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ABSTRACT
Demand for poultry meat is rising in low- and middle-countries, driving the expansion of
large commercial farms where antimicrobials are used as surrogates for hygiene, good
nutrition. This routine use of antimicrobials in animal production facilitates the emergence
and spread of antibiotic-resistant pathogens. Despite potentially serious consequences for
the animal industry, few studies have documented trends in antimicrobial use (AMU) at the
farm-level in low- and middle-income countries. The objective of this study was to estimate
AMU in a broiler chicken farm in Pakistan over a five-year period and to extrapolate national
AMU in commercial broiler farming. Between 2013 and 2017, we monitored AMU in 30 flocks
from a commercial broiler farm in Punjab, the most populous province of Pakistan. The
amount of antimicrobials administered was calculated in milligram/population unit of the
final flock weight (mg/fPU) and in used daily dose (UDD). The annual on-farm antimicrobial
use was 250.84 mg of active ingredient per kilogram of the final flock weight. This consump-
tion intensity exceeds the amount of antimicrobial used per kilogram of chicken of all
countries in the world except China. Measured in mg per kg of final flock weight or
population unit (fPU), medically important drugs such as colistin (31.39 mg/fPU), tylosin
(41.71 mg/fPU), doxycycline (81.81 mg/fPU), and enrofloxacin (26.19 mg/fPU) were the most
frequently used antimicrobials for prophylactic or therapeutic use. Lincomycin was the most
frequently used antimicrobial used in-feed (29.09 mg/fPU). Our findings suggest that the
annual consumption of antimicrobials in the broiler sector in Pakistan could be as high as 568
tons. This alarmingly high consumption estimate is the first baseline study on antimicrobial
use in animals in Pakistan. Our findings call for immediate actions to reduce antimicrobial use
in Pakistan, and countries with comparable farming practices.
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Background

The rise of antimicrobial resistance (AMR) is
a global phenomenon driven by antimicrobial use
(AMU). Global data suggest that AMU in food
animals far outweighs its consumption in human
medicine [1]. Mounting evidence suggests that the
overuse of antimicrobials in food animals contri-
butes to the emergence of drug-resistant bacterial
infections in animals and humans [2]. Several anti-
microbials used in veterinary medicine are also on
the World Health Organization (WHO) list of criti-
cally important antimicrobials for human medicine
[3]. Surveillance of AMU in animals is already mon-
itored in some high-income countries; however, in
the low- and middle-income countries (LMICs)
monitoring systems remain largely absent [4].
Although the estimation of AMU in food animals
is one of the key objectives of the Global Action
Plan on AMR WHO, there are few national-level

estimates of veterinary antimicrobial use in LMICs.
Pakistan has recently drafted its National Action
Plan in 2017 in response to the WHO’s Global
Action Plans on AMR, and committed to addressing
the AMR regulatory and policy issue according to
the “One Health” approach [5]. This calls for mon-
itoring AMU in livestock and poultry to fill an
important knowledge gap. This study was designed
to study AMU patterns both as prophylactic or
therapeutic and in-feed from a representative com-
mercial broiler farm between 2013 and 2017.

Methods

We monitored antimicrobial consumption for a five-
year period (2013–2017) on a commercial broiler
farm located in Faisalabad, Pakistan. Overall, AMU
records of 30 flocks (F1–F30), consisted of 595,300
birds, were monitored over a period of five years.
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Standard feeding protocols using starter, grower, and
finisher rations were followed. Antimicrobials were
administered for prophylactic (enrofloxacin and
colistin at days 1–4, tylosin and doxycycline at days
20–24) or treatment purposes only through water,
while the antimicrobials used as feed additive came
premixed from the feed manufacturer. Farm records
were maintained to monitor antimicrobial use,
including brands and quantities used. Records for
the production output in terms of final flock weight
were also maintained (Table S1).

Population unit

In a broiler production system, if the entire flock is
considered a single biomass with initial weight regarded
when the chicks enter the system and final weight when
the production is complete, flock-biomass can be calcu-
lated in Population Unit (PU) with initial and final
weights termed as iPU and fPU, respectively. The anti-
microbial consumption per population unit can be
expressed in milligrams with respect to fPU:

mg=fPUmg=kg ¼ AMU
FFW kg

(1)

where FFW kg is the final flock weight in kg.

