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ABSTRACT
OF THE THESIS OF

Nasri Hassan Daher Hussein for Master of Science
Major: Food Safety

Title: Assessment of The Microbiological Acceptability of Akkawi Cheese in Beirut and
the Antimicrobial Resistance Profiles of Associated Escherichia Coli

Lebanon, like many other developing countries, suffers from the toll of emerging foodborne
pathogens and antibiotic resistance within its food systems. Very little data is collected on
the presence of foodborne pathogens in different types of food. Furthermore, research on the
emergence and dissemination of antibiotic resistance within different food systems remain
limited. For that purpose, this study focused on Akkawi cheese a popular local food item.
The objective of the study was to evaluate the microbiological acceptability of Akkawi
cheese from different retail stores in Beirut. This was done by assessing the densities of
Escherichia coli and fecal coliforms, which are indicators of fecal pollution, as well as
Staphylococcus aureus, which is an indicator of hygiene. The objective of the study was also
to assess the antibiotic resistance phenotypes of the isolated E. coli. 50 Akkawi cheese
samples and 13 brine samples were collected from different retail stores from 9 different
districts of Beirut. A total of 135 E. coli strains were isolated: 118 (87.4%) were isolated
from the cheese samples and 17 (12.6%) were isolated from the brine samples. Antimicrobial
susceptibility testing, using the disk diffusion assay, revealed overall resistance of E. coli to
penicillin (100%), ampicillin (68.1%), amoxicillin-clavulanate (88.1%), cefepime (21.5%),
cefotaxime (43.0%), cephalexin (63.0%), cefixime (18.5%), doripenem (34.8%), meropenem
(34.8%), imipenem (17.0%), gentamicin (40.0%), kanamycin (35.6%), streptomycin
(57.8%), tetracycline (40.7%), ciprofloxacin (4.4%), norfloxacin (4.4%), trimethoprim-
sulfamethoxazole (46.7%), and chloramphenicol (28.2%). But also, of the 135 E. coli
isolates, 101 isolates (74.8%) were multidrug resistant (MDR). Furthermore, 2 mecA
methicillin-resistant Staphylococcus aureus (MRSA) strains were detected in one of the
cheese samples. These findings revealed critically high levels of multidrug resistance in
Lebanese food systems. Multidrug resistant infections are on the rise, and they are difficult
to treat using conventional antibiotics. And the fact that high levels of multidrug resistant E.
coli were detected, means that other multidrug pathogens are likely to be present in dairy
food systems as well as other food systems. The presence of high levels of multidrug
resistance within Lebanese food systems contributes to an effective dissemination and
circulation of antibiotic resistance within the community. Failure to act fast will result in a
major public health crisis.
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CHAPTER |
INTRODUCTION

Lebanon is considered a developing country and is located in the Eastern
Mediterranean region, that is ranked third amongst regions with the highest estimated burden
of foodborne diseases (Kharroubi et al., 2020). And thus, food safety is amongst the various
significant challenges Lebanon faces. And like many other developing countries, Lebanon
suffers from the toll of foodborne illnesses on its public health and economy and lacks a
sustainable food safety system that allows the control of food contamination and the
mitigation of foodborne illnesses (Kharroubi et al., 2020). In November 2014, however, food
safety took a right turn. In fact, surprise inspections of restaurants, slaughterhouses,
supermarkets, and farms were conducted at the behest of the Lebanese Ministry of Public
Health (World Health Organization [WHO]). More than 1,000 establishments were named
by the Minister of Public Health at the time, Wael Abou Faour, for unsatisfactory food
sampling or inspection results (World Health Organization [WHOQY]). This even resulted in
some of these establishment to be shut down (World Health Organization [WHQY]). This
created an increased sense of awareness amongst actors in the food chain and consumers.
Consumers became more alert to the food products they consider purchasing (World Health
Organization [WHQY]). As for establishments, they started working on reinforcing their
internal food safety policies and started seeking international food safety certification from
the International Organization for Standardization (World Health Organization [WHO]).
Furthermore, this initiative encouraged a closer collaboration between the Ministry of Public

Health and other ministries including the Ministry of Economy and Trade (World Health



Organization [WHOQO]). This initiative also allowed the reactivation of the food safety that has
already been drafted and presented it to the Lebanese parliament for approval (World Health
Organization [WHQY]). Despite this progress, food safety in Lebanon remains basic and
flawed. For instance, the food safety page on the Ministry of Public Health’s official website
presents very limited insight on important aspects of food safety. In fact, the four main
headlines of the page consist of the “Food Inspection Checklist”, the “Food Sampling Form”,
a section entitled “Food Inspection” which only present bullet points of the requirements for
food safety in food institution (Ministry of Public Health [MoPH]). Furthermore, one the
headlines was “WHO: The Five Keys to Safer Food Programme”, which provides very basic
food safety guidelines of which some are related to cooking and storing food at adequate
temperatures, without at least providing the adequate cooking and food storage temperatures
(Ministry of Public Health [MoPH]). But also, the latter provided general information about
foodborne illnesses without even specifying the responsible agents. This reveals very limited
knowledge related to food safety and causative agents from the part of the Lebanese
government. This can be reflected in the study by Kharroubi et al., which compiled and
analyzed the microbiological data that were based on the food safety campaign that was
launched in 2015 by the Ministry of Public Health. Out of the 11,625 tested food samples a
total of 3,334 food samples were found to be microbiologically unacceptable based on the
LIBNOR standards, which is a relatively high percentage of 28.7% of the entirety of the
samples (Kharroubi et al., 2020). Amongst the tested food categories, dairy had a notably
high number of microbiologically unacceptable food items, 530 out of 1,873 dairy samples,
which corresponds to 28.3% of dairy products (Kharroubi et al., 2020). Furthermore, of the

unacceptable dairy products 19.7% were contaminated with levels of E. coli exceeding the



maximum acceptable limit and 15.7% of these unacceptable dairy products were
contaminated with Staphylococcus aureus. In addition, some cheese samples were found to
harbor unacceptable levels of potentially harmful foodborne pathogens, including Salmonella
(1.6%), Listeria monocytogenes (23.7%), and Clostridium botulinum (4.5%) (Kharroubi et
al., 2020). This is problematic since dairy is a major source of nutrition amongst the Lebanese
population. Furthermore, amongst the tested foodborne pathogenic agents, there was no
testing for Campylobacter jejuni, which are the leading causes of bacterial gastroenteritis.
Furthermore, the microbiological testing, conducted by the campaign, was not
comprehensive as it did not include viral foodborne pathogens such as norovirus, the leading
cause of foodborne gastroenteritis, and hepatitis A, which resulted in 10,400 cases between
2005 and 2017 (Kharroubi et al., 2020). But also, no testing for parasitic foodborne
pathogens, such as Cryptosporidium, that is recently contributing to infections, was
performed (Kharroubi et al., 2020). No testing for the presence of potential chemical
contaminants was performed either (Kharroubi et al., 2020). Furthermore, the food safety
campaign launched by the Lebanese Ministry of Public Health was suspended in 2017. In
fact, the last weekly report published on the Ministry of Public Health’s website covered the
period spanning from 29/12/2016 to 05/01/2017 (Ministry of Public Health (MoPH). Since
then, no updates to the “Food Safety” section of the ministry’s website have been made.
Furthermore, food safety knowledge remains basic amongst employees of various sectors
amongst which the health care sector. A study by Bou-Mitri et al., assessed the knowledge,
attitude, and practices of food handlers in Lebanese hospitals. 254 food handlers were
recruited for the study (2018). Participants demonstrated general knowledge regarding food

safety. The respondents were knowledgeable regarding certain aspects related to the
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advanced preparation of food and the reheating of food and its contribution to food poisoning
with respective percentages of 58.7% and 78.3% (Bou-Mitri et al., 2018). In addition, 91.7%
of participants knew that the inappropriate use of cleaning and sanitization agents can
increase the risk of food poisoning (Bou-Mitri et al., 2018). However, the knowledge of
surveyed food handlers remained vague and basic. In fact. According to Bou-Mitri et al., the
food handlers, despite the majority having received food safety trainings, exhibited very poor
knowledge about the type of foods associated with some foodborne diseases (2018). This
could be related to the educational background of the handlers or to drawbacks in the training
programs in terms of scientific terms (Bou-Mitri et al., 2018). As of the attitudes there was a
misconception amongst the food handlers regarding the prevention of food contamination in
that about 60.6% of them believed that wearing protective clothing, including cap, masks,
protective gloves, and other types of clothing are enough to prevent food contamination
(Bou-Muitri et al., 2018). The main problems when it comes to the practices of food handlers
in Lebanese hospitals that were revealed in this study were mainly the use of the same utensils
to handle raw food to handle cooked foods, handling foods with untreated lesions covering
the hands, and thawing of food at room temperature for 22.4%, 37.8%, and 72.8% of food
handlers in the Lebanese hospitals (Bou-Mitri et al., 2018). The findings by Bou-Mitri et al.
reveal a major problem related to food safety in Lebanon. Indeed, the fact that food handlers
at the heart the Lebanese healthcare sector exhibit flaws in food safety knowledge, attitudes,
and practices can be indicative of a nationwide multi-sectoral food safety problem.

