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Antimicrobial resistance due to the irrational and non-sustainable use of antimicrobials poses
a serious threat to animal health, human health and urban food security. This study aimed to
access the knowledge and perceptions of dairy farmers regarding antimicrobial use and
misuse in Lahore, Pakistan. This is the first study regarding antibiotic misuse in Lahore,
Pakistan. A random sample of 270 dairy farmers from urban and suburban areas of Lahore
participated in an interview-based survey conducted in 2019-20. The results were analyzed
using SPSS version 16. About 22% of farmers do not consult a veterinarian, 32.9% do not
follow correct dosage instructions and 39% discontinue treatment once the disease signs
subside. Moreover, 40% of farmers were unaware of the dangers of misusing antibiotics and
admitted to saving leftover antibiotics for future use. Alarmingly, over 20.7% of respondents
share antibiotics with friends/farmers and 43% sought advice from non-veterinarian sources.
Furthermore, 90% of farmers perceived self-medication as more economical than consulting
a veterinarian. Dairy farmers have a wrong perception of antibiotic efficacy, use, expertise of
veterinarians and cost of antibiotics. The absence of a food policy and lack of antibiotic use
guidance is a serious gap in Pakistan. Antibiotic dispensing laws need to be developed and
strictly implemented. Awareness campaigns need to be launched so that farmers get
knowledge regarding the uses, overuse and misuse of antibiotics. A holistic approach is
essential to address the potential food security crisis caused by non-sustainable farming
practices. Policymakers must take action to bridge the gap in the Pakistani food supply chain
and promote the sustainable use of antimicrobials/antibiotics.
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Introduction

ood security’ is defined by FAO as: “the availability at all

times of adequate, nourishing, diverse, balanced and

moderate world food supplies of basic foodstuffs to sustain
a steady expansion of food consumption and to offset fluctuations
in production and prices” (FAO 2003). The concept of food
security is based on four dimensions: (1) the availability of food,
which is linked with supply chain activities; (2) the utilization of
food, which is linked with safety and nutritional value; (3) access
to food, this linked with economic and social affordability; (4)
stability of food, this linked to resilience of food system (Smith
and Floro 2020). In Pakistan, 224 point of food security i.e. safety
and nutrition is not much discussed/emphasized. Generally the
public is more concerned about the quantity of food (point 1) and
for them, quality is the secondary issue. The same scenario is also
applicable to the dairy industry in Pakistan. The use of uncon-
trolled antimicrobials/antibiotics in dairy farms is quite prevalent,
and it is creating food security and non-sustainability issues
(Hasnain 2020). Von Boeckela et al. (2015) recommended the call
for action to improve antibiotic efficacy and simultaneously
safeguard food security in lower-middle and low-income
countries.

Antimicrobials are widely used for the prevention and treat-
ment of infectious diseases, but some are also used as supple-
ments to stimulate growth in livestock (Carvalho and Santos
2016). They are generally considered pseudo-persistent com-
pounds due to their constant input and consistent presence in the
environment (Boeckel 2018). The discovery of penicillin (in 1928)
unleashed the era of antibiotic development and innovation.
Antimicrobials are not only used for the treatment of diseases in
humans but are also being used widely in aquaculture and animal
husbandry (Kalunke et al. 2018). Major sources of antibiotics in
our ecosystem include sewage effluents, aquaculture production,
agricultural runoff, and veterinary drug usage (Biel-Maeso et al.
2018; Pan and Chu 2017). Their presence in the environment
becomes problematic when antibiotic resistance is developed
among microbes due to excessive use (Martinez et al. 2015). In a
developing world, antibiotics are among the most commonly
used/purchased drugs, due to the prevalence of infectious dis-
eases. Overuse of antibiotics significantly influences therapeutic
practices, economic state, and physical well-being of the general
public (Gebeyehu et al. 2015).

Pressure from farmers (end-users of antibiotics) strongly
influences the prescription behavior of veterinarians (McDougall
et al. 2017). The unwillingness of farmers to stick to veterinarians’
advice leads to increased antibacterial use. Therefore, veterinar-
ians must adopt a less directive and more mutual approach to
deal with farmers for better antimicrobial practices. Educating
farmers about antimicrobial dangers and setting the limit of
antimicrobial residue for food products is the need of the hour, to
combat the problem (Bard et al. 2017).

