Veterinary World, EISSN: 2231-0916 RESEARCH ARTICLE
Available at www.veterinaryworld.org/Vol.17/May-2024/26.pdf Open Access

Antimicrobial susceptibility profile of Klebsiella pneumoniae isolated
from some dairy products in Libya as a foodborne pathogen

Salah M. Azwait "2, Aml F. Lawila?", Hanan L. Eshamah3‘¥, Jihan A. Sherif®"2, Samira A. Farag®”, Hesham T. Naas® ¥,
Aboubaker M. Garbaj* ", Allaaeddin A. El Salabi*", Fatim T. Gammoudi' “, and Ibrahim M. Eldaghayes*

1. Department of Microbiology and Parasitology, Faculty of Veterinary Medicine, University of Tripoli, Tripoli, Libya;

2. Food and Drug Control Center, Tripoli, Libya; 3. Department of Food Hygiene and Control, Faculty of Veterinary
Medicine, University of Tripoli, Tripoli, Libya; 4. Department of Public Health, Faculty of Medical Technology,
University of Tripoli, Tripoli, Libya.

Corresponding Author: Ibrahim M. Eldaghayes, e-mail: ibrahim.eldaghayes@vetmed.edu.ly
Co-authors: SMA: sazwai@yahoo.com, AFL: amal_vet@yahoo.com, HLE: hananeshamah@yahoo.com,

JAS: jihan.ali23@yahoo.com, SAF: mees201478@gmail.com, HTN: naashesham@ymail.com, AMG: agarbaj@yahoo.com,
AAE: a.el_salabi@uot.edu.ly, FTG: fgammoudi@yahoo.com
Received: 04-03-2024, Accepted: 30-04-2024, Published online: 22-05-2024

doi: www.doi.org/10.14202/vetworld.2024.1168-1176 How to cite this article: Azwai SM, Lawila AF, Eshamah HL,
Sherif JA, Farag SA, Naas HT, Garbaj AM, El Salabi AA, Gammoudi FT, and Eldaghayes IM (2024) Antimicrobial
susceptibility profile of Klebsiella pneumoniae isolated from some dairy products in Libya as a foodborne pathogen,
Veterinary World, 17(5): 1168-1176.

Abstract

Background and Aim: Klebsiella pneumoniae is one of the most common causes of clinical and asymptomatic mastitis
in dairy cattle, as well as in milk and dairy products that affect milk quality. Mastitis caused by K. pneumoniae is even
more serious due to its poor response to antibiotic therapy. The aim of this study was to detect and identify the presence of
K. pneumoniae in milk and dairy products produced in Libya.

Materials and Methods: A total of 234 samples were randomly collected from various locations in Libya. Samples were
examined for the presence of K. pneumoniae using conventional cultural techniques, including cultivation in violet red
bile agar plus 4-methylumbelliferyl-B-D-glucuronide broth and CHROM agar, followed by polymerase chain reaction
identification and partial sequencing of 16S rRNA.

Results: Of the 234 samples of milk and dairy products collected, 16 (6.8%) isolates revealed mucoid colonies on agar
media that were phenotypically suggested to be K. pneumoniae. Identification of isolates was confirmed using molecular
techniques (16S rRNA). Among the examined samples, K. pneumoniae was recovered from camel’s milk, raw cow’s milk,
raw fermented milk, Maasora cheese, Ricotta cheese, soft cheese, full cream milk powder, milk powder infant formula,
cereal baby food, and growing-up formula. Antibiotic susceptibility testing was performed on 12 of the 16 K. pneumoniae
isolates, and the results showed that K. pneumoniae isolates were resistant to more than eight antibiotics; interestingly, two
isolates showed metallo-beta-lactamase (MBL) production.

Conclusion: K. pneumoniae is considered a risk to human health because many of these products do not comply with
the microbiological criteria of international and/or Libyan standards. This study emphasized the relationship between
K. pneumoniae and raw milk, cheese, milk powder, and infant milk retailed in Libya. There is a need to take the necessary
measures to ensure effective hygiene practices during production in dairy factories, handling, and distribution on the market,
in particular at a small local production scale.

Keywords: antibiotic sensitivity, dairy products, foodborne, Klebsiella pneumoniae, Libya.

Introduction and epidemiologically important human pathogen due
to its ability to survive in different environments such as
surfaces, human skin, and respiratory and urinary tract.
K. pneumoniae is easily transmitted between patients
through surgery and has become one of the most com-
mon causes of outbreaks in intensive care units [3].
K. pneumoniae is a common bacterial pathogen that
accounts for a high proportion of nosocomial infec-
tions in pediatric patients and can cause life-threatening
invasive infections in young people [4].

