock and human health sector and implementing field activities to promote infection
prevention and control thus reducing antimicrobial consumption and associated AMR [12,13,15].
However, as per the 68t World Health Assembly resolution, which recommended development and
implementation of National Action Plans on AMR, the burden of AMR and Antimicrobial Use (AMU)
in Kenya has not been determined comprehensively due to lack of reliable data [12-15].

Larger land masses of Kenya are arable land suitable for livestock keeping, hence many Kenyans
depend on livestock for their livelihoods. In this study, we assessed the knowledge, cultural beliefs,
practices, and behavioral patterns towards AMR to deepen the understanding of commonly known
information, attitudes, drivers and factors that influence behavior with the regards to antimicrobials
usage and management in Kenya. This study may serve as a baseline source for the development of
effective antimicrobial stewardship and best farm practices and intervention programs to mitigate
inappropriate AMU.

2. Results
2.1. Farmers

2.1.1. Farmers Demographic Characteristics and Farming Practices

Among the enrolled farmers, 249 (65.3%) were males. Most of the farmers were young adults
falling between the ages 30 — 49 years old (61.4%). The farmers had varied levels of education with
those completing secondary education being the majority at 121 (31.8%). Most of the farmers had less
than five years in farming (n = 186; 48.9%) as shown in Table 1.

Table 1. Demographic characteristics of the respondents.

Animal health service

Farmers . One Health professionals/
Parameters providers R
n (%) training institutions n (%)
n (%)
Gender
Male 249 (65.3) 36 (76.6) 17 (53.1)
Female 132 (34.7) 11 (23.4) 15 (46.9)
Age Groups
<20 3(0.8) 21 (44.7) 0(0.0)
20-29 76 (20.0) 14 (36.2) 14 (43.8)
30-39 117 (30.7) 7 (14.9) 4 (12.5)
40-49 117 (30.7) 3(64) 9(28.1)
50 - 59 54 (14.3) 2 (4.3) 2(6.3)
260 14 (3.7) 0(0.0) 3(94)
Level of Education
None 115 (30.2) 0(0.0) 0(0.0)
Primary 65 (17.1) 0(0.0) 0(0.0)

Secondary 121 (31.8) 0(0.0) 0 (0.0)
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Diploma 32 (8.4) 5 (10.6) 1(3.1)

Degree 41 (10.8) 24 (51.1) 16 (50.0)
Masters/PhD 7 (1.9) 18 (38.3) 15 (46.9)

Years of experience in the livestock value chain

<1 20 (5.3) 2 (4.3) 6 (18.8)

1-5 166 (43.6) 23 (48.7) 9(28.1)

6-10 60 (15.8) 8 (17.0) 3(94)

11-15 52 (13.7) 7 (14.9) 5 (15.6)

>15 83 (21.8) 7 (14.9) 9(28.1)

The farmers practice mixed livestock and crop production. They keep various species of
livestock including cattle, sheep and goats, chicken, pigs, camels, and fish. Chicken, sheep, and cattle
were the most kept livestock kept by the farmers at 193 (50.7%), 136 (35.7%) and 136 (35.7%)
respectively (Supplementary Table 1).

Most farmers with no formal education (64.0%) resorted to self- treatment of animals however
those with basic (56.6%) and tertiary (44.6%) levels of education were more likely to ask for an animal
health professional to attend their animals (Table 2).

2.1.2. Knowledge and Perceptions on Antimicrobials, Antibiotics, and Antibiotic Resistance among
Farmers

More farmers (n = 108; 28.4%) have heard about antibiotics as compared to antimicrobial (n=51;
13.4%) however only 32 (9.2%) of those who have heard about antibiotics could correctly differentiate
the two. Most farmers had heard of AMR (n = 96; 85.7%), mostly through friends, workshops, and
the radio (Figure 1). Animal health professionals were the least common source of information about
AMR to farmers (Figure 1). Only over 15% of farmers attempted to describe what causes AMR, with
60 (15.8%) of them describing the cause due to bacterial resistance, 40 (10.5%) due to medicine losing
their potency and misuse or overuse of antimicrobials (Figure 1). Farmers reported overuse of
antimicrobials 80(23.1%), unnecessary use 36(10.4%) and failure to complete the dosage when an
animal is undergoing treatment is showing some improvement 27(7.8%) as the drivers of AMR
(Figure 1).

Farmers were concerned that their animals and family members would acquire AMR (Figure 2).
Failure for an animal to recover from illness was highly regarded as a serious concern (Figure 2). A
significant proportion of farmers (n = 149; 41.9%) perceived that it is appropriate to use antimicrobial
to promote animal growth although only 0.4% claimed to use antibiotics to improve productivity
(Table 3).