Another major problem in Lebanon that ties-in with food safety in Lebanon which is
antibiotic resistance. Lebanon suffers from high toll of antibiotic resistance that is partly due

to antibiotic misuse. Limited and basic knowledge about antibiotics amongst the Lebanese
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population is a leading cause of antibiotic misuse. A form of antibiotic misuse is self-
medication with antibiotics to treat non-bacterial infections and any related symptoms. In a
study by Jamhour et al., it was found that 61% of surveyed participants confirmed the use
antibiotics to treat a common cold (2017). There was a high correlation between self-
medication with antibiotics and the educational level (Jamhour et al., 2017). This draws a
relationship between the education and knowledge about antibiotics use and the practices by
users. However, the misuse of antibiotics spans beyond just lack of knowledge or basic
knowledge about antibiotics and takes the form of habit. In fact, according to Jamhour et al.,
83% of participants knew that the misuse of antibiotics could result in antibiotic resistance
(2017). Furthermore, according to Alhomoud et al., the two main forms of self-medication
with antibiotics are taking antibiotics without prescription and borrowing antibiotics from
friends or relatives (2017). Alhomoud et al., found the prevalence of self-medication with
antibiotics to range from 19% to 82% depending on various factors such as age, sex,
education, and income levels (2017). Another major problem is the use of critically important
antibiotics, that are designed to treat severe bacterial infections, in various other sector such
the agricultural and farming sectors. An example of critically important antibiotic that is
being used in the agricultural and farming practices is colistin. Colistin is a drug of the
Polymyxin class and is a last resort antibiotic to treat multidrug-resistant bacterial infections.
Colistin is classified as “Highest Priority” use by the World Health Organization (WHO). A
study by Kassem et al. revealed that twelve brands of antibiotics, used in animal farming to
treat or in certain cases prevent infections, contained colistin (2019). Even though the labels
of these antibiotics do not mention their use as growth promoters within their instruction,

there were instances where it was heard that these antibiotics are were being sold for that
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purpose (Kassem et al., 2019). Furthermore, it is important to note that most of these colistin-
containing antibiotics are used in poultry production. In fact, all the twelve brands of
antibiotics target poultry (Kassem et al., 2019). The unregulated and excessive use of this
highly important antibiotic in the farming practices has contributed to the increase of the
selective pressure of colistin resistant bacteria. Furthermore, a study conducted by Kassaify
et al. on main dairy farms in Lebanon revealed that the aminoglycosides gentamicin and
streptomycin are the most frequently used antibiotics in the farming sector (2013). Both these
antibiotics are used in human therapeutic treatments and being of the aminoglycosides class
they are classified by the WHO as “High Priority” (Kassaify et al., 2013; World Health
Organization [WHO], 2016). Furthermore, according to Kassaify et al., Despite the
interviewed farmers’ claims of using antibiotics in accordance with international regulations
and the prescriptions of the antibiotics, still antibiotic residues were detected in collected
milk samples (2013). Apart from affecting the gut microbiota, the presence of antibiotic
residues could be indicative of an excessive and extensive use of gentamicin and
streptomycin in the farming practices (Kassaify et al., 2013). The potential excessive and
prolonged use of these antibiotics, in themselves, could indicate a potential development of
antimicrobial resistance against them. This was validated by the findings by Kassaify et al.,
2013. In fact, out of a total of 21 Staphylococcus aureus isolates 100% and 95% were
resistant to gentamicin and streptomycin, respectively. But also, out of a total of 10 E. coli
isolates 100% and 60% were found to be resistant to gentamicin and streptomycin,
respectively. And thus, raw milk which is the basis of cheese and other dairy products is
contaminated with antibiotic resistant bacteria. This is problematic especially that some of

the locally produced cheeses are raw. Furthermore, a study by Dankar et al. assessed the
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knowledge, attitudes, and perceptions of Lebanese dairy farmers regarding the use of
antibiotics in the farming sector. There was misconception in some of the farmers’
knowledge regarding the reasons for the use of antibiotics in the farming sector. In fact,
despite a majority that agreed that antibiotics should only be administered to treat animal
infections, some farmers stated that antibiotics can also used for prophylaxis and growth
promotion (Dankar et al., 2022). Furthermore, when asked to elaborate on antibiotic misuse,
most farmers stated that antibiotics are deemed misused only when they are administered in
overdose to animals (Dankar et al., 2022). These farmers believed that an overdose
administration to animals will impact humans by their consumption of animal meat and milk
that is contaminated with antibiotic residues (Dankar et al., 2022). Only few farmers stated
that antibiotic misuse consists to the administration in underdose to animals in addition to its
administration in overdose to animals (Dankar et al., 2022). This shows contrasting
knowledge around the use of antibiotics in farming settings. But also, the farmers that were
interviewed in the study didn’t mention that part of antibiotic misuse consisted also in the
use of critically important antibiotics, made to treat severe human bacterial infections in a
healthcare setting, in the animal and farming sector. In addition, when asked about the
benefits of reducing antimicrobial use (AMU), most farmers answered that the major benefit
would be a reduction in antimicrobial resistance (AMR) (Dankar et al., 2022). Some of the
interviewed farmers, however, considered the major advantages in the reduction of AMU are
economic. In fact, these advantages included preserving the image of the dairy industry,
improving animal health, and reducing the withhold of animals’ milk and meat (Dankar et
al., 2022). As for the disadvantages in the reduction of AMU, most farmers agreed that the

use of antibiotics in themselves did not pose any adverse health risks, but rather stopping the
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administration of antibiotics to animals (Dankar et al., 2022). They believed that animal
ilIness and eventual death and the economic loss that results are a worse outcome of cutting
off antibiotics in their farming practices than AMR (Dankar et al., 2022).