The effectiveness of the “rational use of antibiotics by farmers”
pivots on its capability to simultaneously engage all the stake-
holders, including farmers, peers, veterinarians, medicine com-
panies, marketing companies, drug inspectors, and policymakers.
If any of these groups are left disengaged, the rational use of
antibiotics is compromised. Farmers” knowledge and perception
regarding antibiotic use and misuse are very critical in rational
use. To promote this rational use, a successful plan must be able
to compel farmers, like through awareness and veterinarian
advice. It should also restructure public policy with more
emphasis on updating the knowledge of farmers and changing
their attitudes. The theory of change outlined here seeks to
combat antimicrobial resistance in Lahore’s dairy farming sector
by addressing knowledge gaps among farmers. This may be
achieved by implementing policies, and regulations, promoting
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sustainable farming practices and through awareness campaigns.
This multifaceted approach aims to mitigate the risks associated
with the irrational use of antimicrobials and ensure a more secure
food supply chain. Figure 1 provides a visual representation of the
theory of change behind the dairy farmer’s awareness level and
the role of stakeholders (Reddy 2018).

The majority of published studies on self-medication and
antibiotic resistance are focused on hospitals (Giannitsioti et al.
2016), universities (Ayepola et al. 2018), and communities (Yusef
et al. 2018). Very little has been investigated to evaluate the
practices on dairy farms, especially from farmers’ perspectives.
This is the first study concerning the knowledge and perception
of dairy farmers regarding antibiotic misuse in Lahore, Pakistan.
Therefore, the main purpose of this study was to explore the
knowledge, attitudes, and perceptions of dairy farm owners about
antibiotic use and resulting resistance among farm animals.

Data and methodology

Lahore is the capital of the province of Punjab in Pakistan and
was selected as the study area. Different locations were randomly
selected in urban and sub-urban areas of Lahore for the survey
(Fig. 2). Farms were selected on the following basis (i) where the
animal number is more than 15, (ii) the farm area is small/con-
gested, (iii) reported high disease burden and (iv) where anti-
biotics are in frequent use. Farmers were interviewed (conducted
in 2019-20) using a comprehensive and well-structured interview
to assess the knowledge, attitude and perceptions of dairy farmers
related to antibiotic resistance among farm animals. Respondents
were informed about the purpose of the survey and con-
fidentiality of their information was ensured. The study did not
violate any moral or ethical obligation.

Sample size. In total two hundred and eighty-five dairy farmers
were included in the current study. The exact number of dairy
farms and dairy farmers is not reported anywhere, so getting the
exact population size is not possible. The Punjab Statistical Bureau
in “Punjab Development Statistics 2019” did not report the
number of dairy farms (Punjab Development Statistics 2021). As
this is the first and initial study of its kind, only 285 dairy farms
showed their willingness to participate. Two hundred and seventy
interviews were completed out of a total of two hundred and
eighty-five. Over 94.73% of interviews were included and the rest
(5.27%) were excluded from the study due to their non-compliance
with key variables of this research. A pilot study was conducted
with randomly selected dairy farmers before the detailed survey
which aimed to check the feasibility of the present research. All
interviews were conducted at the respondent’s place of work.

Interview. The interview was conducted by using a structured
questionnaire, which was prepared after a profound discussion
with experts, and faculty members and an analysis of related
questionnaires/interviews (Kramer et al. 2017). It was further
modified to make it suitable as per study requirements. The
interview responses were verified for reliability and internal
consistency by calculating Cronbach’s alpha using the method
described by Cronbach (1951). The study was conducted in 2019.
The interview consisted of mainly two parts and eighteen ques-
tions. Questions related to the demographic characteristics of the
studied population were gathered in the first section. There were
five questions including age, education level, place of living,
income per animal per day and the number of household
members. The second part of the interview was designed to get
information on the knowledge, attitudes and perspectives of
farmers about antibiotic use and resistance. The first question was

| (2024)11:165 | https://doi.org/10.1057/541599-023-02518-9



ARTICLE

Reduce Finincial

Improve infrastructure in
Government Hospital

Reduce non-
veterinarian advise

burdon on farmers

Stop unnecessary medication

By electronic media

Consultation
workshops

— Farmer's awarness |~

Animations

|| Informal sessions
with experts

Pl
<%

Empowered
Farmers

—— Informed Decision

— By electronic media

Consultation
workshops

Community
awarness

mm Animations

Informal sessions with
experts

Empowered
Farmers

—— Informed Decision

Stakeholder involvment

_| Ethical and moral
training

Rational use of antibiotics by
farmers

Ability to bear
pressure

Work
Independently

L

»
»