2.1.3. Practices on Antimicrobial Use among Farmers

Antimicrobials were mostly sourced from agro-veterinary shops (n = 171; 49.0%) and from
veterinary professionals (n = 164; 47.0%) (Table 3). Some farmers (n = 228; 63.7%)) stated that they
would obtain a prescription before buying antimicrobials. Likewise, over half of farmers (n = 209;
60.2%) reported to use alternative medicine as first option instead of antimicrobials (Table 3). The
reason for use of alternative medicine was to prevent AMR (n = 145; 86.8%) and that they were
cheaply available (n =16; 9.6%). (Table 3).

Farmers relied on agro-veterinary shops’ recommendations for quality assurance (n = 131;
36.9%), checking of the expiry dates before purchasing largely practiced (n =191; 54.9%) among other
quality assurance practices including acquiring from specific outlet (Table 3). Antimicrobials were
used by farmers to treat FMD (n = 121; 34.1%) and Newcastle disease in chicken (n = 111; 31.1%)
among other viral diseases (Table 3). Record keeping was poorly practiced by farmers, records were
kept on livestock production (n = 158; 44.5%) and sales at the farm (n = 106; 26.8%). Upto 59 (16.6%)
were not keeping any records.
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Table 2. Farmers’ preferred animal diseases prevention and treatment methods based on farmers’ level of education and years of farming experience.

Characteristics Level of education Years of farming experience
No formil (n= Basic(n=186) Tertiary (n=80) _ 1\ _50) (%) 1-5(n=166) (%) 6-10 (n=60) (%) 1115 (n=52) (%) > 15 (n=83) (%)
115) (%) (%) (%)
Prevention of diseases at the farm
Practice farm hygiene 86 (74.8) 118 (63.4) 49 (61.3) 11 (55.0) 115 (69.3) 33 (55.0) 33 (63.5) 61 (73.5)
Use commercial medicine 11 (9.6) 62 (33.3) 18 (22.5) 1(5.0) 34 (20.5) 25 (41.7) 14 (26.9) 17 (20.5)
Use feed supplements 14 (12.2) 93 (50.0) 51 (63.8) 9 (45.0) 78 (47.0) 26 (43.3) 19 (36.5) 26 (31.3)
Action taken when livestock is unwell
Call agrovet shop 17 (15.3) 28 (15.8) 20 (27.0) 8 (40.0) 34 (21.9) 7 (11.7) 4(7.8) 12 (15.0)
Call neighbour/ friend 4(3.6) 2(1.1) 1(1.4) 1(5.0) 3(1.9) 1(1.7) 0(0.0) 2 (2.5)
Call a veterinarian 18 (16.2) 106 (58.6) 33 (44.6) 9 (45.0) 74 (47.7) 29 (48.3) 18 (35.3) 27 (33.8)
:;‘ii?l:em treatment of own ) 0y ) 43 (23.8) 19 (25.7) 2 (10.0) 42 (27.1) 23 (38.3) 27 (53.0) 39 (48.8)
Take no action 1(0.9) 2(1.1) 1(1.4) 0(0.0) 2(1.3) 0(0.0) 2(3.9) 0(0.0)

Cumulative percentage may exceed 100% where multiple responses were selected.
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I am concerned when animal fail to recover after
treatment
I am concerned that I may get AMR related disease _.
I am concerned when and if my family member are not
responding to treatment

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Seriously concerned M Concerned M Slightly concerned No opinion

Antibiotics should be prescription only medicine

No danger with proper antimicrobial use of
antimicrobials in animals and man

It is appropriate to use antimicrobial to promote
growth

Antimicrobials protect man and animals

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Strongly agreed m Agreed M Neutral Disagreed W Strongly disagreed

Figure 2. Assessment of farmers’ perceptions on antimicrobial resistance (n = 355).

Table 3. Antimicrobial use practices on among farmers.

Variable Parameter Number (%)
Treatment 187 (79.6)
Reason for using antimicrobials (n =Advice by veterinarian 25 (10.6)
235) Prevent animals from sickness 22 (9.4)
Increase productivity 1(0.4)
Prevent resistance 145 (86.8)
Why use alternative toAvailable cheap option 16 (9.6)
antimicrobials (n =209) Prefer traditional 2(1.2)
Veterinarian’s advice 4(24)
Agro-veterinary shops 171 (49.0)
Source of antimicrobials (n=349)  Veterinarians 164 (47.0)

Friends 14 (4.0)
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Whenever animal is sick 249 (77.3)
g;;:[uency of antimicrobial use (n =1\V\/;zf11:}11}17y ; 32 ((196??3)

Never 4(1.2)

Twice a year 4(1.2)

Yes 228 (63.7)
Usually get prescription (n=355)  Sometimes 98 (24.6)

No 29 (8.3)

Agro- i h 11 7
Source of advice before buying gro-veterinary shops 2(63.7)

