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Summary

The problem of antimicrobial resistance (AMR) in the dairy cattle production systems remains a

global issue in the dairy industry. The objective of this study was to genetically identify the

antimicrobial resistant genes in the bacterial pathogens from the cow fecal microbiota collected

from the station and smallholder dairy cows in Kenya and Tanzania respectively. Using next

generation sequencing, the pathogens detected were screened for antimicrobial resistance genes

using ResFinder dataset in the center of Abricate. The dairy cows from the smallholder farms

indicated the high prevalence of tetracycline, streptomycin, sulfamethoxazole, and third-

generation cephalosporin resistance genes. The dairy cows at the station farm showed the high

prevalence to tetracycline and cephalosporin resistance genes in the fecal particles. The bacteria

with AMR included Campylobacter fetus, Campylobacter jejuni, Escherichia Coli, and

Staphylococcus Sciuri among others. The high prevalence of tetracycline, streptomycin, and

sulfamethoxazole resistance genes at the smallholder farms is an indication of use of non-

prescription drugs by dairy farmers. The findings of this study may help to take adequate

prophylactic measures and clinical preventions in the spread of resistant genes in the farms.
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Introduction

The problem of antimicrobial resistance (AMR) in the cattle production systems remains a

serious global burden. The use of the antimicrobials in the dairy farm mainly in the treatment of
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mastitic pathogens selects for antimicrobial resistant bacteria which contain the AMR genes

(Cameron and McAllister, 2016). The antimicrobial resistance causes the significant mortality

and morbidity to the cattle production systems due to the bacterial pathogens which are resistant

to antimicrobials (Call et al., 2008). However, little information is known about the source,

diversity and distribution of antimicrobial resistance genes in the most non-culturable

environmental bacterial pathogens (Chambers et al., 2015). Metagenomics allows the

identification and characterization of the composition of the microbiota as well as the abundance

of their genes (Roehe et al., 2016). This study was conducted to identify the antimicrobial

resistant genes present in the bacterial pathogens of the gut microbiome in the healthy lactating

dairy cows. Furthermore, the isolates were assessed for the multidrug-resistance in the

microbiome using the National Center of Biotechnology Information.

Material and Methods

Study area and Sample collection

This study was conducted at the station farm at the University of Nairobi and the smallholder

farms in Lushoto and Rungwe districts in Tanzania. The criteria for selection were based on the

breed, body condition, medical history and cows in their first stage of lactation. Fecal particles

(250 to 500g) were collected from rectum of six adults lactating cows at the station farm. In

Tanzania, 18 fecal samples were collected each from Lushoto and Rungwe respectively.

DNA extraction,Sequencing, and Bioinformatics pipeline

The total genomic DNA was extracted using the commercially available QIAamp DNA stool

mini stoolkit (Qiagen, USA) according to the manufacturer’s protocol. The Nextera XT DNA

library preparations was performed following the protocol described by Kim et al.,(2013)

followed by miseq Illumina sequencing. The quality control and the trimming used

fastQC/v0.11.2 and Sickle/v1.33 (threshold of l=100 bps and q=20bps). The k-mer analysis was

done using Kmergenie/v1.7044 while denovo assembly used Ray/v2.3.1 The taxonomic

annotation was done using the Contig Annotation Tool pipeline utilizing the (Prokka) described

by Seemann (2014). The antimicrobial resistance genes were identified using the Abricate

(https://github.com/tseemann/abricate).

https://github.com/tseemann/abricate
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Results

In all the sites, the ResFinder tool in the Abricate dataset identified the acquired antimicrobial

resistance genes in the GenBank. Table 1 shows the resistance genes identified using ResFinder

for all the contigs representing the isolates identified in the feces collected at the station and

smallholder farms. Our results showed high prevalence of the tetracycline, streptomycin,

sulfamethoxazole, and chloramphenicol resistance genes across all the smallholder farms. Table

2 shows the drug resistant bacteria of economic importance to the dairy industry identified by

assessing the accession number at the GenBank. The Campylobacter fetus fetus was identified as

the multi-drug resistant bacteria conferring resistance to tetracycline and streptomycin drugs.

