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Abstract

Background

There is paucity of information on antibiotics utilization amongst farmers, factors associated
with administration of antibiotics and farmers’ knowledge of the effects of antibiotics on the
soil ecosystem in Ghana.

Methods

A cross sectional quantitative survey across three coastal regions of Ghana was undertaken
amongst poultry and livestock farmers. Six hundred respondents were selected from five
districts each across the three regions. Pretested and structured questionnaire were used to
collect data through face to face interview. Data were summarized using descriptive statis-
tics and regression analysis. Factors associated with antibiotic administration were deter-
mined using binary multiple logistic regression at p < 0.05.

Results

Out of the 600 farmers, 95% administered antibiotics and 84% bought antibiotics over-the-
counter without prescription. Approximately 9% of antibiotic administration was carried out
by veterinary officers, and the remaining, 91% based on farmer’s experience. Approximately
93% had access to antibiotics without any difficulty. Withdrawal period was always observed
by only 16% of farmers. Majority (74%) of farmers never had education on antibiotics and
none of the farmers screened manure for the antibiotic residuals. Years of farming, income
status, level of education of farmers, type of animal kept, access to extension services, reg-
istration with farmers’ association, employing veterinary services, location of farm, system
of production, education on antibiotics and access to antibiotics positively and significantly
predicted the administration of antibiotics by farmers. Majority of farmers had inadequate
knowledge of the effects of antibiotics on soil ecosystem with mean score ranging between
2.87+0.60 and 2.98 + 0.7 on a scale of 5.0.
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Conclusion

The study exposed the poor practices regarding antibiotic use and also inadequate knowl-
edge on its effect on the soil ecosystem amongst farmers in Ghana. This calls for develop-
ment of strategies to increase awareness on antibiotics because its misuse can negatively
impact human, animals, environment and impact food security.

Background

Antibiotic use is widespread not only in the general population but also in the agricultural
industry for crop and animal production. Substantial evidence exists on successful use of wide
range of these antibiotics in farm animals for metaphylaxis, prophylaxis and growth promo-
tion [1, 2, 3]. This results in the production of healthy meat from livestock, by virtue of
increase in infection prevention and outbreaks as well as growth promotion. Antibiotics have
also been indispensable for crop production, having been used in this sector for more than 50
years in the United States [4]. Consequently, significant residues of veterinary antibiotics have
been reported in crop field and harvested crops [5, 6].

In the pig, dairy and poultry industries, antibiotics are used extensively, as component of
their feeding and routine management practices globally, either to prevent diseases or stimu-
late growth [7, 8]. The manure, from these animals has been reported to contain residuals of
antibiotics fed to them [9, 10]. Due to the transition of antibiotic through the animal body sys-
tems, there is a tendency of reduction in the lethal dose of the antibiotics that ends up in the
manure. Animal’s dropping and urine contain between 70%-90% of the antibiotic adminis-
tered unchanged or in active metabolites [11]. Subsequently, the antibiotics contained in the
manure would have low efficacy to kill bacteria they come in contact with, potentially predis-
posing the exposed bacteria to resistance gene development. In some instances, the manure
may also carry resistance genes [12, 13] which are introduced into farms when these manures
are applied as soil amendments. The emerged resistance genes and resistant bacteria are dis-
seminated directly through soils, ground and surface water, atmosphere, contaminated crops
to healthy animals and humans.

Over the years, growing concerns from the public and the scientific community have been
consistent in relation to the emergence and/or development of microbial resistance from expo-
sure to clinical and veterinary antibiotics. These are legitimate concerns because of the poten-
tial negative impact antibiotics could have on humans, soil health and subsequently food
security. A number of disease conditions have been reported in humans [14, 15], livestock and
plant that were traced to antimicrobial resistance genes. Besides, human exposure to these
resistant microbes and genes could result in human and animal mortality. It is estimated that
more than 2 million Americans are infected with antibiotic resistant bacteria annually, out of
which 23,000 died. About 10 million deaths have been predicted to occur as a result of expo-
sure to antibiotic resistance microbes [16]. Moreover, exposure to resistance microbes could
result in the loss of significant number of working days due to indisposition and time required
to treat infection. Additionally, the sick is burdened financially through the cost involved in
infection treatment. Control of plant diseases caused by resistance microbes could be difficult,
affecting yield and subsequently food security.