Local inari 23.
antimicrobials (n = 163) ocal vetermarians 39 (23.9)

No advice 12 (7.4)

Seller recommendations 131 (36.9)

Check expiry 195 (54.9)

Antimicrobial Quality assurance (n =Buy from agro-veterinary shops 82 (23.1)

355) Buy specific brands 58 (16.3)
Ask friends/neighbor 29 (8.2)
No quality assurance 6(1.7)

. . . . _Through injection 243 (68.5)

3A5r;t)1m1crob1al administration  (n Mix with water/other liquids 151 (42.5)

Mix with feeds 66 (18.6)

As prescribed 220 (62.0)

Duration of antimicrobial use (n =As per manufacturer’s instruction 84 (23.7)
355) Before end of prescription 25 (7.0)
Longer than prescription 15 (4.2)

Livestock population 158 (44.5)

Sales 106 (29.9)
. Vaccination 95 (26.8

Record keeping (n = 355) Antimicrobials used 49 213.8;
Disinfection 23 (6.5)

No record kept 59 (16.6)

Treat FMD (viral) 121 (34.1)

) .. . Treat NCD (viral) 111 (31.3)

?28585&‘;63 treated by antimicrobials (n, 1 titis (Bacterial) 99 (27.9)
Treat classical swine fever (viral) 21 (5.9)
Treat CCPP/Pox (Viral) 14 (3.9)

Keep for future use 244 (68.7)

Give to neighbors 42 (11.8)
Disposal ~ of excess/ expiredThrow in garbage 35(9.9)
antimicrobials (n = 355) Bury 27 (7.6)
Burn 16 (4.5)
Veterinarians takes it away 12 (3.4)

FMD = Foot-and-mouth disease; NCD = Newcastle Disease; CCPP = Contagious Caprine Pleuro-Pneumonia.
2.2. Animal Health Service Providers (AHSP)

2.2.1. Demographic Characteristics of the Veterinary Professionals and Paraprofessionals

The survey received response from 47 veterinary professionals and paraprofessionals. In Kenya,
veterinary professionals have minimum of degree in veterinary medicine, while paraprofessionals
are either holders of certificate, diploma or degree in animal health sciences. Of the respondents 36
(76.6%) were male. Most respondents were young adults of age groups 20-29 Twenty one21 (44.7%)
had 2-5 years of veterinary related. It was noted that not all respondents completed the questionnaire,
hence some missing data on subsequent variables (Table 1).
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2.2.2. Knowledge, Attitudes, and Practices towards Antimicrobials Use and AMR by the Animal
Health Professionals.

Most of the respondents have heard of AMR and could properly describe antibiotics and
antimicrobials with a majority having heard of AMR during training programs (n=17; 65.4%) and in
workshops (n=13; 50.0%) (Table 4). The understanding that AMR is a global threat was agreed to by
22 respondents (84.6%), while 12 (46.2%) responded that it (AMR) can be eradicated. Among the
promoters of AMR, antimicrobial overuse and unnecessary use scored highly (n = 23; 88.5%) and (n
=19; 73.1%) respectively (Table 4). Other drivers of AMR listed were incomplete dosage and use of
water contaminated with feces, antimicrobial residues, and fertilizer. The respondents indicated that
practicing hygiene, sanitation, and biosecurity at the farm (n = 21; 80.8%) as the main way of
preventing occurrence of AMR (Table 4).

Table 4. Assessment of veterinary professionals and paraprofessionals knowledge towards AMR.

Variable Parameter Number (%)

Knowledee  an dKnow and described antibiotics correctly (n = 29) 28 (96.6)

awarenesi o fKnow and described antimicrobials correctly (n = 30) 28 (93.3)

antimicrobials Know difference between antibiotic and antimicrobial (n = 20) 20 (69.0)
Have heard of antimicrobial resistance (n = 28) 28 (100.0)
TV 6 (23.1)
Workshop 13 (50.0)

Source of Training program 17 (65.4)

information aboutSocial media 6 (23.1)

AMR (n = 25) Radio 3 (11.5)
Newspapers 8 (30.8)
Friends/relatives 4 (15.4)
No treatment due to ineffective medicine 11 (42.3)

What best . . . . .