AMU per fPU calculation

Total AMU in mg for 30 flocks was calculated by the
addition of antimicrobials used as prophylactic
(UP mg), treatment (UT mg) and feed additive, latter
calculated by multiplying the total feed consumed
in kg (CF kg) with the inclusion rate of antimicrobial
in feed (IR mg/kg) obtained from manufacturer. The
division of total AMU with the sum of corresponding

final flock weights (FFW kg) gives the total consump-
tion per fPU.

UTmg=fPU ¼
P30

n¼1 UPmg þ UTmg
� �þ CF kg � IRmg=kg

� �� �
nP30

n¼1 FFW kg
� �

n

(2)

Used daily dose calculation

Daily antimicrobial consumption during prophylactic
or treatment courses was calculated by dividing flock
water consumption in liters (CW L) times the anti-
microbial inclusion rate per liter of water (IR mg/L) by
the flock weight (FW kg) at respective day (d). Used
daily dose (UDD) was calculated as the average of
daily antimicrobial consumption in corresponding
prophylactic or treatment courses consisting of
days (D).

UDDmg=kg ¼
PD

d¼1
CW L�IRmg=L

FW kg

� �
d

D
(3)

The European Medicines Agency’s European
Surveillance of Veterinary Antimicrobial
Consumption (ESVAC) has outlined defined daily
doses (DDD) values for animals in Europe. These
values have been assigned according to the declared
strength (content) given in the label/name or sum-
maries of product characteristics from different coun-
tries in Europe [6]. UDD/DDD was calculated to
account for the differences between used dose in
our study and defined dose of ESVAC (Table 1).

Country’s AMU estimation

We used the average estimate of broilers produced
per year (calculated by considering 3% mortality fac-
tor generally observed at farm) to estimate the annual

Table 1. Total amount of antimicrobial agents used for prophylactic and treatment purposes in surveyed flocks during 2013–17.

Drug class Drug name Flocks treated
Treated fPU

kg Used active ingredient kg mg/fPU
UDD
mg/kg

DDD
mg/kg UDD/DDD

Polymyxins Colistin 30 1,233,404 38.72 31.39 70.54 5.1 13.83
Macrolides Tylosin 30 1,233,404 51.45 41.71 19.21 81 0.24

Erythromycin 1 43,101 2 46.4 30.68
Fluoroquinolones Enrofloxacin 30 1,233,404 32.3 26.19 50.61 10 5.06

Norfloxacin 1 31,353 2 63.79 36.52
Tetracyclines Doxycycline 30 1,233,404 100.9 81.81 38.42 15 2.56

Chlortetracycline 18 749,501 8 10.67 93.97 30 3.13
Oxytetracycline 4 166,857 6.25 37.46 29.37 39 0.75

Aminoglycosides Neomycin 19 792,501 9.78 12.34 31.71 24 1.32
Streptomycin 1 42,329 0.9 21.26 9.91

Nitrofurans Furaltadone 19 792,602 8 10.09 70.47
Antiviral Amantadine 24 980,921 14.21 14.49 7.68
Penicillin Penicillin 1 42,329 0.3 7.09 3.3
Polypeptides Bacitracin 1 42,329 1.3 30.71 14.31
Sulfonamides Sulfamethoxypyridazine 1 38,127 0.6 15.74 15.34 23 0.67

Sulfamethazine 1 38,127 0.6 15.74 15.34 0
Trimethoprim Trimethoprim 1 38,127 0.3 7.87 9.2 6.4 1.44
Lincosamides Lincomycina 24 987,877 28.74 29.09 2.68 8.6 0.31
Polypeptides Enramycin Fa 6 245,527 3.25 13.24 1.22

Total 30 1,233,404 309.6 251.01
aAntimicrobials premixed with feed as feed additive with an inclusion rate of 17.6 g/ton and 8 g/ton, respectively.
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antimicrobial consumption in Pakistan’s broiler
industry. The approximation was made by relating
average AMU (kg) over estimated number of broilers
produced per year at studied farm with the number
of commercial broilers produced in the country in
the year 2017–18 according to Pakistan Economic
Survey 2017–18 [7].