Another major problem that ties-in to antibiotic resistance is the environmental
pollution in Lebanon. In fact, the high levels of fecal pollution in Lebanese natural water
sources contributes to the circulation of antibiotic resistance genes in different food systems.
In a study by Diab et al., it was shown that Lebanese natural water sources are contaminated
with antibiotic resistant Enterobacteriaceae harboring extended spectrum [-lactamase
(ESBL) and carbapenemase-encoding genes (2018). This is problematic because infections
by ESBL-producing Enterobacteriaceae are hard to treat as antibiotics available are not
effective in treating these infections. These types of infections often require intravenous (1V)
injections with carbapenems, as they are amongst the few antibiotics left that can treat them
(Centers of Disease Control and Prevention [CDC]). In addition, infections by
carbapenemase-producing  Enterobacteriaceae are also  problematic  because,
carbapenemases have versatile hydrolytic capacities that can even hydrolyze carbapenems,
which are considered in a way as last resort antibiotics (Centers of Disease Control and
Prevention [CDC]). This makes the treatment of infections by ESBL-producing
Enterobacteriaceae even harder. The types of water sources contaminated include estuary,
spring, and well water sources. contamination of these natural water sources occurs by the
release of untreated household, farm, and hospital effluent (Diab et al., 2018). For instance,
well water in Lebanon is heavily polluted, especially on the coastal region, due to sea water
infiltration. In fact, the groundwater is infiltrated by seawater at its highest, at the level of

Beirut (Saadeh and Wakim, 2017). this infiltration of seawater into groundwater is a potential
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contributor of the dissemination of antibiotic resistance genes into domestic water sources.
This is problematic since spring and well water sources are used for direct consumption and
used in washing ready to eat fruits and vegetables or to prepare food (Diab et al., 2018). As
for estuary it is used for animal consumption and farming practices (Diab et al., 2018).
According to Diab et al., The tested estuary water samples were found to harbor CTX-M-15
producing K. pneumoniae (3 isolates) and CTX-M-15, CTX-M-55, CMY-42, and SHV-12-
producing E. coli (12 isolates). While E. coli can be non-pathogenic, the extraintestinal
pathogenic strain E. coli (B2) of sequence ST121 was detected in the estuary water samples
as well as in spring water samples. This is highly problematic because this E. coli clone is
considered to be highly pathogenic due to the wide spectrum of infections that it causes in
both the community and the clinical setting and due to the high number of virulence genes
that it contains (Nicolas-Chanoine et al., 2014). The presence of K. pneumoniae in the estuary
water samples further confirms contamination by hospital effluent since, species of
Klebsiella, with the most notable being K. pneumoniae, are associated with infections in the
healthcare settings (Centers of Disease Control and Prevention [CDC]). This is also
problematic since the farming environment can affect the microbiological quality of milk
(Kassaify et al., 2013). And thus, the consumption of contaminated estuary can lead to the
contamination of raw animal milk with antibiotic resistant pathogens. This is evident in the
study by Diab et al., which detected the presence of ESBL and carbapenemase harboring
Enterobacteriaceae in raw bovine milk (2017). In fact, CTX-M-15 producing K. pneumoniae
were detected in the raw bovine milk with a 30.2% prevalence, deemed high. But also, 1 K.

pneumoniae isolate and 7 E. coli isolates, sharing the sequence type ST530, were found to
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produce the carbapenemase OXA-48 (Diab et al., 2017). Water pollution is also problematic
as it can affect the hygiene of the workers in local dairy production facilities.

On the other hand, with the prevalence of small-scale local dairy production facilities
in Lebanon, the problem of potential contamination, with foodborne pathogens, during
different stages arises. One of the foodborne pathogens that could result in the contamination
of dairy production is Staphylococcus aureus. S. aureus is an opportunistic gram -positive
pathogenic bacterium that colonizes the skin and nose of 25% of humans as well as animals
(Centers of Disease Control and Prevention [CDC]). It is a toxigenic bacterium capable of
inducing food poisoning in humans by their consumption of food containing the bacterial
enterotoxin (Centers of Disease Control and Prevention [CDC]). A In addition, S. aureus is
a primary causative agent of contagious mastitis in cows (Kimmel et al., 2016). Mastitis-
causing S. aureus has a potential to be transmitted from the cow’s udder and into the dairy
production. To assess the potential transmission of S. aureus from cattle with mastitis and
into different dairy products, a study was conducted by Kiimmel et al., 2016. This study was
conducted on 1176 quarter milk samples from 294 cows in lactation along with their
representative form as bulk tank milk samples from 18 different farms (Kiimmel et al., 2016).
It was found that S. aureus isolates from farms 3 and 13 were the strains that exhibited the
most efficient entry from farm to dairy production (Kimmel et al., 2016). These isolates
belong to cluster B which are characterized by the spa type t2953 of clonal complex 8 (CC8)
that is associated with contagiousness and high prevalence within the herd (Kimmel et al.,
2016). But also, strains of this cluster sequence type 8 (ST8) as well as the enterotoxin
encoding genes sea, sed, and sej (Kimmel et al., 2016). The characteristics of cluster B

strains describe genotype B of S. aureus. this genotype is found to be contagious (Cosandey
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et al., 2016). Furthermore, according to Kiimmel et al., some of cluster A dairy strains were
associated with the cluster B CC8 farm strains (2016). This could suggest that the cluster B
S. aureus adapted to the dairy production settings and developed the capacity to form biofilms
on the equipment of the dairy processing plant, thus contaminating dairy products (Kimmel
et al., 2016). This adaptation is suggested by the absence of capsule polysaccharide
expression in cluster B and some of the cluster A S. aureus which in turn increases the
expression of surface-associated adhesins (Kimmel et al., 2016). But also, another way S.
aureus could be transmitted from farm to dairy is the zoonotic potential of some S. aureus
strains. In fact, according to Kimmel et al., cluster B S. aureus strains of sequence type
ST2945 which were the most effectively transmitted strains from farm to dairy (2016). These
strains harbored genes that encode for the secretion of enterotoxins SEA, SED, and SEJ that
are known for their potential toxigenic activity in humans. In addition, SEA and SED toxins
are highly linked to dairy-associated foodborne outbreaks (Kimmel, 2016). Furthermore,
according to Kiimmel et al., the strains that were isolated were all methicillin susceptible S.
aureus (MSSA). However, in a study by Sato et al., conducted on retail meats, milk, and
cows with mastitis, the 7 S. aureus strains isolated from cows with mastitis were clonal
complex 8 (CC8) like the S. aureus isolates that were classified as cluster B in the study by
Kummel et al., but different sequence type and spa type, were found to be MRSA (Sato et
al., 2017). Furthermore, according to Sato et al., 1 of the 7 MRSA strains isolated from cows
with mastitis were found to be 100% genetically identical to 3 MRSA isolates from meat (2
isolates from beef and 1 isolate from pork) and to 10 community-acquired MRSA (CA-
MRSA) strains (2017). In addition, 3 MRSA strains isolated from cow with mastitis were

found to be 100% identical to 2 human CA-MRSA strains (Sato et al.2017). This could be
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due to the ability of MRSA to colonize both humans and cattle as part of zoonotic and reverse
zoonotic transmissions. In fact, according to Schnitt and Tenhagen, most MRSA strains that
colonize both humans and cattle were found to livestock-associated methicillin resistant
Staphylococcus aureus (LA-MRSA) (2020). But also, community-associated, and
healthcare-associated methicillin-resistant Staphylococcus aureus (CA/HA-MRSA) were
isolated from cows (Schnitt and Tenhagen, 2020). For instance, WA-MRSA-1, one of the
most prevalent CA-MRSA strains circulating in Australia, was isolated from a milk sample
of a subclinical mastitis case (Schnitt and Tenhagen, 2020). In another instance, the human-
associated epidemic Geraldine-MRSA clone (ST5, t002-1) was detected in a bovine milk
sample in France (Schnitt and Tenhagen, 2020). In addition, CA-MRSA (ST72, t324-1Va)
and HA-MRSA (t148-1Va) strains were detected in milk samples in Korea (Schnitt and
Tenhagen, 2020). This shows that MRSA spreads vastly in the between the farm setting and
the community, thus contributing to the dissemination and circulation of antibiotic resistant
of S. aureus strains. But also, MRSA like MSSA can be transmitted from humans to the
cheese via unhygienic handling.

