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Abstract

Foodborne diseases are a challenge for both developed and developing countries. Escherichia coli, Salmonella and Campylobacter 
jejuni are among the commonest causes of foodborne diseases. Dairy cattle are common carriers of important foodborne pathogens. 
The high prevalence of microbial infections is escalating antimicrobial usage in human health and for growth promotion and prophy-
laxis in animal health. Overuse of antimicrobials is increasing antimicrobial residue levels in foods of animal origin and accelerating 
antimicrobial resistance. The study collected 184 samples from 33 dairy farms to assess prevalence and AMR. Sample inoculation for 
bacterial isolation was by agar surface streaking method and broth dilution. Escherichia coli was isolated on Chromogenic Coliform 
agar at 37°C for 24 hour forming dark blue colonies confirmed by Indole, Methyl Red, Voges-Proskauer and Citrate biochemical tests. 
Escherichia coli antimicrobial susceptibility testing was by single disc diffusion method against eight standard antibiotics. Sensitive, 
Intermediate and Resistant system was used for reporting antimicrobial susceptibility testing results. Escherichia coli was isolated 
in 21.7% samples, Campylobacter jejuni and Salmonella were absent. Escherichia coli was isolated in fecal samples from 48.5% of 
study farms, 56.9% of fecal and 4.8% of water samples and not isolated in all milk samples tested. All Escherichia coli isolates were 
susceptible to gentamycin, ciprofloxacin, cefoxitin and cefotaxime but 9 were resistant to ampicillin, oxacillin, ceftazidime and cef-
triaxone, produced 4 penicillinase and 1 beta-lactamase while 4 didn’t exhibit any specific resistance mechanism. Aminoglycosides, 
quinolones and furans showed no resistance. When stratified by sample, 7 fecal Escherichia coli isolates showed resistance compared 
to 2 water isolates. All fecal and water isolates were resistant to oxacillin. Majority of Beta-lactamase and penicillinase producing 
isolates were from fecal samples. Oxacillin was widely resisted hence it should not be used in routine treatment of bacterial infections 
to avoid treatment failures. All Escherichia coli isolates were susceptible to gentamycin, ciprofloxacin, cefoxitin and cefotaxime, 9 
were resistant to ampicillin, oxacillin, ceftazidime and ceftriaxone, produced 4 penicillinase and 1 beta-lactamase. Aminoglycosides, 
quinolones and furans showed no resistance. There is need to conduct continuous professional development training programmes 
for veterinarians and veterinary paraprofessionals to promote prudent use of antimicrobials. Access and use of gentamycin, cipro-
floxacin, cefoxitin and cefotaxime by dairy farmers and unqualified people should be restricted to prevent or delay resistance.
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Introduction
Foodborne diseases (FBDs) are a challenge for both developed 

and developing countries [2] and are a leading cause of illness and 
death in developing countries [7]. Bacteria such as Escherichia coli 
(E. coli), Salmonella and Campylobacter jenuni (C. jenuni) are among 
the commonest causes of gastrointestinal diseases in sub-Saharan 
Africa [3] and have been associated with foodborne diseases [23]. 
Dairy cattle are common carriers of these important foodborne 
pathogens [11,12,19]. The environmental load of Campylobacter in 
cattle manure is as important as the consumption of raw or unpas-
teurized milk [5]. 

The increasing prevalence of microbial infections is escalating 
the use of antimicrobial agents in human and animal health. In ad-
dition, modern food production such as dairy farming encourages 
use of large quantities of antimicrobial agents for growth promo-
tion and prophylaxis [5,17,22]. Over reliance on antimicrobial 
agents is accelerating the levels of antimicrobial residues in foods 
of animal origin and the emergence of antimicrobial resistance. The 
presence of high levels of antimicrobial residues in animal source 
foods such as milk undermine food safety and the consequent anti-
microbial resistance (AMR) is an emerging challenge in developing 
countries [6]. Antimicrobial resistance increases healthcare expen-
ditures in human and animal health care besides morbidity and 
mortality [1,24]. 

