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Abstract

The emergence of antibiotic resistance in microorganisms and the presence of such isolates in milk pose a great risk to public
health. Therefore, this study aims to determine the antibiotic susceptibility pattern of Escherichia coli and Staphylococcus aureus
isolated from milk and assess the microbial quality of milk. For this, a total of 70 milk samples were collected and the total
bacterial count (TBC) was determined. E. coli and S. aureus were isolated using their respective selective media while antibiotic
susceptibility testing was carried out by Kirby Bauer Disc Diffusion method. The TBC showed that the raw milk samples
contained two-fold higher microbial load while the pasteurized milk samples contained four-fold higher microbial loads than
the standard guidelines. A total of 62 isolates were identified from culture-positive milk samples of which 32 were E. coli and
30 were S. aureus. A significant correlation was observed between microbial load and the organism isolated (r = 0.339, p<0.01).
All S. aureus isolates were susceptible to Chloramphenicol while 40% were resistant to Cefoxitin, indicating the presence of
Methicillin resistant S. aureus (MRSA). Also, 12 multidrug resistant (MDR) S. aureus were identified. While for E. coli, all were
susceptible to Chloramphenicol but resistant to Ampicillin. Also, 9 MDR E. coli were detected. Higher resistance was observed
among isolates from the raw milk samples than the pasteurized milk. It can be concluded that the milk produced by small-
scale farms and dairy industries of Kathmandu district are of poor quality. Hence, routine microbial quality assessment and
antimicrobial resistance monitoring should be followed to safeguard public health.

Keywords: Antibiotic resistance, Milk-borne infection, Multidrug resistance, E. coli, S. aureus, Total bacterial count, MRSA

=4 Corresponding author, email: suchitrathapa69@gmail.com

Introduction

Milk, a daily diet requirement of people, can become
microbiologically hazardous to consumers when the
principles of hygiene and sanitation are not met. Such
conditions may become a vehicle for transmission of
food-borne infections [1]. Among all microorganism,
Escherichia coli and Staphylococcus aureus are the most
common food contaminants [1]; and in recent years, both
are observed to cause a number of significant illnesses in
animals and humans [2]. S. aureus is specifically a
versatile pathogen capable of causing numerous diseases
in humans [2]. In addition, it is also a major causative
pathogen of clinical or subclinical mastitis of dairy
animals [1]. Further, MRSA together with Extended
Spectrum [-Lactamase (ESBL) producing E. coli, are
considered as serious threats to human health [3].
Therefore, the relative importance of these pathogens
along with other pathogenic microorganisms in milk is
inevitable. But the lack of awareness about milk-borne
countries and

infections in many developing

consumption of contaminated milk predisposes
consumers at risk of contracting infections with these

pathogens [4].
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Antibiotics are essential to treat infections caused by
pathogenic bacteria, both in humans and animals.
However, their overuse and misuse in veterinary and
human medicine has been linked to the emergence and
spread of resistant bacteria, rendering the treatment of
infectious diseases ineffective in animals and humans.
And, now antimicrobial resistance is one of the main
threats to modern medicine [5]. Further, the escalating
prevalence of antimicrobial resistance among foodborne
pathogens [6, 7] has exaggerated the public health
hazards including milk-borne infections. Available
studies around the world have reported about the
presence of multidrug resistant E. coli [8], ESBL [9, 10],
toxin-producing S. aureus [11] along with MRSA strains
[7, 11] in milk samples but in the case of Nepal very less
studies are found on antibiotic resistance of milk isolates.
Therefore, it is necessary to know the microbial quality of
marketed milk and understand the recent trend of
antimicrobial resistance among milk pathogens so as to
properly diagnose and treat the infection. This study was
conducted to determine the current trend of antibiotic
resistance of E. coli and S. aureus isolated from milk and
assess the microbial quality of milk sold in Kathmandu
district.
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Materials and Methods

Sampling site and sample
A total of 70 milk samples were tested in this study. Forty

raw milk samples (30 ml each) from 4 different
municipalities of Kathmandu district (Kageshwori-
Manohara, Chandragiri, Tarkeshwor and Dakshinkali
Municipality) were collected in a sterile screw capped
bottle and transported to laboratory in an icebox within 2
hours. Further, 30 pasteurized milk pack (500ml) was
bought from local vendors from the same municipalities.
The collection of the sample was done from December
2018 to March 2019 in compliance with the guidelines
stated in Bacteriological Analytical Manual [12].