MRSA can also cause food poisoning if it was colonizing the skin of the food handler
and he touched food without prior hand washing. The severity of the food poisoning caused
by MRSA, however, is same as that caused by MSSA and is independent of the antimicrobial
resistance profile of S. aureus (Sergelidis and Angelidis, 2017). In a study by Castro et al.,
162 food handlers volunteered for the assessment of their hands and nose for the presence of
S. aureus (2016). Furthermore, if detected the S. aureus isolates were tested for antimicrobial
susceptibility with 9 antimicrobial agents (Castro et al., 2016). But also, the strains were

tested for the presence of virulence factors by Smal-Pulse Field Gel Electrophoresis (Smal-
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PFGE). 11.1% of food handlers carried S. aureus on their hands, 6.2% of food handlers
carried S. aureus on their skin and in their nose, and 4.9% of food handlers carried on hands
but not in the nose (Castro et al., 2016). While food handlers with S. aureus on their hands
and that does not originate from their nose, probably acquired it from an external source, a
larger percentage of food handlers that carried S. aureus in their nose and on their hands,
acquired these strains from their own body (Castro et al., 2016). According to Castro et al.,
the investigated prevalence of S. aureus in the nose of food handlers was found 19.8% (2016).
This prevalence is included within the range of the mean nasal colonization rate in healthy
adults which is (20%,30%). This mean range represents the nasal colonization rate in
persistent carriers (Castro et al., 2016). Furthermore, a study by Osman et al., 5 out of 38
(13.2%) S. aureus strains isolated from the nasal carriages of Lebanese food handlers were
methicillin-resistant Staphylococcus aureus (MRSA) (2019). According to Osman et al., the
prevalence of MRSA in healthy carriers has heavily increased, compared to its prevalence in
the last decade (2019). Furthermore, one of the isolated MRSA strains was found to be
resistant to critically important antibiotics, including [-lactams, aminoglycosides,
tetracycline, and fusidic acid (Osman et al., 2019). These findings shed light on the role of
food handlers as healthy carriers of foodborne pathogens. This is relevant to the preparation
of local artisanal cheeses in Lebanon as most of them are prepared by hand.

Lebanon is a developing country that suffers from poor infrastructures, poor
wastewater management, and heavy environmental pollution. In addition, food safety in
Lebanon remains basic and flawed and research on the microbiological quality of food and
related foodborne illnesses remains limited. For instance, data regarding the microbiological

quality of local dairy products and related research remain limited. This is the case of white
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brine cheese. A particular example is Akkawi cheese. Akkawi cheese is a popular local food
item that is widely consumed. However, very few research studies were conducted to assess
the microbiological quality of Akkawi cheese and its role in the dissemination of antibiotic
resistance. Therefore, the current study examines the microbiological quality of Akkawi
cheese samples collected from different retail stores in Beirut. Fecal coliforms and
Escherichia coli are used as indicators of fecal pollution and Staphylococcus aureus is used
as hygiene indicator. Furthermore, the antimicrobial resistance status of E. coli and S. aureus

is assessed.
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CHAPTER lI

MATERIALS AND METHODS

A. Sample Collection

Fifty samples of Akkawi cheese were collected from different retail stores in Beirut.
The Akkawi cheese tested included Akkawi Baladi and Akkawi Cheeky. The sample analysis
was conducted on the same day the sample was collected. In rare instances, the sample was
collected a day prior to the time of analysis in which case the cheese was stored in the fridge
at a temperature of 4°C. The sample analysis took place at the microbiology lab in the
Nutrition and Food Sciences (NFSC) department of the Faculty of Agriculture and Food
Sciences (FAFS) at the American University of Beirut (AUB), Bliss Street, Hamra, Beirut,
Lebanon. The cheese samples were cut from the large cheese molds and were placed in sterile
sampling cups. Sampling was performed under aseptic conditions. Brine, if available, was

collected in sterile sample cups and was analyzed along with the cheese sample.

B. Culture and Isolation of Escherichia coli and Staphylococcus aureus

25 grams portions of the samples were homogenized with 225 ml of buffered peptone
water (BPW) using a stomacher. Two serial 10-fold dilutions in BPW were conducted using
the homogenized mixture as well as the brine. The 107 as well as the 102 dilutions of the
cheese-peptone mixture and the 10° as well as the 1072 dilutions of the brine were plated on
selective media. The plating procedure consisted in plating 100ul of each dilution for both
the cheese sample as well as the brine sample on both types of selective media plates.

Chromogenic Tryptone Bile X-glucuronic (TBX) agar used to isolate E. coli. TBX agar plates
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were incubated at a temperature of 37°C for 24 h. Baird-Parker agar (BPA) was used to isolate
Staphylococcus aureus. BPA plates were incubated at a temperature of 37°C for 48 h.
Glycerol stocks of the cheese and brine samples were prepared by adding 20 ml of 80%
glycerol solution to 40 ml of the cheese-peptone mixture and 5 ml of 80% glycerol solution
to 10 ml of brine solution and storing them in the freezer at a temperature of -20°C.
Following, incubation the number of E. coli, fecal coliforms, and S. aureus were counted.
Pure E. coli and S. aureus colonies that were isolated, were subjected to heavy streaking on
the appropriate agar media and incubated at 37°C for 24 h. As for impure colonies that were
isolated, they were purified by successive streaking on the corresponding agar media and
then subjected to heavy streaking and incubation at 37°C for 24 h. after pure colonies grew
on heavily streaked plates, they are isolated and used to prepare glycerol stocks. E. coli
glycerol stocks were prepared by dissolving the bacterial colonies in 1000pl of LB broth and
adding 500ul of 80% glycerol solution. As for S. aureus glycerol stocks, they were prepared
by dissolving the bacterial colonies in 1000ul of brain-heart infusion (BHI) broth and adding
500ul of 80% glycerol solution. The glycerol stocks are then stored in the freezer at -80°C,

until the antimicrobial resistance (AMR) testing started.

C. Antimicrobial Resistance (AMR)

Antibiotic resistance test of the isolated strains was done using the disk diffusion
method. At first the E. coli were cultured on TBX agar plates, 24 hours prior to conducting
the AMR test. few colonies of each isolate were taken using an inoculating loop and re-
dissolved in Mueller-Hinton (MH) broth. The optical density, at a wavelength of 600 nm

(ODeoo) of the MH broth, was adjusted to 0.050, using a spectrophotometer. uninoculated
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MH broth was used as blank. Once the optical density was adjusted, swabbing of the
inoculated MH broth on Mueller-Hinton (MH) agar was performed. Subsequently, antibiotic
disks were fixed on the plates, using a sterile tonsil. The antimicrobial disks used in AMR
testing include penicillin (PEN), ampicillin (AMP), amoxicillin-clavulanate (AMC),
cefepime (FEP), cefotaxime (CTX), cephalexin (LEX), cefixime (CFM), doripenem (DOR),
imipenem (IPM), meropenem (MEM), gentamicin (GEN), kanamycin (KAN), streptomycin
(STR), tetracycline (TET), ciprofloxacin (CIP), norfloxacin (NOR), trimethoprim-
sulfamethoxazole (SXT), chloramphenicol (CHL), and colistin (CS). Erythromycin (ERY)
was used as control. This was followed by a 24-hour incubation of the plates at a temperature
of 37 °C. Following the incubation, the strains were determined as resistant, intermediate, or
susceptible to the antibiotic, based on the measured diameter of the zone of inhibition that

was formed around the antibiotic disk.

D. Measurement of pH and Salinity of Brine Samples

The pH of the brine is measured using the pH-meter. The electrode of the pH-meter
was placed in the brine sample and pH value is determined.

The electric conductivity of the cheese brine samples was measured using the
conductometer. The electrode of the conductometer was placed in the brine sample and
electric conductivity value is determined. The salinity of the brine is derived from the
conductivity, using the formula:

Salinity (g/L) = (Conductivity (mS/cm))*%78*0 4665
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E. Polymerase Chain Reaction (PCR)
The primer working solutions used in the PCR reactions were obtained by performing

a 1:5 (primer: DNase free water) dilution of the primer mother solution.

1. For Escherichia coli

Boil prep for E. coli isolates was conducted by suspending the isolates in 100l
DNase free water. The mixture was then boiled at 95°C for 12 minutes using a VWR® thermal
cycler. This was followed by the centrifugation of the Boil prep mixture at 13.3 rpm for 2
minutes. The supernatant was then extracted.

The PCR reactions for E. coli consisted of 6ul DNase free water, 10ul of
(REDTag® ReadyMix™ PCR Reaction Mix 2x concentrate), 0.5l the primers, and 3l of the
DNA to be analyzed. The total volume of each PCR reaction was 20ul. The PCR reactions
were conducted using a Bio-Rad® C1000 thermal cycler.