In soil, antibiotics could negatively impact soil health through its interaction with the
microbial community. It has been reported that antibiotics affect the overall population of soil
microorganisms [17, 18], enzyme activity [19, 20], carbon and nitrogen mineralization [21],
and competition with cations for exchange sites [22].
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In order to regulate antibiotic use, conserve its efficacy and reduce or prevent the develop-
ment of microbial selection in the environment and prevent disruption of soil biodiversity, the
World Health Organization (WHO) has suggested its use must be under supervision of
licensed veterinary officer and related health experts [23]. In addition, pragmatic efforts are
required by stakeholders both in medical practice and agriculture to ensure ‘best practices’
which include but not limited to, buying and dispensing of antibiotics under official prescrip-
tions, administration of antibiotics to animals at the oversight of veterinarian and observing
withdrawal periods.

Farmers are major stakeholders in antibiotic utilization, yet there is paucity of information
regarding the extent to which they utilize antibiotics and their characteristics that influence the
administration of antibiotics in Ghana. Few studies conducted have not ascertained farmers’
knowledge on what happens to soil ecosystem when antibiotics are applied to soil [24, 25].
This research was conducted to assess the extent of utilization and practices regarding antibiot-
ics amongst farmers. The second objective determined factors associated with the administra-
tion of antibiotics and the last, assessed farmers’ knowledge of the effects of antibiotics on the
soil ecosystem. The findings of our study could be incorporated into intervention protocols
that seek to educate farmers and the public regarding antibiotics.

Materials and methods
Study design, setting and participants

A cross sectional method was adopted for the study between September, 2018 and April, 2019
in three Coastal regions of Ghana; Volta, Central and Greater Accra. Farmers in those regions
are greatly involved in the raising of poultry, pigs and diary yet there is limited information on
their antibiotics utilization. The three regions have 25 (Volta), 20 (Central) and 26 (Greater
Accra) districts and have farmers who are greatly involved in poultry and livestock production
(personal communication with District Directors of the Ministry of Food and Agriculture). The
directors opined that poultry and livestock are a major part of Ghanaian traditional meals serv-
ing the protein needs in most household diets hence their production is increasing each day.
The manure is used as fertilizers for crop production [26] probably because they come at no
cost to the farmer and are readily available in most farms where poultry and livestock are raised.

Sampling

The study employed multistage sampling technique. Five districts from each region (Fig 1)
were randomly selected for the study employing the lottery approach. The names of the dis-
tricts were written on pieces of paper, placed in a container and drawn one at a time until five
districts each were selected. The lottery approach ensured all the districts had equal chance of
being drawn for the study. Within each selected district, farmers who raised poultry, pigs and
cattle and, where manure droppings from these farms are utilized as fertilizers for crop pro-
duction, met the inclusive criteria for the study.

Farmers who met the criteria were listed to participate in the study. A total of 702 farmers
were listed but only 600, representing 85%, agreed to enroll on the study. The 15% who could
not participate was due to time unavailability, accessibility to farms and small farm sizes.
Quantitative survey of 600 farmers who agreed to participate in the study were undertaken.

Data collection

An initial meeting was scheduled with the farmers who met the eligibility criteria. A total of six
data collectors and two supervisors were trained to assist in data collection. The training
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Fig 1. Map of Ghana showing study regions (Central, Volta and Greater Accra regions) and name of sample districts.

https://doi.org/10.1371/journal.pone.0228777.9001

provided the data collection assistants information on: aim of the study, reasons for confi-

dentiality of respondent’s information, rights of respondents and data collection procedure.
Data collection was done using a pretested and structured questionnaire. The questionnaire

had three sections based on the objectives of the study. The sections included; farmers’ socio

demographic features and other farm characteristics, practices regarding antibiotics utilization

and knowledge of farmers on the effects of antibiotics on the soil ecosystem. Variables about
farmers and farm characteristics captured were: sex, age, years of farming, level of education,
income, type of animal kept, location of farm, system of production. The second section solic-
ited information on whether farmers had ever administered antibiotics. Farmers who
responded in the affirmative were interrogated on where they bought the antibiotics, who

administered the antibiotics, whether dosage administered was recommended or it was based

on farmers’ experience and reasons of given antibiotics to their animals. Other farmer’s char-
acteristics interrogated were: access to extension services, access to veterinary services, access
to antibiotics, education on antibiotics, observation of withdrawal periods and screening of
manure for antibiotics presence and quantity. The last section solicited information on the
knowledge of farmers regarding the effect of antibiotics on soil ecosystem. The section had
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seven items and responses were on a five point Likert scale in a continuum from “not sure” to
“strongly agree’ coded as 1 = strongly disagree, 2 = disagree, 3 = not sure, 4 = agree and