Copyright: Azwai, et al. Open Access. This article is distributed under Sources of Klebsiella species on dairy farms
e erms of the Crezbie Commors Auibutor 40 iemationel include organic. bedding materials, such as wood
permits unrestricted use, distribution, and reproduction in any  by-products and fecal excrement from cattle, which
medun, preuced you e sppropite Gedt to e oratel  contain a wide variety of K. pneunoniae strains in
license, and indicate if changes were made. The Creative Commons their dairy products [5]. To avoid this problem, micro-
Public Domain Dedication waiver (http://creativecommons.org/ bial agents are added to dairy cow feed to inhibit

publicdomain/zero/1.0/) applies to the data made available in this R A
article, unless otherwise stated. pathogenic bacteria [6].

Klebsiella pneumoniae is a Gram-negative patho-
gen. [tis an important member of the Enterobacteriaceae
family that can infect humans through contaminated
poultry, beef, fish, and dairy products [1]. K. pneumo-
niae has a mucoid phenotype on agar medium, which is
imparted by the polysaccharide capsule attached to the
outer membrane of the cell, resulting in lactose fermen-
tation [2]. K. pneumoniae has emerged as a clinically
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Mastitis is one of the most serious diseases in
dairy herds, despite the widespread use of man-
agement programs such as teat immersion, dry cow
treatment, and weaning of infected animals. Mastitis
caused by K. pneumoniae is particularly severe com-
pared with that caused by Escherichia coli because
of its poor response to antibiotic therapy and rapid
progression to toxic shock and death [7]. In addition,
this bacterium can cause severe clinical symptoms
and significant economic losses [8]. K. pneumoniae
ST1224 and K. pneumoniae ST48 were isolated from
neonates and chicken meat, respectively, in Western
Algeria, one of the Middle East regions, indicating
that these Klebsiella isolates are not host-specific and
could be easily transmitted to humans from food ani-
mals and their products [9].

K. pneumoniae is an opportunistic pathogen
for individuals with weakened immunity because it
can cause various infections, including pneumonia,
urinary tract infection, bacteremia, and meningitis.
In contrast to “classical” K. pneumoniae, “hypervir-
ulent” K. pneumoniae with hypermucoviscosity has
emerged as a clinically important pathogen over the
last two decades. It causes highly invasive infections,
such as liver abscesses, in healthy and immunocom-
promised individuals [10]. Antibacterial resistance
to certain infectious pathogens has become a serious
public health concern. One study documented that
food-producing animals are a possible source or res-
ervoir for the spread of resistant bacterial strains or
antibiotic-resistant genes to humans [1].

Pseudomonas aeruginosa, Acinetobacter bau-
mannii, and K. pneumoniae are well-known nos-
ocomial pathogens. Recently, there has been a
worldwide surge in multidrug resistance (MDR) and
pandrug-resistant counterparts on the World Health
Organization list of priority (serious) pathogens of anti-
biotic resistance. Surveillance studies have reported
that resistance of K. pneumoniae to third-generation
cephalosporins peaked at 15%-20%, and ciprofloxa-
cin resistance peaked at 10%—50%) [11].

Interestingly, the population of K. pneumoniae
contains numerous extraordinary genes compris-
ing unbiased phylogenetic lineages or “clones” that
fluctuate from one another. The majority of MDR
sanatorium outbreaks are due to a small subset of
K. pneumoniae clones with an excessive incidence
of received antimicrobial resistance (AMR) genes,
whereas the bulk of community-received invasive
infections are due to “hypervirulent” clones that do not
often harbor received AMR genes, but have an exces-
sive incidence of key virulence loci [10]. Empirical
use of antibiotics and persistent exposure to various
antimicrobials have led to an increased prevalence of
MDR K. pneumoniae [4].

Resistance to the majority of antimicrobial
classes and the lack of new antimicrobial agents
against Gram-negative bacteria can lead to the re-use
of old antibiotics, in particular polymyxins such as

colistin. Colistin is currently used as a last-resort
antimicrobial agent for the treatment of infections
caused by Gram-negative MDR bacteria. It binds to
the negatively charged lipopolysaccharide of the outer
membrane of Gram-negative bacteria, disrupting the
membrane, causing the cytoplasmic material to fade
away and, eventually, cell death.

The indiscriminate use of antimicrobials has led
to the development of MDR Gram-negative bacteria in
raw milk, particularly £. coli O157:H7, K. pneumoniae,
Aeromonas hydrophilia, and Proteus mirabilis [9].

Over the past few years, Gram-negative bacteria
have shown a significant increase in resistance against
B-lactam antibiotics due to various plasmid-mediated
extended spectrum [-lactamases (ESBL) genes
found in Enterobacteriaceae, especially in E. coli and
K. pneumoniae. The emergence of resistant K. pneu-
moniae due to the misuse of antibiotics in ranches and
veterinary facilities is a serious public and livestock
health problem. Ultimately, it can be transmitted to
humans through different environmental niches [1].
The emergence of MDR bacterial pathogens from
different origins, including humans, birds, cattle, and
fish, necessitates the need for new potent and safe
antimicrobial agents [12].