 This study assessed the prevalence, antimicrobial susceptibil-
ity (AS) and resistance profiles of important foodborne pathogens 
namely Campylobacter jejuni, Escherichia coli and Salmonella in 
selected peri-urban dairy farms. The findings have public health 
implications and will aid formulation of policies to guide dairy 
farmers on the prudent use of antimicrobial agents [8,16] so as to 
prevent antimicrobial resistance. 

Materials and Methods
Institutional review board approval

The study protocol was reviewed and granted a waiver by the 

research ethics and animal use committee at the College of Veteri-
nary Medicine, Animal Resources and Biosecurity, Makerere Uni-
versity. The researchers explained the purpose and design of the 
study to all the owners of selected dairy farms and they gave their 
informed consent before participating in the study. The study did 
not involve use of experimental animals. 

 Study design and data collection

Repeated cross-sectional studies were conducted over a period 
of one year from June 2018 to June 2019. Samples were collected 
from 33 dairy farms in nine parishes (Bulijjo, Ddundu, Kabembe, 
Kiyonga, Kyampisi, Nanga, Namengo and Namuyenje from three 
Sub-counties (Kimenyede, Kyampisi and Nakisunga), Mukono dis-
trict. A total of 184 samples were collected comprising milk (57), 
fecal (65), and environmental (62) samples. Approximately 60 ml 
of a pooled milk sample was aseptically collected from all the four 
quarters of the udder of each lactating cow into 100 ml sterile sam-
ple collection bottles. The fecal and other environmental samples 
were also aseptically collected into sterile 50 ml stool collection 
bottles and 500 ml Ziploc bags (Nunc, UK) respectively. All the sam-
ples were transported in a cooler box to the Microbiology Labora-
tory at the College of Veterinary Medicine, Animal Resources and 
Biosecurity, Makerere University within 4 hours of collection and 
immediately processed upon delivery or stored in a refrigerator in 
case of delay in processing. 

Laboratory analysis

Samples were received, recorded and given laboratory identi-
fication codes before processing. Sample inoculation for bacterial 
isolation was by the agar surface streaking method and broth dilu-
tion. The controls used included Campylobacter jejuni ATCC 29428, 
E.coli ATCC 25922 and Salmonella ATCC 13076. Escherichia coli 
was isolated on Chromogenic Coliform agar (Oxoid, UK) at 37°C for 
24 hour, forming characteristic dark blue colonies. Other coliforms 
were pink on the same medium. 

Confirmatory identification was by the Indole, Methyl Red, Vo-
ges-Proskauer and Citrate (IMViC) biochemical tests. Escherichia 
coli isolates were Indole and Methyl red positive, but VP and Citrate 
negative. Escherichia coli isolates were tested for antimicrobial 
susceptibility (AS) using the single disc diffusion method [10,20] 
against eight standard antibiotics including: gentamycin, ciproflox-
acin, ampicillin, oxacillin, cefoxitin, Cefotaxime, Ceftazidime and 
Ceftriaxone (Liofilchem, Italy). 
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The antibiotic susceptibility test (AST) results were interpreted 
and reported as either sensitive (S), intermediate (I) or resistant 
(R) according to the CLSI/NCCLS (2005) interpretive chart (SIR 
system). Table 1 provides a summary of the detection and confir-
matory methods used in the study.

Target  
Bacteria Method Confirmation

E. coli
Agar streaking 

(Quadrant)

Indole, Voges Proskauer, 
Methyl red and Citrate 

utilization

Salmonella spp.
Pre-enrichment, 
enrichment and 

Surface streaking

TSI, Urease production and 
Citrate utilization

Campylobacter 
jejuni

Pre-enrichment, 
enrichment and 

surface streaking

Gram staining, Oxidase test, 
Motility testing and Hip-

purate hydrolysis

Table 1: Detection and confirmatory methods used in the study.