Table 1. Number of contigs with Antimicrobial Resistance Genes identified in the feces of cows

kept at the station (University of Nairobi- UoN) and smallholder (Lushoto and Rungwe) farms

Antimicrobial
drug

Genes Number of Contigs
(counts)

UoN Lushoto Rungwe
Tetracycline tet(32),tet(34),tet(35),tet(36),tet(37),

tet(40),tet(44),tetA(P),tet(A),tet(C),tet(G),
tet(H),tet(O),tet(Q),tet(S),tet(X), tet(W)

56 64 89

Beta-Lactam blaACC-1,blaACC-2,blaBES-1, blaCMY-
19, blaCMY-110, blaFAR-1, blaGOB-17,
blaOXA-2, blaOXA-50, blaOXA-141,
blaOXA-164,blaOXA-209, blaOXA-347,
blaPAO, blaRHN-1, blaTEM-102,
blaTEM-111, cfxA, cfxA2, cfxA3,cfxA6

24 18 25

Streptomycin StrA, StrB , ant(6)-Ib, aadA17, aadE,
aadK

- 80 73

Sulfamethoxazole Sul1, Sul2 - 37 35
Quinolone QnrB4, qepA, oqxB - 35 33
Chloramphenicol CatA, CatB, cmlA, floR - 27 25
Streptomycin and
spectinomycin 

aadA1, aadA2,aadA4, aadA6 - 11 9

Vancomycin VanG, VanR-D, VanR-F, VanR-G,VanS-G,
VanY-Pt, vat(B), vat(E)

1 5 3

Trimethoprim dfrB1, dfrG - 4 4
Lincomycin Lnu(C) 5 - 1
Gentamicin aac(6')-aph(2'') 2 1 2
Neomycin aph(3')-Ia, aph(3')-Ic - 3 2
Erythromycin Ere(A), erm(F) - 2 2



4

Oxazolidinone
and phenicols

optrA - 1 1

Table 2. Drug resistant bacterial pathogens of economic importance (including zoonotic)

identified in feces of cows kept at station (University of Nairobi- UoN) and smallholder (Lushoto

and Rungwe) farms

Bacterial family Bacterial species Feces Accession
number

UoN Lushoto Rungwe
Enterobacteriaceae Escherichia coli - + + AY224815

Salmonella
enterica

- + + AY963803

Klebsiella
pneumoniae

- + + AB194410

Streptococcaceae Streptococcus
agalactiae

+ + + AY928180

Streptococcus
pyogenes

+ + + AF227521

Campylobacteriaceae Campylobacter
fetus

+ + + FN594949

Campylobacter
jejuni

- + + KF652095

Staphylococcaceae Staphylococcus
aureus

- + + AJ579365

Staphylococcus
scriuri

- - + U194559

Enterococcaceae Enterococcus
faecium

+ - + KF421157

Clostridiaceae Clostridium
perfringens

- - + L20800

Prevotellaceae Prevotella
ruminicola

+ + + L33696

Discussion

The commonly identified AMR at the UoN farm were tetracycline resistance genes (tet(32),

tet(40), tet(44), tet(O), tet(Q), tet(W)) followed by beta-lactamase resistance genes (cfxA_1,

cfxA2_1,cfxA3_1,cfxA6_1). The high prevalence of the bacterial pathogens in the feces collected

from the same cow indicates that most bacterial pathogens colonize the important sections of

Gastro-Intestinal Tract (GIT) of the animal such as Colon, Cecum, Ileum, and Jejunum. The

smallholder farms were dominated by bacteria showing resistance to tetracycline ((tet(32),

tet(34), tet(36), tet(40), tet(40), tet(44), tet(A), tet(C), tet(G), tet(O), tet(Q), tet(S), tet(X), tet(W
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),) streptomycin (StrA, StrB, aac(6´)-aph(2´´), ant(6)-Ib, aadA17, aadE, aadK), quinolones

(QnrB4, optA, qepA), and sulfamethoxazole (Sul1,Sul2) drugs. Bacteria having tetracycline and

beta lactam genes were present both in the station farm and smallholder farms (Table 1), an

indication that these drugs were the most commonly used in the prophylaxis and treatment of

animals. The high prevalence of AMR at the smallholder farms compared to the station farm

could be due to the farmers using the non-prescription drugs and not keeping treatment records

about animals. AMR Campylobacter fetus, Prevotella ruminicola, Streptococcus agalactiae, and

Streptococcus pyogenes were present in all the sampled farms (Table 2). The zoonotic AMR

Campylobacter jejuni was present only in the smallholder farms. Additionally, there is a high

prevalence of chloramphenicol resistance for the isolates in the smallholder farms. Due to the

use of non-prescription drugs, the isolates developed resistance to the chloramphenicol

antimicrobial agents which have been forbidden from many years ago in the treatment of sick

animals in dairy farms (Jiang and Zhang, 2013). Schwartz (2003) reported that the high usage of

those antibiotics in the treatment of diseases caused by bacteria lead to increased number of

multi-drug resistant bacteria. The most prevalent resistant antibiotic detected in this study

particularly at the smallholder farms was tetracycline.
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