ESBL hydrolyzes various B-lactam antibiotics
and confers resistance to penicillin and third- and
fourth-generation cephalosporins. The genes encod-
ing these enzymes are common in chromosomes and
plasmids of Enterobacteriaceae species. Therefore,
Enterobacteriaceae, especially E. coli and Klebsiella
spp. Various groups of antibiotics are used in live-
stock management at both therapeutic and subther-
apeutic levels. B-lactam antibiotics are widely used
in veterinary medicine because of their high speci-
ficity, complete selective toxicity, and strong killing
effect. Therefore, abuse of these antibiotics in veter-
inary medicine increased the emergence and spread
of genetic determinants, especially in E. coli and
K. pneumoniae [13].

ESBL-producing K. preumoniae has been iso-
lated from food handlers who consumed unpasteur-
ized milk and raw meat [14]. Recently, K. pneumoniae
has been detected in human samples, again emphasiz-
ing the concept of transfer between animal/animal
products, including milk, from/to humans and animals
during the last decade. MDR K. pneumoniae isolates
have also been widely detected in milk samples [9].
K. pneumoniae is considered to be a major trans-
porter of resistance genes from environmental sources
to clinically important bacteria, and some isolates
can carry acquired AMR genes or plasmids to move
between environments, humans, and animals [12].

E. coli, Cronobacter spp., and Salmonella
enterica have previously been reported by Garbaj
et al. [15], Garbaj et al. [16] and Garbaj ef al. [17] as
foodborne pathogens associated with dairy products in
Libya. Data on the microbiological quality of Libyan
dairy products related to K. pneumoniae are lacking.
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Previously, much information has been recorded only
on mastitic cases; although this is not a common cause
of food poisoning, it is known to be a causative agent
of mastitis. As a result of the lack of standard manu-
facturing guidelines, there has been a lack of hygienic
practices during the manufacture of dairy products, in
particular in locally produced milk products. All these
factors are considered to be the greatest public health
risk in Libya.

Therefore, this study aimed to investigate the
presence of K. pneumoniae in milk and dairy products
sold in Libya and to determine its antibiotic sensitivity
profile.

Materials and Methods

Ethical approval

Dairy samples used in the research were col-
lected from various retail dairy markets from different
locations in Libya.

Study period and location

The study was conducted from January 2019 to
December 2020. Samples of milk and dairy products
were collected from different Libyan cities (Tripoli,
Sabha, Tobruk, and Regdalin).

Sampling

A total of 234 samples of milk and dairy prod-
ucts (Table-1) were randomly collected from different
locations in Libya.

Identification and isolation of K. pneumoniae
Isolation of K. pneumoniae was performed
according to the reference method described by Davis
et al. [18] for the detection of K. pneumoniae in dairy
products. In brief, 25 g/mL from each sample was
aseptically transferred into a sterile polyethylene stom-
acher bag and blended with 225 mL of buffer peptone
water (Park Scientific, M 0063, Northampton Limited,
UK), homogenized in a stomacher (Stomacher 400,
Seaward Medicals, UK) at 1,000% g for 1 min, then
incubated at 37°C for 18 + 2 h. Next, 10 mL from
the above-incubated samples was added to enrich-
ment broth (violet red bile agar plus 4-methylumbel-
liferyl-B8-D-glucuronide) and incubated overnight at
44°C. Only 0.1 mL of the selectively enriched broth
was streaked onto CHROM agar (Hardy Diagnostics,
Santa Maria, California, USA), and the inoculated
plates were incubated at 37°C for 24 h. Presumptive
colonies were selected and maintained for further
investigation [18].
Identification of K. pneumoniae using polymerase

chain reaction (PCR) and partial sequencing of 16S
rDNA

Colonies cultivated on CHROM agar were
selected and purified several times. DNA extraction
from K. pneumoniae isolates was performed as previ-
ously described by Azwai et al. [19]. Partial 16S rDNA
was amplified using universal oligonucleotide primers
S-D Bact-0341-b-S-17 and S-D-Bact-0785-a- A-21.
The amplified 16S rDNA PCR fragment (464 bp) was

Table-1: Total number of samples produced Klebsiella
pneumoniae on agar media.