Results

A total of 17 antimicrobials (belonging to 11 classes)
were used for therapeutic or prophylactic purposes,
among 30 flocks over a period of five years. In addition,
two antimicrobials (lincomycin or enramycin) were
used in-feed (Table 1). Among the antimicrobials used
for therapeutic or prophylactic purposes, colistin, tylo-
sin, enrofloxacin, and doxycycline were the most fre-
quently used antimicrobials (each 100%, 30/30 flocks)
followed by amantadine (80%, 24/30), neomycin and
furaltadone (each 63%, 19/30), and chlortetracycline
(60%, 18/30) (Table 1). The most commonly used anti-
microbials for therapeutic or prophylactic purposes
measured by mg/fPU consisted of doxycycline
(81.81 mg/fPU), tylosin (41.71 mg/fPU), and colistin
(31.39 mg/fPU). When using the UDD metric, the top
three antimicrobials used were chlortetracycline
(93.97 mg/kg), colistin (70.54 mg/kg), and furaltadone
(70.47 mg/kg). In addition, lincomycin was the most
commonly used antimicrobial agent as a feed additive
(29.09 mg/fPU) followed by enramycin (13.23 mg/fPU)
(Table 1). Lincomycin was consumed every year in-feed
except in 2014, where lincomycin was replaced by
enramycin.

Between 2013 and 2017, the total AMU was 309.6
in kg and 251.01 in mg/fPU while the average annual
use was found to be 61.92 in kg and 250.84 in mg/fPU
(Table 1 and Table S3). AMU as feed additive consti-
tuted a share of 10.33% in kg and mg/fPU in total AMU.
Among the 23 products used for prophylactic or treat-
ment purpose, 52% (12/23) contained colistin followed

by enrofloxacin (35%, 8/23), tylosin (30%, 7/23), doxy-
cycline and amantadine (26%, 6/23 each) (Table S2).

Seasonal variation carries a non-negligible effect on
AMU with an increase of 24.79% in total mg/fPU in
summers compared to winters (Figure 1). With an
average of 115,488 broilers produced (accounting 3%
mortality) and AMU of 62 kg per year in the present
study, 1,057.65 million broilers produced in Pakistan in
the year 2017–18 would have consumed ≈ 568 tons of
antimicrobial [7].

Discussion

The poultry sector in Pakistan is producing
1,057.65 million broilers annually and is the second
largest export industry in value after textiles [7]. In
this study, the average annual on-farm antimicrobial
use was 250.84 mg/kg of the final flock weight. This
consumption intensity exceeds the amount of anti-
microbial used per kilogram of chicken of all coun-
tries in the world except China [8]. Interestingly,
average AMU (250.84 mg/fPU) in the present study
is substantially higher than the estimated global use
(≈ 148 mg/PCU) in chicken [1]. In particular, the use
of colistin vastly exceeds the DDD values of colistin
for broilers outlined by the ESVAC. Colistin, enro-
floxacin and chlortetracycline were 13.8, 5 and 3.1
times higher than their respective DDD values
(Table 1), respectively [6]. From 19 different antimi-
crobials, seven (colistin, tylosin, erythromycin, enro-
floxacin, norfloxacin, neomycin, and streptomycin)
are categorized as critically important for human
medicine by WHO [3]. Colistin, considered as the
last-resort antibiotic for the treatment of multidrug-
resistant infections in human, was the most frequent
(100%) antimicrobial used with an average of 7.74 kg
per year and 31.39 mg/fPU. Compared to the colistin
use reports from Vietnam (5.3 and 1.8 mg/kg) [9]
and Morocco (8.4 mg/kg) [10], our study reveals use
at threatening levels (31.39 mg/fPU). The plasmid-
mediated mobile colistin resistance mcr-1 gene

Figure 1. Seasonal effect on AMU in 30 flocks during 2013–17.
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represents a new threat due to the transferability of
this gene between bacteria. After the discovery of
mcr-1 from broilers and human in Pakistan [11,12],
such a high level use of colistin poses a major threat
of selecting resistant microorganism, as reported in
China [13]. In the present study, in-feed AMU shares
10.33% in total AMU, raising questions for policy
makers to enforce restrictions on in-feed antimicro-
bial use in Pakistan. Although the present study was
carried out in a single farm in Punjab, one of its
notable strengths is the long follow-up period
[9,14]. Our study has also limitations in terms of
extrapolation for annual country’s AMU in intensive
commercial broiler sector based on one commercial
broiler production unit. Nevertheless, we also believe
this farm to be generally representative of ongoing
broiler farming practices in Pakistan. These extrapo-
lations were based on two assumptions: first because
the surveyed farm is located in Punjab province
which contributes over 70% of the country’s broiler
production [15]. Second that the flock size across
commercial broiler enterprises in Punjab ranged
between 20,000 and 38,000 birds [16], thus our
farm size (20,000) corresponds to average farm size
likely leading to similar farming practices. Based on
this cautionary extrapolation, we estimated annual
AMU of Pakistan in commercial broiler industry
could be around 568 tons. Previous studies based
on extrapolation from country sales data had esti-
mated AMU for all animal species to be at 1,031 tons
in 2013 [17].