16S rRNA PCR was conducted as a solid confirmation of E. coli isolates. The targeted
gene was the 16S E. coli gene and the  primers  16S-1-f
(AAGAAGCTTGCTTCTTTGCTGAC) and 16S-1-r
(AGCCCGGGGATTTCACATCTGACTTA). The PCR conditions consisted of an initial
denaturation at 95°C for 2 minutes, followed by 38 cycles of denaturation at 95°C for 30
seconds, annealing at 58°C for 45 seconds, and extension 72°C for 1 minute followed by a

final extension at 72°C for 10 minutes.
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2. For Staphylococcus aureus

Boil prep for S. aureus isolates was conducted by suspending the isolates in a mixture
of 5ul of proteinase K and 100ul of Triton X buffer (100 mM NaCl, 10 mM EDTA, 1 mM
Tris HCI, 1% Triton X-100). The mixture was then incubated at 37°C for 10 minutes before
being boiled at 95°C for 12 minutes using a VWR® thermal cycler. This was followed by the
centrifugation of the Boil prep mixture at 13.3 rpm for 2 minutes. The supernatant was then
extracted.

The PCR reactions for S. aureus consisted of 6ul DNase free water, 10ul of
(REDTag® ReadyMix™ PCR Reaction Mix 2x concentrate), 0.5l the primers, and 3l of the
DNA to be analyzed. The total volume of each PCR reaction was 20ul. The PCR reactions
were conducted using a Bio-Rad® C1000 thermal cycler.

femB gene detection was conducted using PCR to confirm S. aureus isolates that
exhibited the morphological criteria typical to S. aureus. the forward primer is
(TTACAGAGTTAACTGTTACC) and the reverse primer is
(ATACAAATCCAGCACGCTCT). The PCR conditions consisted of an initial denaturation
at 95°C for 4 minutes, followed by 30 cycles of denaturation at 94°C for 1 minute, annealing
at 50°C for 45 seconds, and extension 72°C for 3 minutes followed by a final extension at
72°C for 10 minutes.

mecA gene detection was conducted using PCR to detect methicillin resistant S.
aureus (MRSA) isolates that exhibited the morphological criteria typical to S. aureus. the
forward primer is (GTAGAAATGACTGAACGTCCGATAA) and the reverse primer is
(CCAATTCCACATTGTTTCGGTCTAA). The PCR conditions consisted of an initial

denaturation at 95°C for 4 minutes, followed by 30 cycles of denaturation at 94°C for 1
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minute, annealing at 50°C for 45 seconds, and extension 72°C for 3 minutes followed by a

final extension at 72°C for 10 minutes.

F. Statistical Analysis

A simple linear regression analysis was conducted using SPSS 23.0, to study the
correlation between the bacterial densities in the Akkawi cheese samples and the bacterial
densities in the brine samples. But also, simple linear regression analysis to study the

correlation between the bacterial densities and the parameters of the brine: pH and salinity

(g/L).
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CHAPTER II

RESULTS

A. Bacterial Densities
1. Bacterial Densities in Cheese Samples

Results revealed major fecal pollution of cheese samples. In fact, of a total of 50
Akkawi cheese samples, 40 (80%) cheese samples were contaminated with Escherischia coli.
E. coli level ranged from about 2.92 to 7.31 logi10CFU/g heavily exceeding the maximum
acceptable level of the Lebanese standard LIBNOR (Figure 1). In fact, out of the the 40
Akkawi cheese samples contaminated with E. coli, 37 samples (92.5%) exceeded the
maximum acceptable level of 3 log1oCFU/g (1000 CFU/Qg) as per the 2002 LIBNOR standard
for Akkawi cheeses (2002:223). Furthermore, 40 out of 40 (100%) of contaminated with E.
coli, were found to exceed the maximum acceptable level of <1 log10CFU/g (<10 CFU/qg) as
per the LIBNOR 2003 standard for Akkawi cheeses (2003:495) (Figure 1). Likewise, fecal
coliform densities were relatively high, ranging from about 2.92 to 7.88 log10CFU/g. Despite
the absence of a Lebanese standard for fecal coliforms in Akkawi Cheese, these densities
were deemed extremely high (Figure 1). 43 out of 50 (86%) cheese samples were
contaminated with fecal coliforms. Despite only 16 out of 50 (32%) of Akkawi cheese
samples were contaminated with Staphylococcus aureus, the densities exceeded the
maximum acceptable levels based on Lebanese standards (Figure 2). In fact, 14 out of 16
(87.5%) of contaminated samples exhibited S. aureus densities that exceeded the maximum
acceptable level of 3 logi0CFU/g (1000 CFU/g) as per the 2002 LIBNOR standard for

Akkawi cheese (2002:223). Furthermore, 16 out of 16 (100%) of the contaminated samples
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exhibited S. aureus densities that exceeded the maximum acceptable level of 2 log10CFU/g

(100 CFU/Qg) as per the 2003 LIBNOR standard for Akkawi cheese (2003:495) (Figure 2).

Loganthmic Clustered Bar Chart of the Fecal Indseators Count (CFUg) per Cheese Sample
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Figure 1. Escherichia coli and fecal coliform densities (logi0CFU/g) in Akkawi cheese
samples
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Loganthmic Clustered Bar Chart of the Staphviococel Count (CFUg) per Cheese Sampic
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Figure 2. Staphylococcus aureus and other staphylococci densities (logioCFU/g) in Akkawi
cheese samples

2. Bacterial Densities in Brine Samples

13 brine samples were collected. Out of the 13 brine samples, 4 (30.8%) were
contaminated with E. coli, 10 (77.0%) were contaminated with fecal coliforms (Figure 3),
and 1 (7.7%) was contaminated with S. aureus (Figure 4). Despite the absence of a Lebanese
standard for the microbiological quality white cheese brine, the densities were relatively high.
Indeed, 100% of samples contaminated with E. coli, and 90% of samples contaminated with
fecal coliforms exhibited densities that exceeded 3 logioCFU/mI (Figure 3). As for the
Staphylococcus aureus the comntaminated sample exhibited a count of 3 logioCFU/mI

(Figure 4).
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Logarithmic Clestered Bar Chart of the Fecal Indicators Count (CFUml) per Brine Sample
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Figure 3. Escherichia coli and fecal coliform densities (logioCFU/mI) in Akkawi brine
samples

Loganthmic Clestered Bar Chart of the Stiphylococer Count (CFLml) per Brine Sample
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Figure 4. Staphylococcus aureus and other staphylococci densities (logi.o0CFU/mI) in Akkawi
brine samples
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Cheese E. coli  Cheese fecal pH Salinity (g/L)
coliforms

Brine E. coli 0.923 - 0.017 0.265
Brine fecal - 0.800 0.232 0.359
coliforms

Cheese E. coli - - 0.077 0.309
Cheese fecal - - 0.382 0.290
coliforms

Table 1. Correlation coefficients (R) from Pearson correlation analysis between the brine
Escherichia coli and fecal coliforms densities and the cheese Escherichia coli and fecal
coliforms densities, as well as the pH, and salinity (g/L) of the brine and from Pearson
correlation analysis between the cheese Escherichia coli and fecal coliforms densities and
the pH and salinity (g/L) of the brine.

staphylococci

Cheese S. Cheese other pH Salinity (g/L)
aureus staphylococci

Brine S. aureus | 0.091 - 0.022 0.058

Brine other - 0.006 0.402 0.278

staphylococci

Cheese S. - - 0.323 0.165

aureus

Cheese other - - 0.145 0.418

Table 2. Correlation coefficients (R) from Pearson correlation analysis between the brine
Staphylococcus aureus and other staphylococci densities and the cheese Staphylococcus
aureus and other staphylococci densities, pH, and salinity (g/L) and from Pearson correlation
analysis between the cheese Staphylococcus aureus and other staphylococci densities and the

pH and salinity (g/L) of the brine.
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A strong positive linear association was found between the densities of E. coli and
fecal coliform strains isolated from the cheese and the densities of isolates from the brine,
with respective Pearson correlation coefficients of R=0.923 and R=0.800 (Table 1).
Conversely, a negligeable positive linear association was found between the densities of S.
aureus and other staphylococci strains isolated from the cheese and the densities of isolates
from the brine, with respective Pearson correlation coefficients of R=0.923 and R=0.800
(Table 2). As such, the brine samples can only be used as a predictor for E. coli and fecal
coliform densities.