Type of samples Total number Number
of samples of positive
samples
Raw cow’s milk 46 3 (6.5%)
Raw she camel’s milk 5 1 (20%)
Raw fermented milk 28 1 (3.5%)
UHT milk 8 0
Yoghurt 5 0
Maasora cheese 21 4 (19%)
Ricotta cheese 13 1 (7.6%)
Imported soft cheese 6 1 (16.6%)
Ice cream 6 0
Full cream milk powder 10 2 (20%)
Skimmed milk powder 6 0
Powder infant formula 36 1(2.7%)
Growing up formula 18 1 (5.5%)
Ready to feed baby milk 10 0
Cereal baby food 16 1 (6.25%)
Total 234 16 (6.8%)

excised from the gel, and DNA was extracted from the
gel using a GF-1 AmbiClean kit (Cat. # GF-GC-100,
Vivantis, Malaysia) as reported by Azwai et al. [19].
The purified 16S rDNA amplicons were sequenced in
IZSLER-Istituto Zooprofilattico Sperimentale della
Lombardia e dell’Emilia Romagna, Brescia, Italy.
Basic Local Alignment Search Tool search was per-
formed on consensus reached by both NCBI (http://
www.ncbi.nlm.nih.gov/pubmed) and 16S bacterial
cultures Blast Server for the identification of prokary-
otes (http://bioinfo.unice.fr/blast/).

Antimicrobial susceptibility profile
Selected antibiotic disks

K. pneumoniae isolates confirmed by PCR were
subsequently tested against a variety of 32 antibiot-
ics using the disc-diffusion method described in the
Clinical and Laboratory Standards Institute guidelines
as described by Davis ef al. [18]. Antibiotics (Oxoid,
England) used included gentamycin (Bioanalyse
10 pg), streptomycin (10 pg), amoxicillin (10 pg),
bacitracin (10 ug), oxytetracycline (30 ug), doxy-
cycline (30 ug), penicillin G (10 ug), erythromycin
(15 ng), amoxicillin/clavulanic acid (30 pug), ampicil-
lin (10 pg), methicillin (Bioanalyse 5 ug), kanamy-
cin (30 ug), lincomycin (10 pug), tobramycin (10 pg),
levofloxacin (5 pg), clindamycin (2 pg), cefotaxime
(30 ng), ciprofloxacin (5 pg), cloxacillin (5 ng),
nitrofurantoin (300 pg), nitrofurantoin (30 pg), tetra-
cycline (30 pg), nitrofurantoin (25 pg), piperacillin/
tazobactam (100/10 pg), cephoxitin (30 ug), cefop-
erazone/sulbactam (75/30 ug), cefotaxime (30 ng),
cephoxitin (30 ng), ceftazidime (30 ug), cefotaxime
(30 ng), imipenem (10 pg), ertapenem (10 ug), and
azobactam (30 pug).

Antibiogram assay

A single colony of the tested organism was
picked up using a disposable loop, emulsified into
5 mL Brain Heart Infusion Broth (Liofilchem, Italy),
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and incubated overnight at 37°C to reach McFarland’s
standard turbidity of 0.5. A cotton swab was used
to spread the suspension on the surface of Mueller-
Hinton agar (Oxoid, England). Suitable test antibiotic
disks were placed on the agar surface, and the plates
were incubated at 37°C for 24 h. The diameter of
the inhibition zone was measured in millimeters and
recorded.

Results

Out of 234 samples of milk and dairy products,
only 16 (6.4%) of the isolates revealed mucoid colo-
nies on agar media that were phenotypically suggested
to be K. pneumoniae (Table-1).

The isolate identification was confirmed by
molecular techniques (16S rRNA), which identi-
fied 16 (6.4%) mucoid isolates as K. pneumoniae
(Table-2). K. pneumoniae was recovered from camel’s
milk, raw cow’s milk, and fermented milk as 1 (20%),
3 (6.5%), and 1 (3.5%), respectively, whereas no
K. pneumoniae was detected in the ultra-high tem-
perature (UHT) milk samples. K. pneumoniae was
detected in 4 (19%), 1 (7.6%), and 1 (16.6%) cheese
samples of Maasora cheese, Ricotta cheese, and
imported soft cheese samples, respectively.

K. pneumoniae was not recovered from skim
milk powder but was isolated from full cream milk
powder 2 (20 %). K. pneumoniae was detected in pow-
der infant formula (PIF), cereal baby food, and grow-
ing-up formula (fortified milk powder) as 1 (2.7%),
1 (6.25%), and 1 (5.5%), respectively, in baby food
samples. However, no K. pneumoniae was observed
in ready-to-feed baby milk and cereal baby food sam-
ples. No K. pneumoniae was detected in the ice cream
and yogurt samples.

In addition, there was no zone of inhibition
against amoxicillin, ampicillin, bacitracin, penicillin,
lincomycin, clindamycin, and cloxacillin. However,

Table-2: Bacterial identification of 12 isolates confirmed
to be K. pneumoniae by using the polymerase chain
reaction-16S rDNA technique.