Veterinarian
training

Foster strong relationship
with farmers

Use sustainable
practices

|_| Reduce antibiotic
use

Medicine

_| Stopincentiveon | |
over selling

Responsible
decisions

— companiesto |

change practices

Marketing of "Integrated
q

managment"

_| Develop Policy guideline for | |
Antibiotic use

Gap bridging
among policies

Policy makers to
make policies

——{Promote sustainable Practices

invest in quality
infrastructure

Better policy
measures

Fig. 1 Theory of change and role of multiple stakeholders. The flow chart explains the limitations, strategies and outcomes among stakeholders in

improving impact and driving change.

related to the frequency of sickness which helps identify a disease
burden and consumption of antibiotics in animals. The second
question was to assess the preference of farmers in using anti-
biotics over usual home remedies. The next two questions were
about the trend of consultation with veterinarians and farmers’
satisfaction level with the prescribed medication. Information
regarding antibiotic protocol was gathered in further questions
i.e. focus on correct dosage instructions, discontinuity of therapy
after the decrease in the signs/symptoms and management of
leftover antibiotics. We assessed the prevalence of antibiotic
resistance by determining whether the same antibiotic protocol
always works whenever animals are treated for a specific disease.
Subsequent questions were related to considering non-veterinary
advice in using antibiotics. We evaluated farmers’ awareness
regarding the dangers of misusing antibiotics by discussing pro-
minent issues such as the appearance of side effects, the
requirement for more time to subside signs/symptoms, and the

inconsistency of the same treatment always working. The last
question was about the cost-effectiveness of using antibiotics
where a two-point scale (Yes or No) was used to record the
responses of interviewed farmers.

Statistical analysis. Data obtained after a prudent interview was
analyzed using SPSS version 16 (Statistics Data Editor 16.0).
Descriptive statistics was applied to calculate frequencies and
percentages. Descriptive measures were used to condense the
detailed data related to the perceptions and attitudes of farm
owners. Bar graphs were constructed for comparative analysis of
different variables.

Results
Demographic information. All participants in this study were
male. The highest number of respondents were from the age
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Fig. 2 Geographical distribution of survey points for enhanced spatial context. Majority of the dairy farm are in peripheries of Lahore. Each pin point out

the location of one dairy farm.

group 31-40 (41.9%) and the lowest number of respondents
belonged to the age group 61-70 (2.6%). The numbers of
respondents in the age group 20-30 were 14.1%, 41-50 were 27%,
and 51-60 were 14.4%. The majority of the participants were
illiterate or less educated: 23.3% of respondents were illiterate,
24.4% were under matriculation (in Pakistan Matriculation is
equivalent to O-level education) and 25.6% just had a matricu-
lation certificate; therefore, verbal assistance was required to
complete the interview. The education level of 20.4% of partici-
pants was intermediate. Very few respondents (4.1%) had grad-
uate degrees, and even fewer (2.2%) were up to the level of
masters. Most of the interviews (58.1%) were completed in per-
ipheral sub-urban areas of Lahore and others (41.9%) were
completed in urban areas of Lahore. Maximum participants
(43.0%) reported an income of 400-500PKR per day (1.9-2.4US
$) and the majority (51.5%) had 8-10 family members (Table 1).
Data regarding farm description is given in Table 2.

Disease burden. Information about the frequency of sickness in
animals is necessary to identify the probability of antibiotic
consumption. According to the data collected from the current
study, about 31.1% of respondents reported that their animals got
sick three times during the last year (Table 1). Farmers whose
animals got sick only once were 24.8%, twice were 23.7% and
20.4% reported that their animals got sick more than three times
within the last year.

Antibiotic leftovers. According to current research, most of the
participants reported that they threw their left-over antibiotics in
dustbins 41.9% and 2.2% flushed it or threw it in some canal/
water body (Table 1). Saving of antibiotics for future use is also
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high (35.2%) and some said that they share their antibiotics with
friends and other farm owners (20.7%).