Results and Discussion 
Background information and demographics 

Out of 186 samples collected from 33 study farms, only E. coli 
was isolated in 40 (21.7%) samples. Campylobacter jejuni and Sal-
monella were absent. That is, were not isolated from any of the 
samples tested. Escherichia coli was isolated in 56.9% (37/65) of 
fecal and 4.8% (3/62) of water samples (Table 2). E. coli was not 
isolated in all the 57 milk samples tested. Out of the 33 study farms, 
16 (48.5%) had E. coli isolated from fecal samples. One farm had E. 
coli isolated from both fecal and water samples. Dundu parish had 
the highest number of isolates, while the least number of isolates 
were recoded from Kiyonga parish (Table 2).

Sub-county -N-
#positive 

(%)

#Fecal 
sample 

(%)

#Milk 
sample 

(%)

#water 
sample 

(%)

p-
value

Kimenyede 90 30 (33.3) 10 (33.3) 10 (33.3) 10 (15.9) 1.00
Kyampisi 390 115 (29.5) 45 (39.1) 32 (27.8) 45 (71.4) 0.46
Nakisunga 78 26 (33.3) 10 (38.5) 8 (30.8) 8 (12.7) 1.00
Total 558 171 (30.7) 65 (38.0) 50 (29.2) 56 (32.7)

Table 2: Prevalence of Escherichia coli in the milk, fecal and  
environmental samples tested.

Kawungu parish had the highest E. coli prevalence 60% (18/30) 
in Kimenyede Sub-county, Ddundu parish had the highest E. coli 

prevalence 45% (52/115) in Kyampisi Sub-county while Namuy-
enje was the only parish studied from Nakisunga (Table 3).

Sample
Sub-county 
(E. coli  
positive)

Parish -n- p (%) Feces Milk Water p-
value

Kimenyede 
(30)

Kawun-
gu 54 18 

(60.0) 6 (33.3) 6 
(33.3)

6 
(33.3) 1.00

Nanga 36 12 
(40.0) 4 (33.3) 4 

(33.3)
4 

(33.3) 1.00

Kyampisi 
(115)

Bulijjo 72 24 
(20.9) 8 (33.3) 8 

(33.3)
8 

(33.3) 1.00

Ddundu 156 52 
(45.2)

19 
(36.5)

14 
(26.9)

19 
(36.5) 1.00

Kabembe 36 12 
(10.4) 4 (33.3) 4 

(33.3)
4 

(33.3) 1.00

Kiyonga 18 6 (5.2) 2 (33.3) 2 
(33.3)

2 
(33.3) 1.00

Kyampisi 108 21 
(18.3)

12 
(57.1)

4 
(19.1)

5 
(23.8) 0.03

Nakisunga 
(26)

Namuy-
enje 78 26 

(100.0)
10 

(38.5)
8 

(30.8)
8 

(30.8) 1.00

Table 3: Prevalence of Escherichia coli in study dairy farms by 
parish.

 The study area was peri-urban, every household had access to 
a pit latrine or flash toilet and is socio-culturally known to discour-
age open defecation which probably explains the absence of Cam-
pylobacter jejuni and Salmonella. All the forty E. coli isolates were 
susceptible to gentamycin, ciprofloxacin, cefoxitin and cefotaxime 
indicating that these antimicrobial agents are still effective for 
treating E. coli related infections hence should be used judiciously 
to prevent or delay resistance.

 Antimicrobial susceptibility (AST) of Escherichia coli isolates

Overall, 12.58% of the isolates were resistant to Oxacillin fol-
lowed by Ampicillin at 2.2%. Only 0.31% of the isolates were resis-
tant to Ceftazidime and Ceftriaxone (Figure 1). Isolates from fecal 
samples were generally more resistant compared to those isolated 
from water samples (Figure 2).

Resistance and susceptibility pattern of Escherichia coli iso-
lates detected by VITEK 2 AES

Nine (9) E. coli isolates showed resistance to ampicillin, oxacil-
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Figure 1: Overall susceptibility testing among E. coli isolates 
obtained from dairy farms in Mukono district.