Total bacterial count of milk samples
The collected milk samples were serially diluted up to

108 dilution. The bacterial count was determined by
culturing the serially diluted milk samples. Conventional
pour plate technique was employed for culturing the
diluted milk samples [13].

Isolation and identification of E. coli and S.

aureus
Isolation of E. coli and S. aureus was done by enrichment

in buffered peptone water and cultured in EMB (Eosin
Methylene Blue) and MSA (Mannitol Salt Agar) media
respectively [14]. The distinct colonies were identified
and confirmed by following their respective biochemical
characteristics [13].

Antibiotic susceptibility testing of milk

isolates
Isolates of E. coli and S. aureus were subjected to antibiotic

susceptibility testing using Kirby Bauer disk diffusion
method as recommended by CLSI [15]. The antibiotics
used for E. coli were Ampicillin (10pg), Chloramphenicol
(30ug), Ciprofloxacin (5ug), Nalidixic acid (30pg),
Tetracycline (30png) and Ceftriaxone (5ug); and for S.

(30ug), Gug),
(30ng), Ceftriaxone and
Ciprofloxacin (5pg) were used.

aureus, Cefoxitin Tetracycline

Chloramphenicol (30ng)

Data analysis
The data was initially entered in MS Excel and exported

to SPSS. The frequency distribution, normal distribution
testing, variance analysis and correlation were done
using SPSS (version 20). The significance was measured
at both 95% and 99% confidence interval. The resistance
profile was analyzed using WHONET2019 (32-bit version
19.13.21) and the outcome was interpreted accordingly.
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Results

Microbial load of milk samples
The TBC of raw milk ranged from 0.31x10> CFU/ml to

1000%105 CFU/ml with mean TBC of 8.13x10¢ CFU/ml
(S.D = 18.9x 10¢). Likewise, the TBC of pasteurized milk
ranged from 0.35x103 CFU/ml to 1600x10° CFU/ml with
mean TBC of 14.25x10* CFU/ml (S.D = 29.71 x 10%).
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Figure 1. Quality of milk samples according to BIS
standard guideline.

For raw milk, the TBC exceeding 50x10°> CFU/ml
is graded as poor while below it is graded either fair,
good and very good according to Bureau of Indian
Standards (BIS) [16] and are considered within safe
limit. Following this Standard, among the total raw
milk samples 14 samples were observed to fall under
"very good" grading, 6 under "good" grading, 10 under
"fair" grading and rest 10 under "poor" grading.
In case of pasteurized milk, 9 samples had TBC below
3x10* CFU/ml and 21 samples had higher than that. The
distribution of milk samples in terms of their standard
limit of TBC is given in Figure 1. Statistically, a highly
significant difference was observed in the distribution of
TBC across the
(p<0.01).

raw and pasteurized milk sample

Prevalence of E. coli and S. aureus in Milk

E. coli and S. aureus were isolated from raw and
pasteurized milk samples using selective media (Figure
3A and 3B). Out of 70 samples, 46 (65.71%) samples
showed culture positivity towards E. coli or S. aureus or
to both. The percentage distribution of organisms among
the raw and pasteurized milk sample is given in Figure
2. It was observed that the distribution of microbial count
is not the same across culture positivity (p<0.05) and
isolated organism (p<0.01).

A total of 32 E. coli isolates were subjected to antibiotic
susceptibility test using Ciprofloxacin, Ceftriaxone,
Nalidixic acid

Chloramphenicol, and Ampicillin

antibiotic disc.
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Table 1 Antibiotic resistance profile of E. coli (n=4)

Rai et al.