Conclusion

Our findings emphasize the urgent need to phase out
the use of critically important antimicrobials in
chicken in Pakistan to prevent a public health crisis.
The trends reported in our study highlight the fact
that antimicrobials are being largely overused in broi-
ler production in Pakistan, calling for urgent action.

Acknowledgments

T.P.V.B was supported by The Branco Weiss Fellowship –
Society in Science and the Swiss National Science Foundation.

Author contributions

M.M. and M.K.S. designed research; M.U. and M.N.
N. performed research; T.P.V.B., M.U., A.K., and C.
H. analyzed data; and M.M., T.P.V.B., and R.L. wrote the
paper.

Disclosure statement

No potential conflict of interest was reported by the
authors.

Ethics and consent

Not applicable.

Paper context

Surveillance of antimicrobial use in food animals is one of
the key objectives of Global and National Action Plan on
antimicrobial resistance. However, no published studies
exist on AMU in poultry in Pakistan. The article described
a five-year surveillance data of AMU in poultry from
Pakistan. This pilot data are of immediate importance for
policy makers in Pakistan and countries with comparable
farming practices to avoid a public health crisis.

ORCID

Mashkoor Mohsin http://orcid.org/0000-0002-5460-
5780
Thomas P. Van Boeckel http://orcid.org/0000-0002-
6556-0952
Muhammad Kashif Saleemi http://orcid.org/0000-0002-
2329-7228
Muhammad Umair http://orcid.org/0000-0002-9536-
4821
Muhammad Noman Naseem http://orcid.org/0000-
0001-7133-4575
Cheng He http://orcid.org/0000-0002-1223-9639
Ahrar Khan http://orcid.org/0000-0001-5492-4266
Ramanan Laxminarayan http://orcid.org/0000-0002-
1390-9016

References

[1] Van Boeckel TP, Brower C, Gilbert M, et al. Global
trends in antimicrobial use in food animals. Proc Natl
Acad Sci U S A. 2015;112:5649–5654.

[2] Moore CE. Changes in antibiotic resistance in
animals. Science. 2019;365:1251–1252.

[3] World Health Organization. Critically important anti-
microbials for human medicine. 6th revision ed.
Geneva: World Health Organisation; 2019. [cited
2019 Aug 21]. Available from: https://apps.who.int/
iris/bitstream/handle/10665/312266/9789241515528-
eng.pdf?ua=1

[4] Kakkar M, Chatterjee P, Chauhan AS, et al.
Antimicrobial resistance in South East Asia: time to
ask the right questions. Glob Health Action.
2018;11:1483637.

[5] Ministry of National Health Services Regulations &
Coordination Government of Pakistan. National
AMR action plan for Pakistan. 2017. [cited 2019 Aug
21]. Available from: https://www.nih.org.pk/wp-
content/uploads/2018/08/AMR-National-Action-Plan
-Pakistan.pdf

[6] European Medicine Agency. Defined daily doses for
animals (DDDvet) and defined course doses for ani-
mals (DCDvet): European surveillance of veterinary
antimicrobial consumption (ESVAC). 2016. [cited
2019 Aug 21]. Available from: http://www.ema.
europa.eu/docs/en_GB/document_library/Other/
2016/04/WC500205410.pdf

[7] Finance Division Government of Pakistan. Finance
Division Government of Pakistan. Pakistan economic
survey 2017–18. 2018. [cited 2019 Aug 21]. Available