S. Blast NCBI Nucleotide Type of samples
No. 16S rDNA identity
(%)
1 K. pneumoniae 99 Raw cow’s milk
2 K. pneumoniae 99 Raw cow’s milk
3 K. pneumoniae 99 Raw cow’s milk
4 K. pneumoniae 99 She-camel’s milk
5 K. pneumoniae 98 Raw fermented milk
6 K. pneumoniae 99 Ricotta cheese
7 K. pneumoniae 99 Maasora cheese
8 K. pneumoniae 99 Maasora cheese
9 K. pneumoniae 99 Maasora cheese
10 K. pneumoniae 100 Maasora cheese
11 K. pneumoniae 99 Imported soft cheese
12 K. pneumoniae 100 Full cream milk powder
13 K. pneumoniae 99 Full cream milk powder
14 K. pneumoniae 100 Infant formula
15 K. pneumoniae 99 Fortified milk powder
16 K. pneumoniae 99 Cereal baby food

K. pneumoniae=Klebsiella pneumonia

these isolates were sensitive to levofloxacin, ciproflox-
acin, amikacin, gentamycin, ertapenem, and chloram-
phenicol. All isolates were resistant to erythromycin,
except for one intermediate isolate. In addition, some
of these isolates exhibited different degrees of suscep-
tibility to antibiotics such as kanamycin, tobramycin,
nitrofurantoin, streptomycin, tetracycline, oxytetra-
cycline, piperacillin cefoperazone/salbactum, cef-
triaxone, cefoxitin, sulfamethoxazole/trimethoprim,
ceftazidime, and cefotaxime. In addition, only one
isolate was sensitive to methicillin, whereas the other
isolates were resistant. In addition, all isolates were
sensitive to aztreonam except for one isolate, which
appeared intermediate. In addition, all isolates were
sensitive to doxycycline and imipenem, except for
two isolates that were resistant to these drugs. In addi-
tion, all isolates were sensitive to amoxicillin/clavu-
lanic acid, except three isolates that were intermediate
(Tables-3 and 4).

Tables-5 and 6 show ARI index and MDR of all
isolates against the 32 antibiotics used in this study.

Discussion

K. pneumoniae is commonly associated with nos-
ocomial infections worldwide with high morbidity and
mortality in humans and animals. The gastrointestinal
tract and hands of the hospital staff are recognized as
sources of Klebsiella contamination. K. pneumoniae
was identified as a nosocomial pathogen responsible
for a large-scale outbreak that occurred throughout the
hospital environment and the food supply chain [20].
AMR is a new global healthcare crisis that has a sig-
nificant impact on human health and the economy.
This crisis is intensified by a lack of new antibiotics,
particularly against Gram-negative pathogens, and the
proliferation of high-risk MDR clones [21].

K. pneumoniae was recovered from three sam-
ples (6.5%) of raw cow’s milk (Table-1). This find-
ing was slightly similar to that obtained by Tartor
et al. [9] (7.2%) and Gaffer et al. [22] (8%). For
instance, our results were less than those reported
by Chaudhry et al. [1] (10.52%), Osman et al. [23]
(9.6%), Garedew et al. [24] (16.7%), and Jayarao and
Wang [25] (9.5%). Interestingly, Nobrega et al. [26]
detected K. pneumoniae in most samples of milk from
25 lactating cows, indicating that raw milk may pose
a risk of contamination by pathogenic bacteria. The
results also highlight the importance of monitoring the
quality and safety of raw milk and biological control.
K. pneumoniae was detected in only one sample (20%)
of she-camel’s milk. This finding was similar to that
reported by Njage et al. [27] (33%). Interestingly, this
is the first report to describe the isolation and identi-
fication of K. pneumoniae from camel milk in Libya.

The presence of K. pneumoniae in raw milk orig-
inates from the environment of dairy herds, and dairy
herd mastitis may be due to the lack of hygiene in some
dairy farms in Libya. According to Garedew et al. [24],
the presence of K. pneumoniae in raw milk at various
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Table-3: Antibiogram of Klebsiella pneumoniae isolates.