Perceived danger. Awareness of the general public can be judged
by asking them about their knowledge related to the dangers of
misusing antibiotics (Kramer et al. 2017). In the present study,
40% of farmers are not aware of the dangers of misusing anti-
biotics (Table 1). Seventy-nine (29.3%) farmers stated that side
effects do appear, 17% answered that the same antibiotic treat-
ment does not work and 13.7% considered that frequent use of
antibiotics increases the time of disease recovery.

Perception and knowledge of the farmers. Farmers still prefer to
apply home remedies whenever they face some sort of illness
rather than referring them to a professional veterinarian (Table 3).
Upon asking about the efficiency of antibiotics over usual home
remedies, most people reported that they think antibiotics work
more efficiently 63.7%, while some farmers (36.3%) preferred
home remedies over antibiotics. The majority (78.5%) responded
positively towards consultation with a veterinarian. Almost the
same status was observed when farmers were asked about their
satisfaction level with veterinarians. Farmers (68.1%) reported that
they follow correct dosage instructions as prescribed by veter-
inarians and a bit less (61.5%) confided that they discontinue
treatment once signs/symptoms of the disease subside. Farmers
(54.8%) stated that the same antibiotic doesn’t work always
whenever animals are treated for a specific disease. This was
helpful to evaluate the knowledge of farmers and information
about antibiotic resistance. Most (43.3%) agreed that they use
antibiotics recommended by non-veterinary advisors and 36.3%
said that they have recommended antibiotics to their friends and
other farmers based on their own experience. Mostly, farmers
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Table 1 Information about socio-demographic characteristics
and farmer's knowledge about antibiotics.
Variables Description Frequency (N) Percentage (%)
Age in years 20-30 38 14.1
31-40 13 419
41-50 73 27.0
51-60 39 14.4
61-70 7 2.6
Education level llliterate 63 233
Under Matric 66 24.4
Matric 69 25.6
Intermediate 55 20.4
Graduate n 41
Masters 6 2.2
Place of living Urban area n3 419
Sub-urban area 157 58.1
Income per 400-500 e 43.0
animal per 501-600 68 25.2
day (PKR)
601-700 81 30.0
701-800 5 1.9
Number of 5-7 96 35.6
household 8-10 139 515
members
1-13 29 10.7
14-16 6 2.2
Sickness rate of  One time 67 24.8%
animals during Two times 64 23.7%
last one year
Three times 84 31.1%
More than 3 55 20.4%
times
Practice of Save it for 95 35.2
farmers with left-  future use
over antibiotics Give it to other 56 20.7
farm owners
Flush it 6 2.2
Throw in bin 13 41.9
Perception of Don't know 108 40
farmers related Side effect 79 293
to danger of appears
antibiotic misuse Same treatment 46 17
does not work
always
It take more 37 13.7
time to subside
symptoms

claimed that they are well aware of the dangers of misusing
antibiotics (60%). A significant majority of farmers (90.4%)
declared that it is not economically viable to visit a veterinarian or
to use a complete dose of antibiotics.

Comparative analysis of variables. An indirect relationship was
observed between the educational level of farmers and their
antibiotics-sharing perception. A negative correlation exists
(p = —0.8) between the “use of integrated disease management
and overcrowding of animals”. Similarly, there is a negative
correlation (p = —0.42) between “education level and location of
residency” (Table 4). Analysis of variance revealed the significant
linkage (p = 0.96) between “how many times did your animal get
sick last year and the area of the farm”. Likewise, a positive sig-
nificant linkage is there (0.99) between “What are the dangers of
misusing and location of residency” Table 5. The descending
trend was as follows; illiterate (33.9%) > under matric (26.8%) >
matric (26.8%) > intermediate (10.7%). The majority of the