5 = strongly agree. The items were; ‘substantial quantity of antibiotic given to animals end up
in manure’, ‘antibiotics compete with other soil cations/anions for exchange site’, “antibiotics
cause the death/inhibit growth of microbial groups involved in ecosystem functions’, ‘antibiot-
ics influence nutrients transformation; decrease nitrification in N cycle’, ‘antibiotics cause
decrease in bacteria/fungi ratio in soil’, ‘antibiotic resistance genes (ARGs) in soil increase the
likelihood of human pathogens acquiring resistance’, and ‘antibiotics decrease soil
respiration’.

Prior to data collection, the questionnaire was piloted on 15 farmers, which prompted some
minor modification to suit the research objectives. Data were collected by explaining the ques-
tionnaire to the respondents in English. However, the dominant native language “Twi” and
‘Ewe” were used where farmers had no formal education or could not read and write.

Data analysis

Descriptive statistics including mean and standard deviation as well as inferential statistics was
employed to summarize the data. Chi square association between set of explanatory variables
(farm and farmer’s characteristics) and the dependent variable (antibiotic administration) was
established at 95% confidence interval. Additionally, Cramer’s V was used to determine the
magnitude of association between variables. Variables that had a significant positive relation-
ship analyzed using Chi square, were considered in a binary multiple logistic regression to
establish the relative crude and adjusted odd ratios at 95% confidence interval. Multicollinear-
ity among independent variables was checked using variance inflation factor (VIF) and good-
ness of fit by Hosmer and Lemeshow respectively. Mean score rating for knowledge of farmers
was done with the following interpretation; 1.0-1.9 = ‘very poor knowledge’, 2.0-2.9 = ‘poor
knowledge’, 3.0-3.9 = ‘good knowledge’, > 3.9 = ‘very good knowledge’. The mean rating was
translated from the mean analysis of the five point Likert scale used to determine the extent of
farmers’ knowledge on antibiotic effects on soil ecosystem.

Ethical statement

The study was reviewed and approved by Authors, and an internal Research Board of the School
of Agriculture, University of Cape Coast. The aim of the study was explained to the participants
in their mother tongue. “Twi’ was used for participants from Central and Greater Accra regions
and ‘Ewe’ for those from Volta region for easy understanding since appreciable number of the
farmers could not read, write and comprehend the English language. Informed permission was
obtained from the respondents before questionnaires were administered and they were told that
their identification was not required. Furthermore, they were told they could opt out from the
study at any time. The consent was verbal due to the fact that their responses do not have any
personal, economic and or political ramifications. Moreover, no risk was identified to be associ-
ated with the responses that could endanger the lives of the participants. The confidentiality of
solicited information from the participants was ensured and access to answered questionnaire
was permitted after agreement was reached by the researchers.

Results
Farmers and farm characteristics

A total of 600 respondents enrolled on the study. Table 1 present farmers and farm characteris-
tics. Majority (71%) of the respondents were males and 29% were female. The age range was
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Table 1. Farmers and farm characteristics (N = 600).

Farm/Farm characteristics Categories Administered antibiotics Cramers V x> P value
F (%) Yes No