Milk sample type Resistance antibiotics Number of E. coli ~ Importance Resistance  Priority Inference

Raw milk AMPRNARCTRR 1 Yes® Medium*  Possible ESBL
Pasteurized milk ~ AMPRTERNARCTRR 2 Yes® Medium*  Possible ESBL
Raw milk AMPRTER CIPRCTRR 1 Yes Medium*®  Possible ESBL

* According to the WHONET 2020 software interpretation

Legends: AMP-Ampicillin, NA-Nalidixic acid, CTR- Ceftriaxone, TE-Tetracycline, CIP-Ciprofloxacin
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Figure 2. Distribution of E. coli and S. aureus in the milk sample
(n=46)

Figure 3A: E. coli Culture on EMB media plate and 3B: S.
aureus culture on MSA media plate

Antibiogram of E. coli

All the isolates showed 100% susceptibility towards
Chloramphenicol while none of the isolates showed
susceptibility towards Ampicillin. Also, the susceptibility
for Ciprofloxacin, Ceftriaxone, Tetracycline and Nalidixic
acid were 96.88%, 875%, 81.25% and 7813%,
respectively. Of the 9 MDR E. coli identified, 4 isolates of
important antibiotic resistance was recognized through
antibiogram analysis. A detail resistance profile of these
isolates is provided in Table 1.

Antibiogram of S. aureus
A total of 30 S. aureus isolates were subjected to antibiotic

susceptibility test using Cefoxitin, Ciprofloxacin,
Ceftriaxone, Chloramphenicol and Nalidixic acid
antibiotic disc. All the isolates showed 100%

susceptibility towards Chloramphenicol, while the
susceptibility for Tetracycline, Ciprofloxacin, Cefoxitin
and Ceftriaxone were 93.33%, 70%, 60% and 30%,
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respectively. A total of 12 MDR S. aureus (40%) were
identified and they were confirmed as MRSA due to their
resistance towards Cefoxitin. A detail resistance profile of
important isolates of S. aureus is provided in Table 2.

Table 2 Antibiotic resistance profile of S. aureus (n=12)

Milk sample Resistance No of Importance Priorit
type antibiotics  S.aureus Resistance Y
Raw milk CIPR CXR 2 Yes* Medium*
Raw milk CTRRCXR 6 Yes* Medium*
. CTRRCXR . e
Raw milk TER 1 Yes Medium
. CTRRCXR . .
Raw milk CIPR 1 Yes Medium
Pasteurized CTRRCXR . .
milk CIPR 2 Yes Medium

* According to the WHONET 2020 software interpretation
Legends: CX-Cefoxitin, CTR- Ceftriaxone, TE-Tetracycline,
CIP-Ciprofloxacin

Discussion

This study, which examined milk samples from four
different municipality of Kathmandu districts, showed
high significance (p<0.01) in the distribution of microbial
load among the raw and pasteurized milk samples. This
significance may comply with the fact that pasteurized
milks are heat treated and ought to have lower microbial
load. However, the majority of pasteurized milk samples
(70%) were below the standard recommended guidelines
of Indian standards [16] compared to raw milk (25%)
(Figure 1). Also, the raw milk samples showed two-fold
higher microbial load than the recommended value of BIS
while pasteurized milk showed four-fold higher
microbial load than the standard recommended value of
BIS. This indicates that the pasteurized milk samples in
our study were of bad quality. Such results of high
microbial load may be due to inefficient pasteurization,
poor packaging material and pipeline, post
pasteurization contaminants, presence of heat resistant
bacteria, poor air and storage condition, etc. However, as
both harmful and beneficial microbes can reside in milk
and higher microbial load does not necessarily indicate
the exact type of microbes present in the milk, it may not
be appropriate to gauge the quality of milk solely based
on microbial load unless each of the microbial strain in
the milk are identified. The quality issue aside,
apparently similar prevalence of higher microbial load in

pasteurized milk in Kathmandu was documented in a
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study conducted by Acharya et al. (2017) [17]. Even the
DFTQC, Nepal reported the higher rate of non-
compliance among milk and milk product in the annual
bulletin of 2019 [18]. The presence of microbes in high
number in treated milk sample is a risk to the consumers
as the microbes present may be pathogenic strains.