While a negligeable positive linear association was found between the S. aureus
densities isolated from the brine and both the pH and the salinity of the brine solution with
respective Pearson correlation coefficients R=0.022 and R=0.058, a negligeable positive
linear association was only found between the E. coli densities isolated from the brine and
the pH of the brine solution (R=0.017) (Table 1). Whereas a weak to moderate positive linear
association between the E. coli densities isolated from the brine and the salinity of the brine
solution (R=0.265) (Table 1). A moderate positive linear association was found between the
fecal coliform densities isolated from the brine and the salinity of the brine solution
(R=0.359) and between other staphylococci densities isolated from the brine and the pH of
the brine solution (R=0.402) (Table 2). A weak positive linear association was found
between the fecal coliform densities isolated from the brine and the pH of the brine (R=0.232)
(Table 1). A weak to moderate positive linear association was found between other
staphylococci densities and the salinity of the brine solution (R=0.278) (Table 2).

While a negligeable positive linear association was found between the E. coli

densities isolated from the cheese and the pH of the brine (R=0.077), a moderate positive
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linear association was found between the fecal coliform densities isolated from the cheese
and the pH of the brine (R=0.382) (Table 1). A moderate positive linear association was
found between the E. coli densities isolated from the cheese and the salinity of the brine
(R=0.309), whereas a weak to moderate positive linear association was found between the
fecal coliform densities isolated from the cheese and the salinity of the brine (R=0.077)
(Table 1). As for Staphylococcus, a moderate positive linear association was found between
the S. aureus densities isolated from the cheese and the pH of the brine (R=0.323) (Table 2).
Whereas a weak positive linear association was found between other staphylococci densities
isolated from the cheese and the pH of the brine (R=0.145) (Table 2). Conversely, a weak
positive linear association was found between the S. aureus densities isolated from the cheese
and the salinity of the brine (R=0.165), while a moderate positive linear association was
found between other staphylococci densities isolated from the cheese and the salinity of the

brine (R=0.165) (Table 2).

B. Antimicrobial Resistance of Escherichia coli Isolates
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Percentage of Antibiotic Resistance To Different Antibiotics in
Isolated Escherichia coli strains
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Figure 5. Percentage of antimicrobial resistance to different antibiotics amongst Escherichia
coli isolated from Akkawi cheese and the collected brine.

Antibiotic Akkawi Cheese Akkawi Brine Total
Isolates Isolates n=135 (%)
n=118 (%) n=17 (%)

Penicillin 118 (100) 17 (100) 135 (100)

Ampicillin 80 (67.8) 12 (70.6) 92 (68.1)

Amoxicillin- 104 (88.1) 15 (88.2) 119 (88.1)

Clavulanate

Cefepime 24 (20.3) 5(29.4) 29 (21.5)

Cefotaxime 48 (40.7) 10 (58.8) 58 (43.0)

Cephalexin 78 (66.1) 7(41.2) 85 (63.0)

Cefixime 21 (17.8) 4 (23.5) 25 (18.5)

Doripenem 45 (38.1) 2 (11.8) 47 (34.8)

Meropenem 44 (37.3) 3(17.6) 47 (34.8)

Imipenem 21 (17.8) 2 (11.8) 23 (17.0)

Gentamicin 48 (40.7) 6 (35.3) 54 (40.0)

Kanamycin 42 (35.6) 6 (35.3) 48 (35.6)

Streptomycin 68 (57.6) 10 (58.8) 78 (57.8)

Tetracycline 47 (39.8) 8(47.1) 55 (40.7)

Ciprofloxacin 6 (5.1) - 6 (4.4)

35




Norfloxacin 5(4.2) 1(5.9) 6 (4.4)
Trimethoprim- 55 (46.6) 8(47.1) 63 (46.7)
Sulfamethoxazole

Chloramphenicol 32 (27.1) 6 (35.3) 38 (28.1)
Multidrug Resistant 90 (76.3) 11 (64.7) 101 (74.8)
Isolates

Table 3. Prevalence of phenotypical antimicrobial resistance in Escherichia coli isolated
from Akkawi cheese and the collected brine.

The Kirby-Bauer disk diffusion assay was conducted to screen a total of 135
Escherichia coli isolates, 118 strains were isolated from cheese samples and 17 were isolated
from the collected brine samples. These E. coli isolates were confirmed via 16S-rRNA PCR
testing. Overall, the highest observed antibiotic resistances amongst the E. coli isolates were
against amoxicillin-clavulanate, ampicillin, cephalexin, and streptomycin, with respective
rates of about 88.1%, 68.1%, 63.0%, and 57.8% (Figure 5). The lowest observed resistance
was the fluoroquinolones ciprofloxacin and norfloxacin with a resistance rate of 4.4%
(Figure 5). A similar resistance pattern was observed for the Akkawi cheese E. coli strains.
In fact, the highest observed antibiotic resistances were against amoxicillin-clavulanate,
ampicillin, cephalexin, and streptomycin with respective rates of about 88.1%, 67.8%,
66.1%, and 57.6% (Table 3). As for the E. coli strains isolated from the brine samples, they
also exhibited a similar pattern of resistance as those isolated from cheese samples in that
highest resistance was observed against amoxicillin-clavulanate (88.2%), ampicillin
(70.6%), and Streptomycin (58.8%), however, resistance against the cephalosporin
cefotaxime (58.8%) was higher than that against cephalexin (41.2%) (Table 3). Resistance

against fluoroquinolones was the lowest amongst both cheese and brine isolated E. coli
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strains. Indeed, the respective resistance rates for ciprofloxacin and norfloxacin were 5.1%

and 4.2% (Table 3). As for the brine isolates a low resistance resistance against Norfloxacin

(5.9%) was observed and no phenotypic resistance against ciprofloxacin was observed

(Table 3). Of the 135 E. coli isolates a total of 101 strains (74.8%) were found to be multidrug

resistant (MDR) as they were resistant to at least three classes of antibiotics (Table 3). The

proportion of MDR strains was found to be higher amongst the E. coli strains isolated from

cheese than the strains isolated from the brine with a percentage of 76.3% against 64.7%

(Table 3).

Sample

Number
of
antibiotics

Resistance profile

Number
of isolates

Isolates

Akkawi
Cheese

1

PEN

8

“Cheese B-Dilution 1071 (1)
[RE]”, “Cheese V-Dilution 10"-1
(1) [RE]”, “Cheese W-Dilution
10"-1 (2) [RE]”, “Cheese X-
Dilution 10"-1 (1)”, “Cheese X-
Dilution 10"-1 (2) [RE]”,
“Cheese Y-Dilution 101 (2)
[RE]”, “Cheese BA-Dilution
10"-1 (1) [RE]”,

PEN-AMC

“Cheese T-Dilution 1071 (3)
[RE]”, “Cheese Y-Dilution 10"-
3(2)”, “Cheese Y-Dilution 10"-1
(1) [RE]”, “Cheese RA-Dilution
1071 (1)

PEN-AMC-CTX

“Cheese T-Dilution 107-1 (1)
[RE]”, “Cheese Y-Dilution 10"-1
(3) [RE]”

PEN-AMP-SXT

“Cheese  A-Dilution  10"-1-
Trial”, “Cheese T-Dilution 10"-1
(4) [RE]”

PEN-AMP-AMC-LEX

“Cheese  X-Dilution 107-3”,
“Cheese HA-Dilution 107-1 (2)
[RE]”
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PEN-AMP-AMC-LEX-IPM

“Cheese GA-Dilution 1071 (1),
“Cheese GA-Dilution 10"-1 (2)”