. When microorganisms become irresponsive/less responsive to
describe o . 21 (80.8)
.. . antimicrobial drugs
antimicrobial

. Lack of treatment because medicine lose potency and effectiveness 10 (38.5)
resistance (n = 25)

When microorganisms change 19 (73.1)
Understanding AMR in .food animals is detected by number of antimicrobial 8 (30.8)
and perception Onre51du.es in meat
AMR (n = 25) AMR is a global health threat 22 (84.6)
AMR can be eradicated 12 (46.2)
Incomplete dosage during antimicrobial treatment 18 (69.2)
Appropriate use of antimicrobials in people and animals 2(7.7)
What  promotesUsing water contaminated with fertilizer, feces, and antimicrobial 9 (34.6)
AMR (n = 25) residues '
Unnecessary antimicrobial use in humans 19 (73.1)
Antimicrobial overuse in animals 23 (88.5)
Good vaccination programs 18 (69.2)
Ways to preventGood husbandry practices 19 (73.1)
AMR (n = 20) Prudent antimicrobial use 19 (73.1)
Practicing hygiene, sanitation and biosecurity 21 (80.8)

The respondents shared various perceptions regarding antimicrobial use and AMR, with 18
respondents (90.0%) agreeing that antimicrobials improve the growth rate of animals. Over 14
respondents (70.0%) agreed that proper use of antimicrobials in animals poses no danger, while 17
(85.0%) of respondents strongly agreed that antimicrobials should be given with prescriptions. (Table
5). Among the factors which were indicated by the respondents as having strong influence were
laboratory diagnosis (n = 15; 75.0%), data published in online journals (n = 12; 60.0%), laws and
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regulations (n=12; 60.0%) and professional groups (n=12; 60.0%). The AHSPs reported to rely mostly
on suppliers and distributors (n = 10; 55.6%) for information about specific antimicrobial which
included information on dosage, AMR, and sales (Table 6, Figure 3).

Table 5. Perceptions and concerns of veterinary professionals and paraprofessionals regarding
antimicrobial resistance.

Variable Parameter Frequency (%)
Antimicrobials protect man and animals fromAgreed 9 (45.0)
diseases (n = 20) Disagreed 9 (45.0)
Antimicrobials improve animal growth rate (n = ZO)it;Zeg(liy disagreed 1? 2200?)
No danger if antimicrobials are properly used inStrongly agreed 14 (70.0)
animals (n = 20) Agreed 5 (25.0)
Antimicrobials should be given with prescriptionsStrongly agreed 17 (85.0)
(n=20) Agreed 3 (15.0)
Concerned that a family member may get illness notSeriously concerned 17 (85.0)
responding to medication (n = 20) Concerned 2 (10.0)
. . . _ Seriously concerned 16 (80.0)
Worried of AMR related issues in future (n = 20) Concerned 420.0)
Government concerned about antimicrobialconcemed 17/(85.0)
resistance (n = 20) Not co.n(':erned at all 2 (10.0)
No opinion 1 (5.0)
Farmers concerned about antimicrobial resistanceconcemed 14 (70.0)
(n=20) Not Co'nc‘erned at all 5 (25.0)
No opinion 1 (5.0)
Concerned 16 (80.0)

Consumers concerned about  antimicrobial

resistance (n = 20) Not Co'nc.:erned atall 3 (15.0)
No opinion 1 (5.0)
Online Search engines  INEEEEEEN———— I
Profits | e — I
Professional groups I |
Private industry I L
Laws and regulations  EEN—— L
Laboratory diagnosis NN L |
L

Data published in journals  IEEE————
Customers' demands

Media

Family members
0% 10%  20%  30%  40%  50%  60%  70%  80%  90%  100%

W No influence M Limited influence M Moderate influence

Substantial influence M Very strong influence

Figure 3. Antimicrobial use and factors that influence antimicrobial prescription among veterinary
professionals.

In this practice, a majority (n = 15; 83.3%) reported to be advising farmers on antimicrobial use
whenever they sell or issue to farmers. The farmers are mostly advised during sales promotion and
upon request (n = 14; 77.8%). Few AHSPs, (n = 8; 44.4%) demand prescriptions whenever they are
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selling antimicrobials to farmers. Those who did not demand prescriptions gave reasons as not
required by law (n = 7; 38.9%), not requirement by the organization/ business (n = 5; 27.8%) while
others just felt no need as clients do not prefer getting a prescription. Keeping no records of
prescription issued and the details on persons presenting the prescriptions were widely practiced (n
=12; 66.7%). Encountering a farmer with expired antimicrobials was a common finding (n=12; 66.7%)
in which most of the AHSPs would encounter at least once a month (n = 6; 33.3%). Farmers were also
advised to use antimicrobials mostly to during treatment of Foot and Mouth Disease of cattle (n = 10;
55.6%) and Newcastle disease of chicken (Table 6, Figure 3).

Table 6. Antimicrobial dispensation practices among AHSPs.

Variable Parameter Frequency (%)
Another animal feed store/animal pharmaceutical § (44.4)
store

Source of antimicrobialFacts on antimicrobial/antibiotic resistance 3 (16.7)

information (n = 18) From suppliers/distributor/representative 10 (55.6)
Sales guidance for antimicrobials/antibiotics 4 (22.2)
The dosage and use in feed and water 10 (55.6)

Selling feed mixed withNever 17 (89.5)

antibiotics (n = 19) No (done previously but not at the moment) 2 (10.5)

Advice farmers or1Sometlmes 1(.6)

. . Yes 15 (83.3)

antimicrobial use (n = 18) . .