4 M. MOHSIN ET AL.

https://apps.who.int/iris/bitstream/handle/10665/312266/9789241515528-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/312266/9789241515528-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/312266/9789241515528-eng.pdf?ua=1
https://www.nih.org.pk/wp-content/uploads/2018/08/AMR-National-Action-Plan-Pakistan.pdf
https://www.nih.org.pk/wp-content/uploads/2018/08/AMR-National-Action-Plan-Pakistan.pdf
https://www.nih.org.pk/wp-content/uploads/2018/08/AMR-National-Action-Plan-Pakistan.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Other/2016/04/WC500205410.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Other/2016/04/WC500205410.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Other/2016/04/WC500205410.pdf


from: http://www.finance.gov.pk/survey/chapters_18/
Economic_Survey_2017_18.pdf

[8] Organisation for Economic Co-operation and
Development. Working party on agricultural policies
and markets antibiotic use and antibiotic resistance in
food producing animals in China. 2019. [cited 2019 Aug
21]. Available from: http://www.oecd.org/officialdocu
ments/publicdisplaydocumentpdf/?cote=TAD/CA/
APM/WP(2018)19/FINAL&docLanguage=En

[9] Nguyen NT, Nguyen HM, Nguyen CV, et al. Use of
colistin and other critical antimicrobials on pig and
chicken farms in southern Vietnam and its association
with resistance in commensal Escherichia coli bacteria.
Appl Environ Microbiol. 2016;82:3727–3735.

[10] Rahmatallah N, El Rhaffouli H, Lahlou Amine I, et al.
Consumption of antibacterial molecules in broiler
production in Morocco. Vet Med Sci. 2018;4:80–90.

[11] MohsinM, Raza S, Roschanski N, et al. Description of the
first escherichia coli clinical isolate harboring the colistin
resistance gene mcr-1 from the Indian subcontinent.
Antimicrob Agents Chemother. 2017;61:e01945–16.

[12] Lv J, MohsinM, Lei S, et al. Discovery of amcr-1-bearing
plasmid in commensal colistin-resistant Escherichia coli
from healthy broilers in Faisalabad, Pakistan. Virulence.
2018;9:994–999.

[13] Liu YY, Wang Y, Walsh TR, et al. Emergence of
plasmid-mediated colistin resistance mechanism
MCR-1 in animals and human beings in China:
a microbiological and molecular biological study.
Lancet Infect Dis. 2016;16:161–168.

[14] Sarrazin S, Joosten P, Van Gompel L, et al. Quantitative
and qualitative analysis of antimicrobial usage patterns in
180 selected farrow-to-finish pig farms from nine
European countries based on single batch and purchase
data. J Antimicrob Chemother. 2019;74:807–816.

[15] Poultry Research Institute-Livestock and Dairy
Development Department Punjab. 2014–2017 perfor-
mance report directorate of poultry research institute-
livestock and dairy development department, Punjab;
2017. [cited 2019 Aug 21]. Available from: http://
www.livestockpunjab.gov.pk/LiveStockAdmin/
uploads/editor_files/performance_report_-_directo
rate_of_poultry_research_institute_oslln.pdf

[16] Arslan AU, Bashir MK, Khalid MF, et al. Economic
analysis of broiler production in environment con-
trolled houses in district Faisalabad. Pak J Agric Sci.
2018;55:699–701.

[17] Van Boeckel TP, Glennon EE, Chen D, et al. Reducing
antimicrobial use in food animals. Science.
2017;357:1350–1352.

GLOBAL HEALTH ACTION 5

http://www.finance.gov.pk/survey/chapters_18/Economic_Survey_2017_18.pdf
http://www.finance.gov.pk/survey/chapters_18/Economic_Survey_2017_18.pdf
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=TAD/CA/APM/WP(2018)19/FINAL%26docLanguage=En
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=TAD/CA/APM/WP(2018)19/FINAL%26docLanguage=En
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=TAD/CA/APM/WP(2018)19/FINAL%26docLanguage=En
http://www.livestockpunjab.gov.pk/LiveStockAdmin/uploads/editor_files/performance_report_-_directorate_of_poultry_research_institute_oslln.pdf
http://www.livestockpunjab.gov.pk/LiveStockAdmin/uploads/editor_files/performance_report_-_directorate_of_poultry_research_institute_oslln.pdf
http://www.livestockpunjab.gov.pk/LiveStockAdmin/uploads/editor_files/performance_report_-_directorate_of_poultry_research_institute_oslln.pdf
http://www.livestockpunjab.gov.pk/LiveStockAdmin/uploads/editor_files/performance_report_-_directorate_of_poultry_research_institute_oslln.pdf

	Abstract
	Background
	Methods
	Population unit
	AMU per fPU calculation
	Used daily dose calculation
	Country’s AMU estimation

	Results
	Discussion
	Conclusion
	Acknowledgments
	Author contributions
	Disclosure statement
	Ethics and consent
	Paper context
	References