6 PEN-AMP-AMC-LEX- “Cheese U-Dilution 1071 (2)”,
DOR-MEM “Cheese WA-Dilution 10"-1 (2)”

7 PEN-AMP-AMC-CTX- “Cheese X-Dilution 107-1 (1)”,
LEX-MEM-STR “Cheese Z-Dilution 10"-3”

8 PEN-AMP-AMC-LEX- “Cheese HA-Dilution 107-1 (4)
KAN-STR-TET-SXT [RE]”, “Cheese KA-Dilution

1071 (1)”, “Cheese KA-Dilution
10n-1 (2)”

11 PEN-AMP-AMC-LEX- “Cheese R-Dilution 107-1 (1)”,
DOR-GEN-KAN-STR- “Cheese NA-Dilution 107-1 (2)
TET-SXT-CHL [RE]”, “Cheese VA-Dilution

10n-1 (2)”

14 PEN-AMC-FEP-CTX- “Cheese JA-Dilution 107-3 (1),
LEX-CFM-DOR-MEM- “Cheese JA-Dilution 107-3 (4)”
GEN-KAN-STR-TET-SXT-

CHL

15 PEN-AMP-AMC-FEP- “Cheese G-Dilution 107-1 (1),
CTX-LEX-CFM-DOR- “Cheese J-Dilution 1071 (4)”,
MEM-GEN-KAN-STR- “Cheese JA-Dilution 10"-3 (2)”,
TET-SXT-CHL “Cheese MAII-Dilution 107-1

() [RE]”

3 PEN-AMP-STR “Cheese B-Dilution 10"-1”

12 PEN-AMP-AMC-FEP- “Cheese C-Dilution 10"-3(1)”
CTX-LEX-CFM-STR-TET-

CIP-NOR-SXT

8 PEN-AMP-AMC-GEN- “Cheese C-Dilution 10"-3(2)”
KAN-TET-SXT-CHL

14 PEN-AMP-AMC-FEP- “Cheese C-Dilution 10"-3(3)”
CTX-LEX-CFM-MEM-

KAN-STR-TET-CIP-NOR-
SXT

13 PEN-AMP-AMC-CTX- “Cheese C-Dilution 107-1 (1)
LEX-CFM-DOR-MEM-

IPM-STR-TET-NOR-SXT

5 PEN-AMP-AMC-LEX- “Cheese C-Dilution 107-1 (3)”
DOR

9 PEN-AMP-CTX-LEX- “Cheese C-Dilution 101 (1)
CFM-MEM-STR-TET-SXT [RE]”

12 PEN-AMP-AMC-LEX- “Cheese C-Dilution 101 (2)

GEN-KAN-STR-TET-CIP-
NOR-SXT-CHL

[RE]”
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10

PEN-AMP-AMC-FEP-
CTX-LEX-DOR-MEM-
IPM-GEN

“Cheese E-Dilution 1071 (2)”

7 PEN-AMP-AMC-CTX- “Cheese E-Dilution 101 (3)”
DOR-MEM-STR
11 PEN-AMP-AMC-LEX- “Cheese G-Dilution 107-1 (3)”
IPM-GEN-KAN-STR-TET-
SXT-CHL
12 PEN-AMP-AMC-FEP- “Cheese J-Dilution 10"-3 (4)”
LEX-CFM-MEM-KAN-
STR-TET-SXT-CHL
9 PEN-AMP-AMC-IPM- “Cheese J-Dilution 10"-1 (1)~
GEN-KAN-STR-TET-SXT
7 PEN-AMC-FEP-CTX- “Cheese J-Dilution 10"-1 (3)”
LEX-DOR-MEM
4 PEN-AMP-GEN-STR “Cheese K-Dilution 10"-1 (2)
[RE]”
3 PEN-LEX-IPM “Cheese L-Dilution 107-1 (2)
[RE]”
10 PEN-AMP-AMC-CTX- “Cheese R-Dilution 10"-1 (2)”
GEN-KAN-TET-CIP-SXT-
CHL
12 PEN-AMC-FEP-CTX- “Cheese S-Dilution 107-1 (2)”
LEX-DOR-MEM-IPM-
GEN-KAN-TET-CIP
13 PEN-AMP-AMC-CTX- “Cheese S-Dilution 107-1 (3)”
CFM-DOR-MEM-IPM-
GEN-KAN-STR-TET-SXT
7 PEN-AMP-AMC-CTX- “Cheese T-Dilution 101 (1)”
LEX-DOR-MEM
10 PEN-AMC-FEP-CTX- “Cheese T-Dilution 101 (2)”
LEX-CFM-DOR-MEM-
GEN-KAN
4 PEN-AMC-CTX-DOR “Cheese T-Dilution 1071 (2)
[RE]”
5 PEN-AMP-AMC-LEX- “Cheese U-Dilution 10*-1 (1)
MEM
4 PEN-AMC-LEX-DOR “Cheese U-Dilution 101 (3)”
9 PEN-AMC-FEP-CTX- “Cheese V-Dilution 10*-1 (1)
LEX-DOR-MEM-GEN-
STR
7 PEN-AMP-AMC-CTX- “Cheese V-Dilution 10"-1 (2)”
LEX-STR-SXT
4 PEN-AMC-LEX-STR “Cheese V-Dilution 10*-1 (3)”
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PEN-AMC-DOR-GEN-
KAN-STR-SXT-CHL

“Cheese V-Dilution 10M-1 (2)
[RE]”

2 PEN-STR “Cheese V-Dilution 1071 (3)
[RE]”
2 PEN-CTX “Cheese W-Dilution 107-1 (1)
[RE]”

6 PEN-AMC-CTX-LEX- “Cheese X-Dilution 10*-1 (3)”
STR-SXT

8 PEN-AMP-AMC-FEP- “Cheese X-Dilution 10*-1 (4)”
CTX-LEX-STR-SXT

6 PEN-AMC-LEX-CFM- “Cheese Z-Dilution 107-1 (1)”
MEM-STR

12 PEN-AMP-AMC-CTX- “Cheese Z-Dilution 107-1 (2)”
LEX-DOR-MEM-GEN-
KAN-STR-TET-CHL

12 PEN-AMP-AMC-CTX- “Cheese Z-Dilution 107-1 (3)”
DOR-MEM-GEN-KAN-
STR-TET-SXT-CHL

7 PEN-AMP-AMC-CTX- “Cheese AA-Dilution 107-1 (2)”
LEX-MEM-SXT

4 PEN-AMC-FEP-SXT “Cheese AA- Dilution 10°-1”

8 PEN-AMP-AMC-LEX- “Cheese CA-Dilution 10*-1 (1)”
CEM-GEN-KAN-STR

9 PEN-AMP-AMC-CTX- “Cheese CA-Dilution 107-1 (2)”
MEM-GEN-KAN-STR-
SXT

7 PEN-AMC-LEX-DOR- “Cheese CA-Dilution 10*-1 (3)”
MEM-IPM-STR

9 PEN-AMP-AMC-CTX- “Cheese CA-Dilution 107-3”
LEX-DOR-MEM-IPM-SXT

8 PEN-AMP-AMC-FEP- “Cheese EA-Dilution 107-1 (1)”
LEX-IPM-GEN-STR

7 PEN-AMP-AMC-GEN- “Cheese EA-Dilution 10°-1 (3)
KAN-TET-CHL [RE]”

7 PEN-AMP-AMC-CTX- “Cheese GA-Dilution 1071 (3)”
LEX-IPM-STR

8 PEN-AMP-AMC-CTX- “Cheese GA-Dilution 107-1 (4)”
LEX-IPM-GEN-STR

10 PEN-AMP-AMC-LEX- “Cheese HA-Dilution 10*-1 (1)
DOR-MEM-STR-TET-CIP- [RE]”
SXT

9 PEN-AMP-AMC-DOR- “Cheese HA-Dilution 107-1 (3)

MEM-GEN-STR-TET-SXT

[RE]”
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12

PEN-AMP-AMC-FEP-
CTX-LEX-CFM-DOR-
MEM-GEN-NOR-SXT

“Cheese IA-Dilution 1071 (2)”