During sale promotions 2 (11.1)

Occasion when farmers areDuring sale promotions 2 (11.1)

advised on antimicrobialln possession of a prescription 12 (77.8)

use (n =18) Upon request by customer 3 (16.7)

Demand prescriptionNo 5(27.8)

before sellingSometimes 5(27.8)

antimicrobials (n = 18) Yes 8 (44.4)
Feel no need 3(16.7)

Record Keeping No records of clients' wi‘th prescriptions kept 11 (61.1)

antimicrobials used (n =1 8)N0 records. of prescriptions Fepjc . 12 (66.7)
Not a requirement by organization/business 5(27.8)
Not required by law 7 (38.9)
At least once a month 6 (33.3)

Frequency —of meetingAt least once a week 2 (11.1)

farmer who use expiredAt least once every six months 7 (38.9)

antimicrobial (n = 18) At least once every two weeks 2 (11.1)
Everyday 1(5.6)
Burn 5(27.8)

Advice to farmers onBury in the ground 3(16.7)

antimicrobial disposal (n =Keep for future use 5(27.8)

18) Throw in the garbage 3(16.7)
Return to the suppliers 3(16.7)

Ad?nc.e on use OfAdvise use of antimicrobials to treat FMD 10 (55.6)

antimicrobials (n = 18)

Advise use of antimicrobials to treat NCD 10 (55.6)

* One respondent gave two responses. FMD = Foot-and-mouth disease; NCD = Newcastle disease.
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2.3. One Health Practitioners

2.3.1. Demographic Characteristics

The survey received response from 32 respondents of which a majority were male, and age
group of 20 — 29 years old (n = 14; 43.8%). The respondents had varied years of experience ranging
from less than one year to over 15 years (Table 1).

2.3.2. AMU/AMR Knowledge Practices and Perceptions among One Health Practitioners (OHPs)

We observed high levels of knowledge, understanding and description of AMR among the
OHPs. A majority had over 15 years in practice and in post graduate education. The knowledge on
description, promoters and preventive measures of AMR were satisfactory and this was highly
expected (Table 7). Most of the respondents agreed on the usefulness of antimicrobials in protecting
people and animals from diseases. We observed generally favorable attitudes from OHPs towards
AMR; however, more than a quarter strongly agreed on the importance of using antimicrobials in the
farms.

On the concerns of different players in animal health practices and regulations, the respondents
were optimistic that the government, farmers, consumers, and feed venders were slightly concerned
about AMR (Figure 4). Respondents representing OH training institutions mostly indicated inclusion
of AMU and AMR related subjects in the training and research institutions with 72.7% indicating the
existence on AMR related curriculum (Table 8). Client expectations and family members were
reported to have limited influence on prescription of antimicrobials by most of respondents (Figure

4).
Table 7. Knowledge assessment of antimicrobial resistance among research and One Health
partners.

Variable Parameter Frequency (%)

Knowledge of AMRKnow and descr%bed ant%n.lia.‘obial correctly 23 (95.8)

terminologies (n = 24) Kﬁow an‘d descrlb‘ed' antll?lotlcs correcjcly . 23 (95.8)
Differentiated antimicrobials from antibiotics 17 (70.8)
Friends 7(29.2)
Workshops 8 (33.3)
Radio 2 (8.3)

Heard of AMR (n = 24) TV 6 (25.0)
Print media 5(20.8)
School training 14 (58.3)
Social media 4 (16.7)
Bacterial resistance 18 (75.0)

) Genetic transfer 12 (50.0)

?;Z;mbed aspects of AMR (nWhen medicine lose potency 12 (50.0)
Overuse/misuse of drugs 20 (83.3)
Health issue affecting animal and plants 18 (75.0)
Opveruse of antimicrobials 20 (83.3)
Fertilizer and feces in water 13 (54.2)

Promoters of AMR (n=24) Unnecessary use 22 (91.7)
Incomplete dosage 17 (70.8)

Good agricultural practices 16 (66.7)
Prudent use of antimicrobials 21 (87.5)
Vaccinating livestock 18 (75.0)

AMR preventive measures
(n=24)
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Table 8. Assessment of inclusion of antimicrobials and antimicrobial resistance-related subject in the
training and research institutions curricular.