In this study, almost half of the milk sample showed the
presence of E. coli (45.71%) and similar results were
reported in other studies [8, 19]. Also, a study conducted
by Arjyal et al. (2004), has reported E. coli prevalence rate
as high as 92% [20]. Understandably, E. coli is a
commensal their
pathogenic strains are associated with a range of illness

enteric microorganism; yet, as
in animal and humans especially the toxin producers
(Shiga toxin-producing E.coli) and thus their presence in
milk should not be overlooked. In case of S.aureus, their
presence in milk is of greater concern as they also
produce heat-stable toxin which causes food poisoning
[1]. The finding in this study related to S. aureus - almost
half of the milk sample (42.86%) had the presence of S.
aureus -is comparable to the results of several studies
conducted in Nepal [20, 21] as well as in the rest of the
world [22, 23, 24]. Statistically, a significant positive
correlation (p<0.05) was observed in the distribution
pattern of TBC across the culture; it signifies that the
microbial load affects the presence of E. coli or S. aureus
and vice versa. Similar correlation but with higher
significance (p<0.01) was observed among microbial load
and the type of organism which suggests that the
microbial load affects the type of organism present in the
sample and vice versa. This justifies the existence of
higher prevalence of S. aureus (90%) and E. coli (65.63%)
in raw milk as they have higher microbial load (Figure 2).
Regarding the antibiotic susceptibility test of E. coli and
S. aureus, the result showed an emerging antibiotic
resistance among both isolates. All the E. coli isolates in
this study were resistant to Ampicillin which was in
compliance with the findings of Badri et al. (2017) [9] and
Singh et al. (2018) [25]. Besides ampicillin resistance, the
results revealed higher resistance among E. coli towards
Nalidixic
Ciprofloxacin in descending order. Even though XDR

acid, Tetracycline, Ceftriaxone and
was not detected, 9 MDR was present and their
antibiogram analysis indicated that 4 out of 9 isolates
were important resistance of medium priority (Table 1).
Such presence of MDR in milk samples were also
reported in similar studies [8, 10]. This presence of MDR
is of greater concern to public health and indicates an
alarming situation.

While in case of S. aureus, the resistance was higher for

most of the antibiotics except for Chloramphenicol. Such
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full susceptibility was also reported in various other
milk [22, 17].
Chloramphenicol susceptibility, the results revealed

studies  of samples Besides
higher resistance among S. aureus towards Ceftriaxone,
Cefoxitin, Ciprofloxacin and Tetracycline in descending
order. Further, 12 MDR (40%) were detected which were
MRSA as well, and their antibiogram analysis indicated
that these are important resistance of medium priority
(Table 2). Several other studies have also reported the
higher prevalence of MDR [7, 11, 26] and MRSA [7, 11,
17]. Simultaneous presence of MDR in MRSA reported in
this study also resembled the study of Aliyu et al. (2020)
[27]. This result indicates an emerging trend of
antimicrobial resistance among S. aureus.

This emerging antibiotic resistance among both E. coli
and S. aureus isolates was observed in higher number in
raw milk sample compared to pasteurized milk sample.
Also, the multidrug resistant isolate was found to be
higher in raw milk than pasteurized milk. Since the
exposure to environment is more in raw milk compared
to pasteurized milk, the chances of resistant isolates
finding its way to raw milk is more likely. Further the
extensive misuse of antibiotics for the treatment of farm
animals may have created selective pressure and resulted
in the survival and persistence of resistant isolates. This
emerging resistance may lead to treatment failure of the
last resort drug. Thus, routine monitoring of resistant
profile of milk pathogens should be implemented in
order to properly diagnose and treat milk-borne
infections effectively, along with the assessment of
microbial quality of milk with the purpose of
safeguarding the public health.

Conclusion

To conclude, the resistance towards common
antimicrobials is emerging among milk isolates and
infections by these isolates pose a serious threat to animal
and public health. Therefore, regular monitoring
programs, good farming practice training, improved
standard guidelines, antibiotic surveillance program on
food isolates and rational use of antibiotics are needed to
improve sustainable food production and avoid the

emergence of antibiotic-resistant strains.
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