Figure 2: Stratified susceptibility testing among E. coli isolates 
obtained from dairy farms in Mukono district.

lin, ceftazidime and ceftriaxone, with four (4) exhibiting penicillin-
ase producing potential, one (1) producing beta lactamase enzyme, 
while four (4) didn’t exhibit any specific mechanism of resistance. 
There was no resistance exhibited against aminoglycosides, quino-
lones, and furans (Figure 3). When stratification by sample i.e. fecal 
and water was done, seven (7) E. coli isolates from fecal samples 
showed resistance to the test antibiotics compared to only two (2) 
from water samples that showed resistance. Majority of Beta lacta-
mase and penicillinase producing isolates were from fecal samples.

 Foodborne bacterial pathogens, opportunistic pathogens and 
commensals such as Escherichia coli like other bacteria are capable 

Figure 3: Susceptibility pattern of E. coli by class of study  
antibiotics: Overall.

Figure 4: Susceptibility pattern of E. coli by class of study  
antibiotics: stratified.

of developing antimicrobial resistance [21]. The findings from this 
study are important and are of value to efforts towards improving 
public health by preventing antimicrobial resistance. Even com-
mensal bacteria in food producing animals are considered an im-
portant reservoir of antibiotic resistance genes [13]. Additionally, 
increases in antimicrobial resistance in E. coli have been paralleled 
by an increasing incidence of E. coli - associated sepsis suggesting a 
possible link between resistance and virulence [9]. 

Humans can become infected by antimicrobial resistant E. coli 
of animal origin which may cause infections in humans with lim-
ited therapeutic options resulting into consequences such as treat-
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ment failure besides donating antimicrobial resistance genes to 
other pathogenic E. coli strains. In humans, E. coli may cause sev-
eral infections including gastrointestinal tract disorders like diar-
rhea, urinary tract infections, meningitis, peritonitis, septicemia 
and gram-negative bacterial pneumonia [4].

The six isolates that were resistant to both ampicillin (15%) and 
oxacillin (92.5%) agree with the earlier findings [14,15] that multi-
drug antimicrobial resistance in Africa is growing. All the isolates, 
whether isolated from fecal or water samples were resistant to oxa-
cillin hence use of this agent is likely to result into treatment fail-
ure. Therefore, oxacillin and ampicillin should not be considered 
drugs of choice for treating microbial infections particularly oxacil-
lin to which the isolates showed very high resistance. 

All E. coli isolates showed very high resistance towards oxacillin 
while all the forty E. coli isolates were susceptible to gentamycin, 
ciproflaxacin, cefoxitin and cefotaxime. Oxacillin was widely resist-
ed hence using it in routine treatment of bacterial infections is like-
ly to result into treatment failure. On the other hand, gentamycin, 
ciproflaxacin, cefoxitin and cefotaxime were still very effective indi-
cating that these antimicrobial agents are still effective for treating 
E.coli and other bacterial infections and can still serve the purpose 
in future if they are used prudently to avoid or prevent emergence 
of antimicrobial resistance thus should be used judiciously to pre-
vent or delay resistance. 

Use of antimicrobials in animal production should be restricted 
globally. Producers should invest in measures involving biosecuri-
ty, genetics, health care and farm management, animal welfare and 
nutrition to prevent diseases and minimize the use of antimicrobi-
als [18].

Conclusion
Escherichia coli demonstrated very high resistance towards 

oxacillin. Hence use of oxacillin for routine clinical treatment of 
bacterial infections should be discouraged to avoid treatment fail-
ure. Continuing Professional Development (CPD) Educational pro-
grammes should be implemented for Veterinarians and Veterinary 
Para-professionals (VPPs) to promote prudent use of antimicrobial 
agents. The government of Uganda should restrict access and use 
of gentamycin, ciprofloxacin, cefoxitin and cefotaxime by the farm-
ers to prevent resistance to these antibiotics that are still effective 
for treating bacterial infections. 
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