Variable Parameter Frequency (%)
Existing AMR curriculum (n=Yes 8(72.7)
11) No 3(27.3)
. B 1-3 hours (one class) 7 (63.6)
AMR class duration (n=11) I don’t know 4(36.4)
Food safety 1 (25)
B Antimicrobial surveillance 1(25)
AMR research type (n =4) Prevalence, mechanisms and outcomes 1(25)
I do not know (no specific focus) 1(25)
Microbiology 6 (66.7)
- . _ o Public health/ One Health 1(11.1)
Specific subject of focus (n=9) AMR short course 1011.1)
I do not know (no specific focus) 1(11.1)
Research results shared withYes 4 (80.0)
stakeholders (n =5) I am not sure/I do not know 1(20.0)

It is important to use antimicrobials/antibiotics on farm _ -
Antimicrobials improve animal growth rate -
Antimicrobials protect man and animals from diseases _.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Strongly agreed W Agreed M Neutral Disagreed W Strongly disagreed

Animal feed producers are concerned about AMR
Ammal feed vendors are concerned about AMR
Consumers are concerned about AMR

Farmers are concerned about AMR

The government is concerned about AMR

I am concerned that [ will get antimicrobial resistance. ..

I am concerned that a family member may get illness...
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Seriously concerned M Concerned M Slightly concerned Not concerned B No opinion

Figure 4. Perceptions and concerns of research and One Health institutions and partners regarding
antimicrobial resistance.


https://doi.org/10.20944/preprints202307.0547.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 July 2023 do0i:10.20944/preprints202307.0547.v1

13
3. Discussion

3.1. Farmers

In this work, we have evaluated the knowledge, attitudes, practices, and perceptions of livestock
stakeholders (farmers, animal health service providers, and other One Health practitioners) on
antimicrobial use in Kenya. The profile of evaluated stakeholders spread across levels of education
and years of empirical practice. In addition, most of the farmers practice mixed livestock and crop
production. Most farmers in developing countries practice mixed farming, and rarely specialize on
single production system for their livestock, this method is suitable for small scale farmers as it
spreads the risk of production failures and challenges across various livestock species and crops
[16,17]. Such practices can promote spread of livestock diseases from one species to another and
hinders specialization which leads to increased production [18]. It is observed that the level of
education and the farming experience seemed to influence disease prevention practices on farm;
similarly, various studies have found that education improves decision-making skills of farmers
[19,20]. Furthermore, a study conducted in Ghana noted that farmers with more than 10 years of
farming experience were more likely to administer antibiotics to their animals [21]. The practice of
treating own animals with antibiotics been associated to the low number of veterinary professionals
against the number of live animals. The inaccessibility of professionals together with associated costs
incurred by the farmer have been indicated as some of the reasons farmers resort to treating their
own sick animals, findings that have been reported in other studies [22,23].

Most farmers have heard of AMR mostly through friends, workshops, and the radio, and animal
health professionals were observed to be the least common source of information on AMR to farmers.
This observation can be related to the fact that most farmers do not have access to animal health
professionals who have been reported to be either low in numbers or inaccessible to low-income
farmers due to high treatment costs [22,24]. Despite knowing about the existence of AMR, only a few
farmers could clearly describe what causes AMR, including overuse of antimicrobials, unnecessary
use and failure to complete the dosage when animal is undergoing treatment due to some
improvement [25]. The use on antimicrobials at the farm level has been shown to correlate directly to
the good agricultural practices and adherence to livestock vaccination schedules, with farmers not
observing such practices likely to overuse and abuse antimicrobials hence promoting AMR [24].
Farmers raised concerned about their animals and family members acquiring AMR, and failure of
animals to recover from illnesses. Farmers have perceived antibiotic resistance as a possibly
catastrophic risk that would need continuing risk assessment and management to safeguard animals
and their livelihoods [26].

In our study, farmers mostly sourced their antimicrobials from agro-veterinary shops (49.0%)
and from veterinary professionals (47.0%), and some farmers (63.7%) stated that obtain prescriptions
before buying antimicrobials. This study reports a higher proportion of farmers that acquire
prescription than other studies that have stated as low as 8-12% compliance with acquiring
prescriptions for antimicrobials [22,27,28]. Despite the above finding, over 68% of the farmers
reported to store expired or left over medicine, possibly for future use, a finding that shows poor
adherence to good antibiotic use practices [22,23,27,28]. Some farmers reported to use alternative
herbal medicines. The use of herbal medicine and other alternative African traditional medicine have
been applied both to livestock and human with reported recoveries from common illnesses [29,30].
The involvement of alternative medicine can reduce consumption of antimicrobials thus decreasing
selective pressure for AMR emergence. However, more research focus should be directed towards
identification of active ingredients, dosage and possible side effects of these alternative medicines
[31].