Sex 0.02 0.24 0.63

Male 427 (71.2) 403 24

Female 173 (28.8) 165 8

Age 0.05 1.60 0.21

< 30 years 117 (19.5) 108 9

30 years and more 483 (80.5) 460 23

Marital status 0.03 0.63 0.43

Married 413 (68.8) 393 20

Unmarried 187 (31.2) 175 12

Years of farming 0.12 9.15 <0.01

less than 10 years 342 (57.0) 332 10

10 years and above 258 (43) 236 22

Income status 0.10 6.02 0.01

High 120 (20.0) 119 1

Low 480 (80.0) 449 31

Level of education 0.09 5.33 0.02

Illiterate 185 (30.8) 181 4

Literate 415 (69.2) 387 28

Type of animal kept 0.12 8.76 <0.01

Poultry 421 (70.2) 406 15

Livestock 179 (29.8) 162 17

Access to extension services 0.09 5.84 0.02

Yes 399 (66.5) 384 15

No 201 (33.5) 184 17

Registered with farmers association 0.18 20.1 <0.001

Yes 358 (59.7) 351 7

No 242 (40.3) 217 25

Employed veterinary services 0.17 16.9 <0.001

Yes 210 (35.0) 188 22

No 390 (65.0) 380 10

Location of farm 0.19 21.9 <0.001

Urban 397 (66.2) 388 9

Rural/Peri Urban 203 (33.8) 180 23

System of production 0.25 37.04 <0.001

Controlled 432 (72.0) 424 8

Uncontrolled 168 (28.0) 144 24

Education on antibiotic effects 0.09 4.93 0.03

Yes 157 (26.2) 154 3

No 443 (73.8) 414 29

Access to antibiotics 0.11 6.82 0.09

Easy 557 (92.8) 531 26

Difficult 43 (7.2) 37 6

Frequency (F) and Percent (%) of participant’s responses, N = total number of respondents

https://doi.org/10.1371/journal.pone.0228777.t1001
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between 21 and 63 with majority (80.5%) greater than 30. About 69% were married, with the
rest unmarried. Slightly above half (57.0%) of the farmers had been in the animal rearing
enterprise for less than 10 years and 43% had worked in the industry for 10 years or more.
Most (80%) of the farmers were in the low income bracket and appreciable number (31%)
being illiterates. Of the 600 farmers’ majority (70%) raised poultry and the remaining were
into other livestock enterprise. Regarding access to extension services, 66.5% responded in the
affirmative of having access to extension services and about 60% of the 600 farmers had regis-
tered with farmers’ association. Approximately, 66.2% of the farmers were located in the urban
communities, whiles 33.8% were located in the rural/peri urban areas, respectively. Greater
percentage (72%) practiced controlled system, and the remaining 28%, used uncontrolled ani-
mal production systems. In addition, 35% indicated having had access to veterinary officers
with the majority (65%) never having access. On the issue of education on antibiotics, majority
representing 73.8% responded in the negative of been educated on antibiotics. Meanwhile,
higher percentage of 92.8% responded in the positive that access to antibiotics was easy.
Results of the study showed that sex, age and marital status of farmers were not associated with
antibiotics utilization. However, years of farming, income status, level of education, type of
animal kept, access to extension services, registration with farmer’s groups, access to veterinary
services, location of farm, system of production, education on antibiotics, and access to antibi-
otics showed significant relationship with antibiotic utilization. Cramer’s V results indicated
positive but weak relationship with antibiotic utilization.

Farmer’s practices involving antibiotic use

Table 2 show practices regarding utilization of antibiotics by farmers. Antibiotics was adminis-
tered by 94.7% of the 600 farmers with only few (5.3%) indicating otherwise. Majority (86.3%)
of farmers who gave antibiotics did that to prevent and treat diseases while 13.0% said it was
done to promote growth. On how farmers get access to antibiotics, the results showed that
majority (84.2%), bought it over-the-counter without prescription, 10.0% bought with veteri-
nary prescription and 3.9% from agro dealers without prescription and 1.9% from colleague
farmers without prescription.

Only 8.5% of antibiotic administration was carried out by veterinary officers whilst, 65.3%
was done by farm workers, and 23.2% by farm managers. Regarding dosage of antibiotics,
79.0% indicated they administered based on experience, 12.9% administered veterinary pre-
scribed dosage, and 8.1% administered based on the advice from colleague farmers. Majority
(90.7%) claimed they administered antibiotics as a routine practice at the farm. Of the 210
farmers who said they employed the services of veterinarian, few (11.9%) did it once in every
month, 21.4% accessed between one and six months and 66.7% employed veterinary once in 6
months or more. The results of the study also showed that withdrawal period following antibi-
otic administration was always observed by 16.4%, and 27.6%, sometimes do it and the
remaining 56.0% never observed the period. Our study found that none of the farmers
screened manure for the presence of antibiotics.

Determinants of antibiotic administration

Farmers profile, their farm characteristics and other factors that predicted the administration
of antibiotics are shown in Table 3.

Our study showed that farmers with more than 10 years of farming experience were more
likely (AOR = 2.89; 95% CI, 1.36-6.74) than 10 years and less, to administer antibiotics. Then
again farmers in high income bracket were highly likely (AOR = 9.10; 95% CI, 1.14-34.16) to
administer antibiotics compared with farmers in the low income bracket. Level of education
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Table 2. Practices regarding antibiotics utilization amongst farmers.