illiterate farmers were unaware of the dangers of misusing anti-
biotics (36.1%), compared to the farmers having elementary
(26.9%) and secondary education (27.8%) (Fig. 3). The majority
of the farmers having higher secondary education (47.8%)
reported the same side effect of misusing antibiotics which was
that the treatment protocol doesn’t seem to work always. Twenty-
seven per cent answered that the same antibiotic/product may no
longer be effective and take more time to cure/heal the same
disease after excessive use (Fig. 4). Most of the interviews were
completed in peripheral suburban areas of Lahore (58.2%). These
farmers stated that their animals suffered from some sort of ill-
ness (51.1%) only once during the last year. While, among
farmers living in urban areas, 26.9% reported once a year of
illness for their animals (Fig. 5). The disease burden of animals
(more than three times) was higher among farmers in urban areas
(56.4%) as compared to suburban areas (43.6%). Farmers who
claim that they throw left-over antibiotics in dustbins were 46%
in urban areas and in suburban areas they were 54% (Fig. 6). The
trend of sharing antibiotics with other friends was mostly seen
among farmers in suburban areas (75%). Very little difference
was observed in the practice of saving left-over antibiotics for
future use among the farmers of urban (47.4%) and suburban
areas (52.6%). The majority of the suburban farmers (74.1%)
stated that they were not aware of the dangers of misusing
antibiotics while the urban farmers who said so were 25.9%.
Almost both urban (48.6%) and suburban farmers (51.4%) agreed
likewise that it takes more time for signs/symptoms to subside
after utilizing the excess antibiotics (Fig. 7).

Discussion

This is the first study in Lahore (the capital of the province of
Punjab, Pakistan) to assess food security issues related to dairy
farms in Pakistan. Studies suggest that the knowledge, attitude and
perception of dairy farmers related to antimicrobial misuse are
directly linked to the food security issue and the non-sustainability
issue (Hasnain 2020; FAO 2003). Self-medication is very prevalent
in farmers due to financial constraints and peer pressure.
According to current research, 21% of the respondents stated that
they do not consult veterinarians, which means that they follow
self-medication. Analogous results were obtained in a local study
in Karachi where 23% of the respondents stated that they use
antibiotics without consulting a doctor (Qamar et al. 2015). In
Saudi Arabia, 34% of farmers do not consulting veterinarians
(Alghadeer et al. 2018). In our study, one-third of respondents
(36.3%) claimed that usual home remedies work more efficiently
than antibiotics. This might be a major reason explaining why
farmers don’t prefer to consult veterinarians. In an Indian study,
the advice of para-veterinarians and untrained ‘animal health
workers” are more taken as they charge lower fees (Mutua et al.
2020). This study also highlights that there is mistrust among
farmers and veterinarians. Farmers usually believe that veter-
inarians safeguard the interests of medicine companies, not theirs.
Big companies influence veterinarians in their prescription habits.
This is the reason why farmers prefer peer advice and experience
regarding antibiotic use. In this study, respondents who stated that
they recommended antibiotics to their friends or other farm
owners based on their own experience were 36.3%. Another
parallel study was performed in Saudi Arabia where 26.8% of the
respondents reported that they suggest antibiotics to others
(Alghadeer et al. 2018). Friend’s advice was also found to be an
important contributing factor towards self-prescription with
antibiotics, in a survey conducted in Riyadh city, KSA (Al-Rasheed
et al. 2016). Use of antibiotics on the suggestion of non-veterinary
advisors may prove to be harmful to animals, as excessive misuse
of antimicrobials leads towards antibiotic resistance.

| (2024)11:165 | https://doi.org/10.1057/s41599-023-02518-9 5



ARTICLE

Table 2 Farms description of the study area.

Variables Description Frequency (N) Percentage (%)
Area of the farm Less than 1 0.05 (ha) 97 35.9
0.05-0.1 (ha) 84 311
0.1-0.2 (ha) 62 23.0
above 0.2(ha) 24 8.9
Area of farmer living and animal sheds are separate No 170 63.0
Intermingled 63 233
Yes 32 1.9
Number of animals Less than 5 8 3.0
5-10 19 7.0
10-15 32 1.9
15-25 140 51.9
More than 25 61 22.6
General cleanliness Very poor 18 6.7
Below Average 33 12.2
Average 165 61.1
Above average 38 14.1
Very good 14 52
Over crowding of animals No 35 13.0
Intermediate 64 23.7
Yes 170 63.0
Use of integrated disease management No 159 58.9
Yes 105 389

Questions

Table 3 Knowledge and perception of farmers related to antibiotic resistance.

Answers

Yes [% (n)] No [% (n)]

Do you prefer to consult a veterinarian when your animals get sick?
Do you feel satisfied with the prescription given by your veterinarian?
Do you follow correct dosage instructions?

Do you discontinue therapy once symptoms subside?