No. Antibiotics 1 2 3 4 5 6 7 8 9 10 11 12
1 Amoxycillin (10 pg) R R R R R R R R R R R R
2 Ampicillin (10 pg) R R R R R R R R R R R R
3 Bacitracin (10 ug) R R R R R R R R R R R R
4 Penicillin G (10 pg) R R R R R R R R R R R R
5  Methicillin (5 ug) R R R R R S R R R R R R
6  Erythromycin (15 pg) R R R I R R R R R R R R
7 Kanamycin (30 pg) I S I R R S I I S S I I
8 Lincomycin (10 ug) R R R R R R R R R R R R
9 Tobramycin (10 ug) I I R I R S I R S I R I
10 Levofloxacin (5 ug) S S S S S S S S S S S S
11 Clindamycin (2 ug) R R R R R R R R R R R R
12 Doxycycline (30 ug) S R S S S S S S S R S S
13 Cloxacillin (5 pg) R R R R R R R R R R R R
14  Nitrofurantoin (300 ug) S S S S I S R I I I I R
15 Oxytetracycline (30 ug) I R R I I I R R I R R I
16  Streptomycin (10 ug) I I S S R S I I S R I R
17  Tetracycline (30 ug) S S S I S S S S S R S I
18 Chloramphenicol (30 pg) S S S S S S S S S S S S
19 Sulphamethoxazole/trimethoprim (25 ug) S I R S S S S S S R S S
20  Amoxycillin/clavulanic acid (30 ug) S I S I S S S S S I S S
21  Piperacillin/tazobactum (100/10 ug) S I I S S S I S S S I I
22 Cephoxitin (30 ug) I R I I S I R I S R I R
23  Cefoperazone/salbactum (75/30 ug) S I I S S S I S S I I S
24  Cefotaxime (30 ug) S R R I S S I S I R S I
25 Ceftriaxone (30 ug) S I I S S S I S S S S I
26 Ceftazidim (30 pg) R R R R I R R R R R R R
27  Aztreonam (30 ug) S S S S S S S S S - S I
28 Imipenem (10 ug) S R R S S S S S S S S S
29 Ertapenem (10 ug) S S S S S S S S S S S S
30 Amikacin (30 pg) S S S S S S S S S S S S
31 Gentamycin (10 pg) S S S S S S S S S S S S
32 Ciprofloxacin (5 pg) S S S S S S S R S S S S
IEH (10/750 ng) - MBL MBL - - - - - - - - -
Sensitivity % 51.5 27.2 36.3 45.4 51.5 63.6 36.3 45.4 57.5 30.3 42.4 33.3

21.2
48.8

Intermediate %
Resistance %

W
wu
W

15.1 21.2 9 6 21.2 121 9 12.1 18.1 24.2
48.4 33.3 39.3 30.3 42.4 42.4 33.3 54.5 39.3 42.4

R: Resistant; I: Intermediate; S: Susceptible; MBL: Metallo-beta-lactamase.

important critical points is associated with pre-milk-
ing udder preparation, milking treatment, and milking
and storage equipment. Among all important control
points, the most critical risk factors were poor hygiene
practices during the transport of containers at milk col-
lection points and processing plants. However, K. pneu-
moniae was not detected in eight samples of UHT milk.
This may be due to heat treatment during production.

K. pneumoniae was recovered from 4 sam-
ples (19%) of Maasora cheese, 1 sample (7.6%) of
Ricotta cheese, and 1 sample (16.6%) of imported soft
cheese (Table-1). These results are similar to those
reported by Gaffer et al. [22], who found K. pneumo-
niae in Damietta cheese (12%) and Kariesh cheese
(8%). Massa et al. [28] found that 90% of mozza-
rella cheese samples were contaminated by K. pneu-
moniae. Remarkably, Massa et al. [28] reported that
K. pneumoniae is one of the most common pathogens
that cause cheese spoilage. In addition, in Libya, the
majority of workers handling locally produced dairy
products, such as milk and cheese, do not comply with
the proper hygiene guidelines for preparation.

K. pneumoniae was recovered from one sample
of raw fermented milk (3.5%) (Table-3); however,

these findings are not consistent with those obtained
by Abushaala and Alwoshesh [29] (12.9%) and Njage
etal.[27] (33%), who found K. pneumoniae in natural
fermented milk. On the other hand, no K. pneumoniae
was found in the yogurt samples (0%), which may be
because K. pneumoniae could not tolerate the high
acidity in this product.

In the present study, K. pneumoniae was iso-
lated from one sample of PIF (2.7%), cereal baby
food 1 (6.25%), and growing-up formula (fortified
milk) 1 (5.5%). These results were nearly similar to
those reported by Yao et al. [30] (4.3%), Sani and
Lim [31] (6.6%, (7.14%), Oonaka et al. [32] (4.6%),
and Estuningsih et al. [33] (4%) (Table-1). However,
the results of our study are not consistent with those
obtained by Zhou et al. [34] (26.7%), Sani and Lim [31]
(6.6%), and Muytjens et al. [35] (9.2%), respectively.

Baby milk powder may contain K. pneumoniae
due to the addition of heat-sensitive ingredients such
as vitamins, minerals, dried rice, and fruits. In addi-
tion, the microbiological safety of PIF has recently
received considerable attention. This was mainly due
to neonatal infections caused by Enterobacteriaceae,
including Cronobacter sakazakii and K. pneumoniae,
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Table-4: The resistance, intermediate, and sensitivity percentage of K. pneumonia isolates.