Farmers relied on agro-veterinary shops’ recommendations for antimicrobial administration,
quality assurance, and for checking of the expiry dates before purchase. Whether this is enough is
doubtful, as agro-veterinary shops are traders who may be motivated by profits. Quality assurance
of antimicrobials used in animals and human is a critical control point, which help in curbing AMR
through assurances for potency and efficiency [32] and must be taken seriously. Antimicrobials were
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administered by farmers through injections while mixing with water and other liquids before
administration was also a common delivery method. Self-administration of drugs including
antibiotics to animals without prescription has been considered one of the main drivers to AMR [33-
35]. The use of antimicrobials to treat FMD, Newcastle disease in chicken among other viral diseases
were practiced (Table 3). Such diseases can easily be managed through adequate vaccination
program, and this will reduce the cost of antimicrobials and the emergence of AMR. Poor farming
practices including lack of adherence to vaccination and biosecurity guidelines, which have been
shown to promote overreliance of antimicrobials [36,37].

Record keeping has been used as a tool which aides in evaluation of livestock enterprises and
assisting in decision making [38—40]. In our study, record keeping was low for livestock population,
sales at the farm, vaccination, antimicrobials use and disinfection. Almost one-fifth of respondents
kept no records. Poor record keeping behaviors among the small-scale farmers can be attributed to
low education levels, insufficient awareness and information [38-40]. Poor record on farm record
keeping is an impediment to monitoring on farm antimicrobial consumption [41,42].

3.2. Animal Health Service Providers (AHSP)

Despite 47 veterinary professionals responding, there was low number of respondents who
managed to complete the data collection tool and gave adequate information (63.8%). This was
attributed to data collection method (use of social media or email addresses) to access the respondents
rather than physical evaluation. It should be understood that the evaluation was conducted at a time
when COVID-19 restriction was still in Kenya, and the electronic method was the best system to carry
out the survey. Our findings reveal greater familiarity amongst animal health professionals with
terminologies related to antibiotic resistance, a finding that has been reported in previous study in
Kenya [43]. The good knowledge and awareness of AMR by the respondents, as observed in our
study can be attributed to the increasing sharing of information on antimicrobial use and AMR
through trainings, workshops and the various AMR awareness activities that have been carried out
in the country [15,27,44,45].

The response from farmers on the consult with agro-veterinary shops and veterinary
professionals is good for antimicrobial stewardship. Animal health professionals are expected to
issue prescription whenever antimicrobial is indicated for management of livestock diseases [46,47].
In addition, animal health professionals are routinely and directly involved in antimicrobial use on
the farm [46—48]. The need for professionals to strictly follow clear guidelines and standardized
regulations regarding prescription of antimicrobials is obvious [49-51]. The survey demonstrates
good knowledge on antimicrobials and AMR among the animal health professionals. We relate this
to ongoing AMR awareness and the fact that most respondents were young adults who left collage
recently, as observed in other studies [2,15,28].

We observed various practices concerning the application of antibiotics against common
livestock diseases which are caused by viruses. This suggests vaccines are underused among the
animal health professionals or the farmers are not adequately informed. Increasing livestock
vaccination has been identified as one of major actions which will reduce antimicrobial use and the
resultant burden of AMR [36,52,53]. The practice and implementation of prescription of
antimicrobials have been slowly implemented in developing countries including Kenya [28,49,54,55].
The practice of selling antimicrobials and antibiotics without prescription can be related to weak
regulation of antimicrobial sales and use in such countries. Finally, veterinary professionals have
relied on personal experience, peers, laboratory sensitivity test results, ease of administration and
availability of a given type of antimicrobial [28,56]. Poor or weak regulation makes access to
antimicrobials easy to all those in need hence the feel by professionals/animal health service
providers on lack of mandatory need to prescribe.

3.3. University, Research and One Health Partners

We observed high levels of knowledge, understanding and description of AMR among the One
Health practitioners and partners. These levels make sense as a majority have been in practice for
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over 15 years, have post graduate educations, have good level of knowledge of antimicrobials and
practice stewardship of antimicrobials. Their responses, which were influenced by their individual
perceptions and exposure, were positive in mitigating antimicrobials and their concerns were apt.
These individuals can become facilitators of good practices and training on antimicrobial stewardship
among producers, consumers, and at various levels of government regulators. The awareness
surveys not only provide further information regarding the concerns of various players, but it also
aids in increasing awareness towards AMR hence implementing the national action plans. AMR
being an all-inclusive issue which affects animals, humans and environment will have its impact felt
by various stakeholders hence the need for all-inclusive approach in handling it, as envisaged in
various action plans [15,28,44,54].

These categories of professionals have also undergone many trainings, with inclusion of AMU
and AMR related subjects, and inclusion in curriculums taught in the institutions, especially
microbiology, public health, and AMR short courses. Research primarily covered areas of food safety,
antimicrobial surveillance, AMR mechanisms and outcomes in populations and environment.