Are you aware of dangers of misusing antibiotics?
Do you find it economical to use antibiotics for treatment of animals?

Do you think that antibiotics work more efficiently than usual home remedies for treatment of animals?

Does same antibiotic protocol always work whenever animals are treated for a specific disease?
Have you ever applied antibiotics to your animals recommended by non-veterinary advisors?
Do you personally recommend antibiotics to your friends/ farm owners on the basis of your experience?

63.7(172) 36.3(98)
78.5(212) 21.5(58)
71.5(193) 28.5(77)
68.1(184) 31.9(86)
61.5(166) 38.5(104)
45.2(122) 54.8(148)
43.3(M7) 56.7(153)
36.3(98) 63.7(172)
60(162) 40(108)
9.6(26) 90.4(244)

Lack of formal education and awareness programs leads to a
poor understanding of farmers. They are not very clear about the
use, misuse, optimum dose, types, limitations, etc, of anti-
microbials. This knowledge gap leads to wrong practices. Most of
the respondents of the present study (40%) reported that they do
not have any idea about the harmful side effects of misusing
antibiotics. These research findings are in line with a local survey
conducted in Karachi, where 41% of the respondents said that
they are not very well aware of the dangers of improper use of
antibiotics (Qamar and Ayub 2015). Another study was found to
have similar results where 17% of respondents claimed to have
not enough knowledge related to the disadvantages of excessive
antimicrobial usage (Redding 2019). In Nigeria, some university
students shared their views in a survey related to their knowledge
and awareness regarding antibiotics. One-fourth of them
responded that antibiotics might not have harmful effects on farm
animals (Ayepola et al. 2018).

While considering the current research, farmers do not have
much knowledge and awareness about antibiotic usage and its
possible drawbacks. Therefore, a comprehensive awareness pro-
gram is required to enhance the knowledge of local farmers. In
this survey, most of the participants reported that they throw
their leftover antibiotics in dustbins (41.9%), and others (52.2%)

save them for future use. The same practice of saving antibiotics
was witnessed among the general public of Saudi Arabia where
almost 44.7% of participants reported saving leftover medicines
from their incomplete course for future use (El-Zowalaty et al.
2016). Even a high percentage of respondents (60%) claimed to
save antibiotics for future needs in China (Ye et al. 2017). About
one-third of participants (56.9%) in the Nigerian survey confessed
that they saved their leftover antibiotics (Ayepola et al. 2018). The
practice of saving antibiotics for future use or sharing medicines
between farmers indicates the prevailing risk of self-medication
among them. Chauhan et al. (2018) reported that the new gen-
eration is self-relying to manage animal disease on their own,
using combinations of traditional knowledge and modern
medicines.

Completion of the correct dose and for the correct duration of
time is not very common. This is also linked to poor knowledge
and bad attitude. Farmers also see it non-economical to continue
using antimicrobials for the period prescribed, even when clinical
signs begin to subside. More than one-third of the farmers
(68.1%) stated that they do not follow correct dosage instructions
as prescribed by veterinarians and 61.5% used to discontinue the
course of treatment once signs/symptoms of the disease subside.
Antibiotic usage habits among the Jordanian population were
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Fig. 3 Comparison between education level of farmers and their practices related to left-over antibiotics. Each bar on X-axis represents the educational
level of farmer and the sections in the bar represents the practices, what farmers do with left over antibiotics.
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Fig. 4 Comparison between education level of farmers and their perceptions about misusing antibiotics. Each bar on X-axis represents the educational
level of farmer and the sections in the bar represents the knowledge, what farmers know about misusing antibiotics.

assessed through a survey. Thirty-two percent of the respondents
replied that they never followed the complete course of treatment
as prescribed by their doctor (Ye et al. 2017). In Northwest
Nigeria, just 14.8% of students replied that they discontinue using
antibiotics once signs/symptoms of the disease subside. A Similar
trend was observed among community members where 16% of
respondents said that they did not complete their medical course
duration as suggested by a doctor (Ajibola et al. 2018). In another
case study, students of a Chinese University (47.9%) reported that
one should immediately stop using antibiotics once symptoms of
the disease disappear (Wang et al. 2017). Failure to comply with
the drug withdrawal period is also very prevalent in Indian
farmers and they even keep selling/consuming milk from animals
on antibiotic treatment (Sharma et al. 2022). In an Italian
awareness survey, very strong compliance was observed among
senior university students where only 6% of students were found

to violate correct dosage instructions and a proper intake time
(Prigitano et al. 2018).