No. Antibiotics Resistance No. (%) Intermediate No. (%) Sensitive No. (%)
1 Amoxycillin (10 ug) 12 (100) 0 (0) 0 (0)

2 Ampicillin (10 ug) 12 (100) 0 (0) 0 (0)

3 Bacitracin (10 ug) 12 (100) 0 (0) 0 (0)

4 Penicillin G (10 ug) 12 (100) 0 (0) 0 (0)

5 Methicillin (5 ug) 11 (91.7) 0 (0) 1 (8.3)

6 Erythromycin (15 ug) 11 (91.7) 1(8.3) 0 (0)

7 Kanamycin (30 ug) 2 (16.7) 6 (50) 4 (33.3)

8 Lincomycin (10 ug) 12 (100) 0 (0) 0 (0)

9 Tobramycin (10 ug) 4 (33.3) 6 (50) 2 (16.7)

10 Levofloxacin (5 ug) 0 (0) 0 (0) 12 (100)

11 Clindamycin (2 pg) 12 (100) 0 (0) 0 (0)

12 Doxycycline (30 ug) 2 (16.7) 0 (0) 10 (83.3)

13 Cloxacillin (5 pg) 12 (100) 0 (0) 0 (0)

14 Nitrofurantoin (300 ug) 2 (16.6) 5 (41.7) 5(41.7)

15 Oxytetracycline (30 ug) 6 (50) 6 (50) 0 (0)

16 Streptomycin (10 ug) 3 (25) 5(41.7) 4 (33.3)

17 Tetracycline (30 ug) 1(8.3) 2 (16.7) 9 (75)

18 Chloramphenicol (30 ug) 0 (0) 0 (0) 12 (100)

19 Sulphamethoxazole/trimethoprim (25 ug) 2 (16.7) 1 (8.3) 9 (75)

20 Amoxycillin/clavulanic acid (30 ug) 0 (0) 3 (25) 9 (75)

21 Piperacillin/tazobactum (100/10 ug) 0 (0) 5 (41.6) 7 (58.3)

22 Cephoxitin (30 pg) 4 (33.3) 6 (50) 2 (16.7)

23 Cefoperazone+salbactum (75/30 ug) 0 (0) 5/(41.7) 7 (58.3)

24 Cefotaxime (30 ug) 3 (25) 4 (33.3) 5(41.7)

25 Ceftriaxone (30 ug) 0 (0) 4 (33.3) 8 (66.7)

26 Ceftazidim (30 pg) 11 (91.7) 1(8.3) 0 (0)

27 Aztreonam (30 ug) 0 (0) 1(9.1) 10 (90.9)

28 Imipenem (10 ug) 2 (16.7) 0 (0) 10 (83.3)

29 Ertapenem (10 ug) 0 (0) 0 (0) 12 (100)

30 Amikacin (30 pg) 0 (0) 0 (0) 12 (100)

31 Gentamycin (10 ug) 0 (0) 0 (0) 12 (100)

32 Ciprofloxacin (5 pg) 1(8.3) 0 (0) 11 (91.7)
Table-5: ARI and MDR of K. pneumoniae isolates.

No. Antibiotics Resistance isolates ARI MDR
1 Amoxycillin (10 ug) 12/100 0.03 36.3
2 Ampicillin (10 pg) 12/100 0.03 36.3
3 Bacitracin (10 pg) 12/100 0.03 36.3
4 Penicillin G (10 pg) 12/100 0.03 36.3
5 Methicillin (5 ug) 11/91.6 0.02 33.3
6 Erythromycin (15 pg) 11/91.6 0.02 33.3
7 Kanamycin (30 pg) 2/16.6 0.005 6
8 Lincomycin (10 pg) 12/100 0.03 36.3
9 Tobramycin (10 ug) 4/33.3 0.01 12.1
10 Levofloxacin (5 ug) 0/0 0 0
11 Clindamycin (2 ug) 12/100 0.03 36.3
12 Doxycycline (30 ug) 2/16.6 0.005 6
13 Cloxacillin (5 pg) 12/100 0.03 36.3
14 Nitrofurantoin (300 ug) 2/16.6 0.005 6
15 Oxytetracycline (30 ug) 6/50 0.01 18.1
16 Streptomycin (10 ug) 3/25 0.007 9
17 Tetracycline (30 ug) 1/8.3 0.002 3
18 Chloramphenicol (30 ug) 0/0 0 0
19 Sulphamethoxazole/trimethoprim (25 ug) 2/16.6 0.005 6
20 Amoxycillin/clavulanic acid (30 pg) 0/0 0 0
21 Piperacillin/tazobactum (100/10 ug) 0/0 0 0
22 Cephoxitin (30 ug) 4/33.3 0.01 12.1
23 Cefoperazone+salbactum (75/30 ug) 0/0 0 0
24 Cefotaxime (30 ug) 3/25 0.007 9
25 Ceftriaxone (30 ug) 0/0 0 0
26 Ceftazidim (30 pg) 11/91.6 0.02 33.3
27 Aztreonam (30 ug) 0/0 0 0
28 Imipenem (10 ug) 2/16.6 0.005 6
29 Ertapenem (10 ug) 0/0 0 0
30 Amikacin (30 ug) 0/0 0 0
31 Gentamycin (10 pg) 0/0 0 0
32 Ciprofloxacin (5 pg) 1/8.3 0.002 3
MDR=Multidrug resistance, ARI=Antibiotic resistance index, K. pneumoniae=Klebsiella pneumonia
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Table-6: MARI of K. pneumoniae.