This work is subject to certain limitations hence, it should be interpreted thoughtfully for this
reason. Firstly, the study is reporting perspectives, knowledge and attitudes of various groups where
even though careful consideration was taken to ensure a wider sample size, bias might have been
introduced. In addition, since this is descriptive cross-sectional design, factors associated with
knowledge, attitude, perspectives, and practice of the participants were not independently
established or looked at.

4. Materials and Methods

4.1. Survey Design

A cross-sectional survey was carried out in August 2021 where livestock farmers, animal health
service providers and One Health practitioners were respondents.

4.2. Sample Size Determinations

To get the minimum number of farmers to be enrolled for the survey, Cochran formula was used
with expected favorable attitude and practices set at 50% and 5% margin of error. The sample size for
farmers was 384. Animal health service providers were enrolled nationwide, by sharing of data
collection tool through emails and social media platforms where membership are animal health
service providers. One Health practitioners were enrolled based on their position and role at various
institutions implementing One Health. Such institutions were those doing research, training,
diagnostics, government departments of health and animal health and government regulatory
bodies. Persons in charge of One Health activities at the institutions were enrolled into the survey.

4.3. Survey Population

The survey was conducted among 381 livestock farmers, 47 animal health service providers, 32
One Health practitioners. Farmers considered for the study are those consenting and must have been
practicing livestock farming in the respective county for atleast one year, while animal health service
providers who consented to take part in the study were enrolled. One Health practitioners from
identified institutions and were heads of the One Health related activities or their assigned
replacements were included in the survey.

4.4. Survey Procedure

Farmers were enrolled three counties in Kenya, while considering counties regarded as largely
small scale, large scale, and pastoralist regarding livestock farming practices. Busia, Nakuru and
Isiolo counties were purposively picked to represent the three categories respectively. The sample
size for farmers was divided equally in the three counties giving a minimum sample size of 128 per
county. In each county, one sub county was selected randomly for the survey. Central locations were
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established in the sub county with help from sub county veterinary officer, which was considered
starting point for the enrollment of the farmer participants. The central locations were office of the
sub county veterinary offices, shopping centers, livestock auction yards, chief’s office or local
administrator’s office and livestock watering points. Four starting points were identified at the sub
county, in which 32 farmers were targeted. From the starting point, the first farmer household directly
Infront of main entrance was enrolled, and enumerators continue on possible straight line while
skipping 10 farmer households until the sample size for the starting point was reached.

Contacts for animal health service providers were obtained from Kenya veterinary board
published 2021 register where email addresses and phone numbers were captured. Data collection
tool was shared to respondents through email addresses and link created which was sent through
social media platforms including group email platforms and WhatsApp and Facebook social
platforms. Contacts and Email addresses of office holders of One Health practitioners were sought,
and data collection tool shared.

A set of three questionnaires were developed and validated at Food and Agriculture
Organization of the United Nations (FAO) for each category of participants. The questions were
digitized and placed on an online platform, and links to the digitized questionnaires were shared
with participants through direct emails, social media access, and mailing groups. In some instances,
the questionnaires were administered through direct phone calls for individuals without access to
the online platforms. Data from farmers were collected by trained enumerators drawn from the
respective office of the county director of veterinary services through a face-to-face interview. All the
responses were captured in the regional digital data collection tool developed by FAO. Data was
downloaded into Microsoft Excel spreadsheet for cleaning and coding. Analysis was done using MS
excel and Epi Info software. Descriptive statistics were performed by calculating frequencies and
proportions in percentages. Analysis was also conducted to assess how demographic factors, farming
systems influence knowledge, attitude and practices with significant factors having p=<0.05.

The participants taken through informed consent, before questionnaire was administered. This
work was part of an approved workplan under the Fleming fund project under FAO/Government of
the Republic of Kenya cooperative agreement (GCP/GLO/710/UK), and it is within the mandate of
the Ministry of Agriculture and Livestock Development (MoALD), Kenya.

5. Conclusions

In the present study, farmers mostly rely on agro-veterinary shop service providers for
information and choice of antimicrobial/antibiotic to buy. However, AHSP are the least common
source of information to farmers regarding AMR with farmers expressing poor knowledge of AMR.
Most farmers and animal health providers did not keep records on antimicrobials prescribed and/or
used. AHSP prescribed antimicrobials mostly for treatment of FMD in cattle and Newcastle disease
in chicken. It is possible that this was done to control possible secondary bacterial infections however
both diseases are viral and vaccine preventable.

To promote good AMU practices, AHSP service providers should be at the forefront creating
awareness to farmers on the dangers of AMR. ASHP should also advise farmers on vaccinating their
animals among other preventive measures to reduce the need for antimicrobials for preventable
diseases.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, Table S1: Livestock kept, and Crops grown by the farmers and diseases observed in the
farm in the last one year.
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