In third world countries, cost/finance plays a very important
role in the decision-making process. Farmers are unable to
visualize a holistic approach and mostly decide while keeping the
cost in mind. This factor compels the farmers to decide and
practice wrong. The antimicrobials use will rise to 67% by the end
of 2030, and it will closely double in Russia, China, India, South
Africa and Brazil (Von Boeckela et al. 2015). In the present study,
the vast majority of farmers (90.4%) reported that they don’t find
it cost-effective to complete the antibiotic course. Simultaneously,
it’s too difficult to bear the expenses of a veterinarian. The same
trend was observed in Jordan, 40.8% of respondents thought that
the efficiency of antibiotics depends upon their price (Yusef et al.
2018). The non-sustainable use of antibiotics in dairy farms may
lead to the food security issue in Pakistan.
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Fig. 6 Comparison between living area of farmers and their practices related to left-over antibiotics. Each bar on X-axis represents the farmer's
practices and these bars are clustered as urban and sub-urban area.

Recommendations
We recommend the following steps to be taken into account to
reduce the antibiotic burden

Prioritising the adoption of sustainable practices in
antimicrobials and antibiotics use.

Address all aspects of food security, with particular
emphasis on overlooked aspects such as food safety and
nutrition

Invest in a comprehensive training program for younger
veterinarians, enabling them to work independently and
make informed decisions regarding antibiotic prescription.
Launch targeted awareness campaigns to educate farmers
about knowledge, use, overuse and dangers of antibiotics.
This will empower farmers to make informed decisions and
resist peer pressure.

Develop and implement stringent antibiotic dispensing
laws with an emphasis to prohibit antibiotic sales without
prescription.

Promote the concept of ‘Integrated disease management’ in
farming practices. Encourage farmers to maintain cleanli-
ness on farms and prioritize disease prevention to reduce
dependency on antibiotics.

Develop a comprehensive plan to address the financial
barriers that discourage farmers from consulting the
veterinarian. This may be addressed by providing subsidies
to farmers or by improving services at State Owned Hospital.
Foster a strong relationship between veterinarians and
farmers by emphasizing the importance of animal health
over financial concerns. This trust will compel farmers to
get veterinarian advice and decline to surrender to accept
peer pressure.
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Fig. 7 Comparison between living area of farmers and their perceptions about misusing antibiotics. Each bar on X-axis represents the perception and

these bars are clustered as urban and sub-urban area.

Future research
We believe that the following future research areas must be

addressed;

e “Food security” and “sustainability” should be the core
ideology in the business model of “dairy policy”

e A data bank regarding farms needs to be developed, using
the latest Information Technology apps and software. This
should include farm size, the number of animals, disease
burden, etc.

e Integration of different fields (livestock department,
veterinarians, medicine companies, farmers, media, food
authority, etc.) is important to minimize antimicrobial
misuse.

e National policy on antimicrobial use needs to be developed.
We need to accept that antimicrobial misuse is a problem
and must set ways to minimize it.

Conclusion

The study highlights the ongoing challenges of food security in
Pakistan, calling for rigorous efforts to focus on safety and
nutritional aspects not only to abundance of food. The novel
connection established on this critical issue in this research
between the use and misuse of antimicrobials and food security. A
substantial number of dairy farmers are less educated and their
knowledge, attitude and practices regarding antibiotic use are
very low and non-scientific. Financial constraints compel farmers
to act carelessly which leads to antibiotic misuse. Their trust level
in veterinarians’ advice is low and they are relying more on non-
veterinary advisors for their animal’s health care. Rampant mis-
use of antibiotics, self-medication, lack of awareness and bad
practices among farmers are some of the prevalent problems
observed in this study. These are contributing factors towards
antibiotic misuse, resistance and food security. To address these
pressing challenges, a comprehensive awareness campaign is
inevitable, aimed at filling the knowledge gap and promoting
responsible antibiotic practices. Moreover, “Food security” and
“sustainability” should be the core principle of “dairy policy”.
Policymakers must collaborate with relevant stakeholders to

implement that control antibiotic

dispensing.

stringent  regulations
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The data is available to the corresponding author on demand
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