No. of No. of resistant MARI
isolates antibiotics (Total)

1 11 (32) 0.33
2 16 (32) 0.48
3 16 (32) 0.48
4 11 (32) 0.33
5 13 (32) 0.39
6 10 (32) 0.3

7 14 (32) 0.42
8 14 (32) 0.42
9 11 (32) 0.33
10 18 (32) 0.54
11 13 (32) 0.39
12 14 (32) 0.42

MARI=Multi antibiotic resistance index,
K. pneumoniae=Klebsiella pneumoniae

associated with PIF contamination. These products
are not sterile but are expected to comply with inter-
national microbiological standards [34].

K. pneumoniae is another opportunistic bacterial
pathogen present in PIF, as reported by Feng et al. [36].
The present study demonstrated that the presence of
K. pneumoniae in PIF is considered to be a major
cause of infections among infants resulting from the
improper preparation and conservation of these prod-
ucts, especially at hospitals and homes, which could
cause a health risk for infants. Klebsiella species
have been associated with necrotizing enterocolitis in
infants, as documented by Coleman et al. [37]. These
species have been classified as category B organisms
and are intended to cause infections in infants. As
reported by Liu ef al. [20], K. pneumoniae has been
recovered from modular industrialized enteral diets
and milk-based and food supplements used in pub-
lic hospitals. As documented by Wareth et al. [14],
K. pneumoniae is among the most frequently isolated
bacterial species in milk substitution formulas for
infants collected from 35 countries. Pasteurized milk
and whole milk powder samples collected from retail
shops in Mexico, there has been a high incidence of
MDR strains, which represents a public health hazard.

In the present study, K. pneumoniae was not
recovered from ice cream samples, which may have
been due to the inability of K. pneumoniae to survive
in freezing temperatures. However, Gaffer et al. [22]
detected only one isolate (4%) of K. pneumoniae in
ice cream samples (Table-1).

K. pneumoniae was isolated from 2 samples (20%)
of full cream milk powder (Table-1). For instance,
Wareth et al. [14] obtained 24 isolates of K. pneumo-
niae from milk powder producer companies in Libya.
To the best of our knowledge, this is the first report to
describe the presence of K. pneumoniae in milk pow-
der in Libya, which may be a result of post-process-
ing contamination. However, no K. pneumoniae was
found in 6 (0%) cases of skim milk powder.

Recently, K. pneumoniae has been detected in
human samples, again emphasizing the concept of

transmission between animal/animal products, includ-
ing milk, from/to humans and animals during the
last decade. MDR K. pneumoniae isolates have also
been widely detected in milk samples [9]. Moreover,
K. pneumoniae is considered a major vehicle of resis-
tance genes from environmental sources to clini-
cally important bacteria and some isolates can carry
acquired AMR genes or plasmids between the envi-
ronment, humans, and animals [12]. In this study, two
isolates were MBL producers, as shown in Table-3.

Liang et al. [6] isolated K. pneumoniae from
different sources, including humans, the environ-
ment, and animals, supporting direct/indirect trans-
mission between humans and animals, in accordance
with the recent global concept of the dissemination of
mobilized colistin resistance genes from animals to
humans. This result emphasizes the concept of “One
Health”: Human health is connected to the health of
animals and the environment.

Conclusion

K. pneumoniae is now recognized as an urgent
threat to human health because of the emergence of
multidrug-resistant strains associated with hospital
outbreaks and hypervirulent strains associated with
severe community-acquired infections. K. pneumo-
niae is ubiquitous in the environment and can colo-
nize and infect both plants and animals. This study
emphasizes the relationship between K. pneumoniae
and raw milk, cheese, milk powder, and infant milk
retailed in Libya, which is considered a risk for human
health because many of these products do not com-
ply with international microbiological criteria and/or
Libyan standards. There is a need to take the neces-
sary measures to ensure effective hygiene practices
during production in dairy factories, handling, and
distribution on the market, in particular at a locally
small production scale. Moreover, our results showed
that high-level MDR was present among most iso-
lates against different antibiotics. Interestingly, this is
the first study to document the transmission of MDR
K. pneumoniae through milk and milk products, which
constitutes a huge threat to food safety, especially to
the public health of adults and neonates.
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