Administration of antibiotics (N = 600) Frequency %
Yes 568.0 94.7
Where do you buy the antibiotics? (N = 568)

Purchased with veterinary prescription 57.0 10.0
Purchased over the counter without prescription 478.0 84.2
Colleague farmer without prescription 11.0 1.9
Agro dealer without prescription 22.0 3.9
Who administered antibiotics (N = 568)

Veterinary officer 48.0 8.5
Farm manager 132.0 23.2
Farm workers based on experience 371.0 65.3
Designated colleague farmer 17.0 3.0
Dosage administered (N = 568)

Veterinary recommended dosage 73.0 12.9
Based on experience 449.0 79.0
Recommended by colleague farmers 46.0 8.1

When is antibiotic administered? (N = 568)

Anytime animal is sick only 40.0 7.0
Farm routine practice only 13.0 23
Anytime animal is sick/ Farm routine practice 515.0 90.7

Reason for antibiotic use (N = 568)

Prevent and treat infection 490.0 86.3
Promote growth 74.0 13.0
Prophylaxis 4 0.7
How often do you access veterinary services (N = 210)

Once a month 25 11.9
1-6 months 45 214
Once in 6 months or more 140 66.7
Withdrawal period (N = 568)

Always 93.0 16.4
Sometimes 157.0 27.6
Never 318.0 56
Screening of manure for antibiotics presence and quantity (N = 568)

No 568.0 100.0

N represents total number

https://doi.org/10.1371/journal.pone.0228777.1002

was shown to be a significant predictor of antibiotic administration with literate farmers highly
likely (AOR = 4.25; 95% CI, 2.29-10.3) than illiterates in administering antibiotics. Type of
animal kept was found to be significantly and positively related with antibiotic administration.

Farmers in the poultry industry were more likely (AOR = 2.67; 95% CI, 1.01-5.86) than
other livestock farmers in administering antibiotics.

The study also revealed that farmers’ who have access to extension services have higher like-
lihood (AOR = 24.20; 95% CI, 7.40-79.5) than their counterparts in administering antibiotics.
The results also show that registered farmers had higher odds (AOR = 4.55; 95% CI, 1.24-9.62)
and therefore likely to give antibiotics to the animals. Our study showed that farmers who had
access to veterinary services have higher odds (AOR = 3.70; 95% CI, 1.67-9.55) and likely to
administer antibiotics compared with farmers who do not have access.
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Table 3. Determinants of antibiotic administration (N = 600).

Years of farming

Income status®

Level of education

Type of animal kept

Access to extension services
Registered with farmers association
Access to veterinary services
Location of farm

System of production”

Education on antibiotic effects

Access to antibiotics

Categories Administered Crude Adjusted

antibiotics

Yes No OR 95% CI OR 95% CI
less than 10 years 332 10 3.10 1.44-6.66 2.89 1.36-6.74
10 years and above 236 22 1 1
High 119 1 8.22 1.11-60.8 9.10 1.14-4.16
Low 449 31 1 1
Illiterate 181 4 1 1
Literate 387 28 3.27 1.13-9.47 4.06 2.29-10.3
Poultry 406 15 2.84 1.39-5.82 2.67 1.01-5.86
Livestock 162 17 1 1
Yes 384 15 2.37 1.16-4.84 24.20 7.40-79.5
No 184 17 1 1
Yes 351 7 5.78 2.46-13.58 4.55 1.24-9.62
No 217 25 1 1
Yes 188 22 1
No 380 10 4.45 2.06-9.58 3.70 1.67-9.55
Urban 388 9 5.51 2.50-12.20 2.12 1.13-5.76
Rural 180 23 1 1
Controlled 424 8 8.83 3.88-20.10 4.12 1.19-8.94
Uncontrolled 144 24 1 1
Yes 154 3 3.59 1.08-11.97 3.58 1.02-12.1
No 414 29 1 1
Easy 531 26 3.31 1.24-8.192 2.53 1.07-8.53
Difficult 37 6 1 1

* income status; farmer’s annual income less than GH(5,786 (low income) and greater than GH(5,786 (high income)

® production systems; where animals are confined to their housing permanently (controlled), or they are managed in a free range (uncontrolled).

¢ Education on antibiotics could be formal, informal and non-formal.

https://doi.org/10.1371/journal.pone.0228777.t1003

Farm location was a significant predictor where urban farms were highly likely
(AOR =2.12;95% CI, 1.13-5.76) than rural farmers in administering antibiotics. Farmers
practicing controlled production systems were more likely (AOR = 4.12, 95% CI, 1.19-8.94) to
administer antibiotic than farmers in uncontrolled production system.

Farmers who had education on antibiotic effects are 260% times (AOR = 3.58 95% CI,
1.02-12.1) likely than those who had no education on antibiotics effect, to administer antibiot-
ics. Farmers who had easy access to antibiotics were highly likely (AOR = 2.53; 95% CI, 1.07-
8.53) to administer antibiotics when compared with those who had it with difficulty.

Knowledge of farmers regarding antibiotics effect on soil ecosystem

Farmers knowledge regarding effects of antibiotics on different properties and processes of
soil were inadequate with mean score ranging from 2.87 + 0.60 and 2.98 + 0.7 on a scale of 5.0
(Table 4), an indication that majority had inadequate knowledge of the effects of antibiotics on
soil ecosystem. The lowest mean score (2.87 + 0.60) was recorded for the statement ‘antibiotics
cause the death/inhibit growth of microbial groups involved in ecosystem functions’.

Similarly, mean of 2.91 + 0.55 was obtained for ‘substantial quantity of antibiotic given to
animals end up in manure’.
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Table 4. Knowledge of farmers regarding antibiotics effect on soil ecosystem.

Statement
Substantial quantity of antibiotic given to animals end up in manure
Antibiotics compete with other soil cations/anions for exchange site

Antibiotics cause the death/inhibit growth of microbial groups involved
in ecosystem functions

Antibiotics influence nutrients transformation; decrease nitrification in
N cycle

Antibiotics cause decrease in bacteria/fungi ratio in soil

ARGs in soil increase the likelihood of human pathogens acquiring
resistance

Antibiotics decrease soil respiration

Frequency and percent of participant response [number in bracket indicates percent (%)], mean score represent responses of farmers on a five point likert scale.

https://doi.org/10.1371/journal.pone.0228777.t1004

Strongly
Disagree
28 (4.70)
23(3.83)
15 (2.50)
33 (5.50)
13 (2.17)

17 (2.83)

44 (7.33)

Disagree

32 (5.30)

41 (6.83)

8 (1.33)

21 (3.50)

12 (2.00)

13 (2.17)

15 (2.50)

Not sure

510
(85.00)
516
(86.00)
563
(93.83)
492
(82.00)
557
(92.83)
561
(93.50)
521
(86.83)

Agree | Strongly
Agree

25 5(0.80)
(4.20)

6(1.00) | 14 (2.33)
12 2(0.33)
(2.00)

36 18 (3.00)
(6.00)

11 7 (1.17)
(1.83)

7(1.17) | 2(0.33)

17 3(0.50)
(2.83)

Mean + Standard

Deviation
2.91+0.55

2.91+£0.56

2.96+0.38

2.98+0.7

2.98+0.41

2.94+0.40

2.87+0.60

Moreso, mean score of (2.91+0.56), indicating inadequate knowledge was recorded for
‘antibiotics compete with other soil cations/anions for exchange site’. Similarly, mean score
(2.94 + 0.40), indicating inadequate knowledge, was obtained for the statement ‘ARGs in soil
increase the likelihood of human pathogens acquiring resistance’.

Farmers’ knowledge on whether ‘antibiotics cause the death/inhibit growth of microbial

groups involved in ecosystem functions’ scored a mean of 2.96 + 0.38. Antibiotics cause

decrease in bacteria/fungi ratio in soil and farmer’s mean knowledge score was 2.98 + 0.41.
Similarly, when farmers were asked to affirm if antibiotics influence nutrients transforma-

tion; decrease nitrification in N cycle, few responded in the affirmative with mean of

298 £0.7.

Discussion

Successful use of antibiotics in the agriculture sector for disease prevention, treatment and
growth promotion have been reported [1, 2]. Regardless, about 75-80, 50-90, and 60% of the
doses of tetracyclines, erythromycin, and lincomycin, respectively, are expelled in the urine
and manure [27, 28]. There is however, paucity of information on the extent of use and prac-
tices regarding antibiotic administration and whether the administration of these antibiotics
are associated with the farmers’ characteristics. Most importantly, the knowledge of farmers
on the effect of these antibiotic on soil ecosystem remains a hypothesis in Ghana.
Practices of farmers on antibiotics utilization, showed that the purchase of antibiotics over-
the-counter and without prescription was prevalent amongst farmers in the study area. This
was consistent with assertions that antibiotics can easily be bought without prescription in
some developing countries [29]. Even if there is prescription, it is usually invalid or issued by
unlicensed veterinarians [29]. The situation is worse in Ghana because there are no antibiotic
regulations for animals [30] which could have ensured antibiotics are dispensed with prescrip-
tion given by a veterinarian. Buying antibiotics without prescription might result in over pre-
scription, under prescription, buying substandard antibiotics, inappropriate administration
practices including non-adherence to interdose interval, and failure to administer the right
antibiotics, right dosage for a specific target pathogen. In Ghana, the involvement of veterinary
services in visiting farms and administering their duties which include antibiotic utilization is
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very low [31] and can be attributed to low numbers of veterinarian. A ratio of 10,000 to 16,000
poultry and livestock farmers per veterinarian [32] have been reported. The high ratio results
in farm managers and workers relying on experience often associated with familiarity with
symptoms of the disease, to purchase and administer antibiotics. These occurrences could lead
to the abuse of antibiotics and consequently serve as a catalyst for antibiotic gene resistance
development and spread. Wrong diagnoses could also expose healthy animals to avoidable
antibiotics intake predisposing commensal microbes to resistant development over time [33,
34]. One recommended healthy practice of antibiotic utilization is by observing withdrawal
period following antibiotic administration. This was virtually absent which implies that reten-
tion of antibiotics in the meat and residues in the manure is unavoidable.

Our study also revealed that, none of the farmers ever screened their manure for antibiotic
residue. A number of studies have reported substantial quantities of antibiotic in manure [9,
10] posing a threat to the environment. Manure is a major soil nutrient source for farmers in
Ghana and it is obvious that farmers might have introduced antibiotic into the environment
through the application of manure to agricultural field.

A number of factors were also found to influence the administration of antibiotics which
included farmers’ characteristics and related variables. It was evident that as years of farming
increased, farmer’s experiences with new technologies also increased [35]. This is an indication
that the exposure of old farmers to negative effect of antibiotics might have influenced their
decision not to give antibiotics to their animals. It has been espoused that most old farmers
believe in their own experienced and get little involved in new technologies [35]. In contrast,
young farmers in their quest to succeed and due to their inexperience with disease manage-
ment may heavily depend on antibiotics unlike the aged who may employ integrated manage-
ment which seeks minimal antibiotic inputs.

It is imperative that the provision of education to farmers would help their analysis of infor-
mation and enhance their knowledge from reading labels and other sources of information. It
would ensure administration of appropriate antibiotics for a specific disease condition, ensure
precision in dosage and observation of withdrawal period. From our study, appreciable num-
ber of farmers could not read and write and therefore may be handicapped in processing and
analyzing information on antibiotics. This consequently, results in inappropriate handling and
administration of the antibiotics [32]. Farmers income was an important variable that influ-
enced administration of antibiotics to farmers. The income level of farmers affects what they
can afford, therefore increased use of antibiotics amongst farmers is associated with their
affordability within the high income earners.

Furthermore, other variables such as the extent of susceptibility of the type of animal to
infection had association with antibiotic administration. It has been reported that poultry are
associated with higher infections from Salmonella species and Escherichia. coli [36] and this
explains why majority of farmers raising poultry used antibiotics. It is evident that increased
access to extension services has direct relationship with antibiotics administration to animals.
Farmers exposed to extension services may have been provided with education and training
on the need to use prescribed antibiotics [37].

Similarly, veterinary officers have key roles in the poultry and livestock sector and this
include but not limited to educating and training of farmers on best practices including diag-
nosing disease conditions of the animals, prescribing and administration of drugs. The expo-
sure of farmers to these veterinarians enhances farmers’ knowledge and acceptance to give
antibiotics to their animals. Empirically, the location of the farm has a bearing on antibiotic
administration such that rural farmers may be less privileged in terms of unavailability of
appropriate antibiotics, veterinarians, high cost. Moreover, most rural farmers might not have
the financial strength to travel to urban centers to purchase the antibiotics. The counterparts
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in the urban setting are advantaged in accessing information on antibiotics, easy access to anti-
biotics, technical support and availability of veterinarians.

Characteristically, most of our farmers did not belong to farmers’ groups. Belonging to
farmers’ association helps to access interventions which include education on products needed
to facilitate farm operations and enhance productivity. The association also promotes internal
learning where farmers learn from each other [38]. In other instances, farmers invite key stake-
holders, such as veterinary officers to provide technical advice on the diagnosis and treatment
of animal diseases. Through these training farmers are able to learn to treat their own sick ani-
mals or consult other farmers who are experienced, cutting down cost involved in engaging
veterinary doctor.

Where animals are kept in a controlled system, farmers gave antibiotics more than farmers
in uncontrolled (free range) production system did. These could be as a result of the routine
practice of antibiotic administration usually through feed or water given to the animals, usually
in the intensive system. Unlike the intensive system, animals raised under free range system
has disadvantage of not been fed regularly with antibiotic laden feed or water, so could be sus-
ceptible to disease pathogens acquired as they move from one location to the other.

Education of farmers regarding antibiotics could be pivotal in influencing farmers’ decision
to administer antibiotics. Less education means, farmers are bereft of information on antibiot-
ics, hence there is likelihood of compromised practices. Education on antibiotics could come
in the form of seminars, workshops and farm visits to increase the understanding of farmers
on antibiotics, expose farmers to handling, administering and observation of withdrawal
period. Our study corroborates other assertions that access to antibiotics was easy [39] in most
developing countries which has the propensity to increase antibiotic administration. It would
interest the scientific world to know that in some of these developing countries including
Ghana, antibiotics are sold without need to go through checks, such as official prescription
from a veterinarian. This calls for stringent measures to regulate the supply, purchasing and
use of antibiotic in Ghana.

A major source of plant nutrient is manure, but have been found to contain substantial
amounts of antibiotic residues [40, 41, 42]. However, the knowledge of stakeholders especially
farmers on the possible effect on the soil ecosystem has received little attention. Several studies
have indicated negative interaction of antibiotic contaminated manure on the soil ecosystem
[8, 43] hence it will be plausible to increase the farmers’ knowledge in this regard. Adequate
knowledge on antibiotics will inform and shape the practices of farmers regarding antibiotics,
consequently reducing risk to human and soil ecosystem. Our study, revealed that farmers
were bereft of knowledge regarding antibiotic effect on soil properties and processes. Some
effects for which farmers showed inadequate knowledge were; substantial quantity of antibiotic
given to animals end up in manure [9, 10], antibiotics cause the death/inhibit growth of micro-
bial groups involved in ecosystem functions [44], antibiotics affect bacteria/fungi ratio in soil
[8], high antibiotic rate decrease soil respiration/catabolism’ [45], high antibiotic rate influence
nutrients transformation and decrease nitrification in nitrogen cycle [21], Other effects con-
sidered with inadequate knowledge were; antibiotics compete with other soil cations/anions
for exchange site [22, 46], which could lead to enhanced mobility and possible leaching of
essential soil macro nutrients such as Mg2+ and Ca?*, increase ARGs in soil [12, 13]. The low
level of knowledge on the effect of antibiotic laden manure will perpetuate resistance develop-
ment and negatively influence soil quality and food security.

It is important to note that our research did have limitations. This study sampled respon-
dents from five districts each from the regions with assumption that; the selected districts were
amongst leading poultry and livestock producers. This might have resulted in leaving out pos-
sible districts with high level of production. Although this couldn’t compromise our findings
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due to the census method used. Moreover, to be able to get the true reflection of the phenom-
ena under investigation, the study used census method to ensure data is captured from all
farmers who raised birds and livestock. Generalizing the findings of our study to reflect the
state of antibiotic utilization and knowledge of farmers regarding antibiotics effects on soil in
Ghana, is valid. However, regions in Northern Ghana where farmers are mostly into diary pro-
duction and reduced poultry could report contrasting findings compared with our findings.
This calls for research study in Northern Ghana. Irrespective of the limitations, our study, the
first of its kind in Ghana was able reveal the knowledge of farmers regarding antibiotic effects
on soil ecosystem, is an important finding to aid in policy directions for antibiotic deployment
in the animal production sector and use of manure for soil fertility management.

Conclusion

In conclusion, our study revealed high and indiscriminate utilization of antibiotics amongst
animal producers in Ghana. It also exposed the poor practices regarding antibiotic use and the
inadequate knowledge regarding its effect on soil ecosystem amongst farmers in Ghana. This
calls for development of strategies to increase awareness on antibiotics amongst farmers
because its misuse can negatively impact human, animals, environment and food security. We
also suggest a collaboration between Ghana Health Service, Food and Drugs Authority and
Ministry of Food and Agriculture to draft and implement regulations to guide the use of anti-
biotics at the farm gate.

Supporting information
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(PDF)
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