14 PEN-AMP-AMC-FEP- “Cheese JA-Dilution 10°-3 (3)”
CTX-LEX-CFM-DOR-
MEM-GEN-KAN-STR-
TET-SXT

8 PEN-AMP-AMC-LEX- “Cheese JA-Dilution 10°-1 (1)
GEN-KAN-TET-CHL [RE]”

13 PEN-AMP-AMC-FEP- “Cheese LA-Dilution 10°-1 (1)”
CTX-LEX-CFM-DOR-
MEM-STR-TET-SXT-CHL

10 PEN-AMP-AMC-CTX- “Cheese LA-Dilution 1071 (2)”
LEX-DOR-MEM-IPM-
GEN-STR

8 PEN-AMP-AMC-KAN- “Cheese LA-Dilution 1071 (*)”
STR-TET-SXT-CHL

5 PEN-AMP-AMC-GEN- “Cheese LA-Dilution 10°-1 (1)
SXT [RE]”

7 PEN-AMC-CTX-LEX- “Cheese LA-Dilution 10°-1 (3)
IPM-GEN-SXT [RE]”

10 PEN-AMP-AMC-CTX- “Cheese MA(I)-Dilution 107-1
LEX-DOR-MEM-IPM- (1)
KAN-STR

11 PEN-AMP-AMC-FEP- “Cheese MA(T)-Dilution 10~-1
CTX-LEX-DOR-IPM- Q)"
GEN-KAN-STR

9 PEN-AMP-AMC-GEN- “Cheese MA(I)-Dilution 107-1
KAN-STR-TET-SXT-CHL 4)”

9 PEN-AMP-AMC-CTX- “Cheese MAII-Dilution 107-1
LEX-DOR-MEM-STR- (1) [RE]”
SXT

8 PEN-AMP-AMC-LEX- “Cheese MAII-Dilution 107-1
MEM-GEN-KAN-STR (2) [RE]”

13 PEN-AMP-AMC-FEP- “Cheese NA-Dilution 1071 (2)”
LEX-CFM-DOR-MEM-
GEN-KAN-STR-TET-SXT

9 PEN-AMP-AMC-LEX- “Cheese NA-Dilution 1071 (*)”
KAN-STR-TET-SXT-CHL

12 PEN-AMP-AMC-CTX- “Cheese NA-Dilution 10°-1 (1)
LEX-DOR-MEM-IPM- [RE]”
GEN-KAN-STR-CHL

9 PEN-AMP-AMC-DOR- “Cheese NA-Dilution 10°-1 (4)

MEM-GEN-STR-TET-CHL

[RE]”
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5 PEN-AMP-AMC-LEX- “Cheese OA-Dilution 10"-1 (1)~
GEN

8 PEN-AMP-AMC-LEX- “Cheese OA-Dilution 10"-1 (2)”
STR-TET-SXT-CHL

6 PEN-AMC-LEX-TET- “Cheese OA-Dilution 107-1 (1)
SXT-CHL [RE]”

8 PEN-AMP-AMC-CTX- “Cheese OA-Dilution 107-1 (2)
LEX-TET-SXT-CHL [RE]”

3 PEN-AMC-LEX “Cheese PA-Dilution 10"-3 (1)”

11 PEN-AMC-FEP-LEX- “Cheese QA-Dilution 10"-1 (1)~
CFM-DOR-MEM-KAN-
STR-TET-CHL

5 PEN-AMP-AMC-CTX- “Cheese QA-Dilution 10"-3 (1)
LEX

5 PEN-AMP-AMC-GEN- “Cheese QA-Dilution 107-1 (1)
STR [RE]”

7 PEN-AMP-AMC-LEX- “Cheese QA-Dilution 107-1 (1)
GEN-KAN-STR [RE]”

3 PEN-AMC-STR “Cheese RA-Dilution 10"-1 (2)”

14 PEN-AMP-AMC-FEP- “Cheese SA-Dilution 10"-1 (1)”
CTX-LEX-CFM-DOR-
GEN-KAN-STR-TET-SXT-
CHL

10 PEN-AMP-AMC-LEX- “Cheese UA-Dilution 10"-1 (1)~
IPM-GEN-STR-TET-SXT-
CHL

6 PEN-AMP-AMC-STR- “Cheese UA-Dilution 10"-1 (2)”
TET-SXT

9 PEN-AMP-AMC-LEX- “Cheese UA-Dilution 10"-1 (3)”
IPM-GEN-STR-TET-SXT

10 PEN-AMP-AMC-CTX- “Cheese VA-Dilution 10"-1 (1)
LEX-DOR-MEM-STR-
TET-SXT

10 PEN-AMP-AMC-LEX- “Cheese VA-Dilution 10"-1 (3)”
GEN-KAN-STR-TET-SXT-
CHL

4 PEN-AMP-AMC-DOR “Cheese WA-Dilution 10"-1 (1)”

5 PEN-AMP-AMC-LEX- “Cheese WA-Dilution 10"-1 (3)”
DOR

Akkawi 1 PEN “Cheese B-Brine-Dilution 10"-1
Cheese (1), “Cheese B-Brine-Dilution
Brine 10"-1 (3)
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5 PEN-AMP-AMC-LEX- “Cheese B-Brine-Dilution 107-1
CFM )’
14 PEN-AMP-AMC-FEP- “Cheese P-Brine-Dilution 107-1
CTX-LEX-CFM-DOR- Q)"
MEM-IPM-STR-TET-
NOR-SXT
5 PEN-AMC-FEP-CTX-STR “Cheese P-Brine-Dilution 107-1
(1) [RE]”
4 PEN-AMC-FEP-CTX “Cheese P-Brine-Dilution 107-1
(2) [RE]”
13 PEN-AMP-AMC-CTX- “Cheese R-Brine-Dilution 107-1
LEX-CFM-MEM-GEN- 3)”
KAN-STR-TET-SXT-CHL
10 PEN-AMP-AMC-LEX- “Cheese R-Brine-Dilution 107-1
GEN-KAN-STR-TET-SXT- )"
CHL
10 PEN-AMP-AMC-FEP- “Cheese R-Brine-Dilution 10"-1
GEN-KAN-STR-TET-SXT- (1) [RE]”
CHL
12 PEN-AMP-AMC-FEP- “Cheese R-Brine-Dilution 107-1
CTX-CFM-GEN-KAN- (2) [RE]”
STR-TET-SXT-CHL
10 PEN-AMP-AMC-CTX- “Cheese R-Brine-Dilution 107-1
GEN-KAN-STR-TET-SXT- (3) [RE]”
CHL
9 PEN-AMP-AMC-GEN- “Cheese R-Brine-Dilution 107-1
KAN-STR-TET-SXT-CHL (4) [RE]”
8 PEN-AMP-AMC-CTX- “Cheese X-Brine-Dilution 107-1
LEX-DOR-MEM-IPM )"
3 PEN-AMP-AMC “Cheese AA-Brine-Dilution 10"-
1 (1)
3 PEN-AMC-CTX “Cheese AA-Brine-Dilution 10"-
1 (2) [RE]”
6 PEN-AMP-AMC-CTX- “Cheese AA-Brine-Dilution 10"-
LEX-STR 1 (3) [RE]”
8 PEN-AMP-AMC-CTX- “Cheese AA-Brine-Dilution 10"-
LEX-STR-TET-SXT 1 (4) [RE]”

Table 4. Prevalence of Phenotypic Resistance of Escherichia coli strains isolated from the
Akkawi cheese samples and from the brine samples
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Of the 94 antibiotic resistance phenotypes of cheese isolates 12 phenotypes (12.8%)
were recurring and shared amongst the strains. Of the 12 phenotypes the most frequent
phenotype was PEN and it occurred in 8 E. coli isolates (6.8%) (Table 4). Amongst the
multidrug resistant (MDR) cheese isolates, the most frequent resistant phenotype was PEN-
AMP-AMC-FEP-CTX-LEX-CFM-DOR-MEM-GEN-KAN-STR-TET-SXT-CHL and
occurred in 4 cheese isolates (3.4%) (Table 4). 82 isolates (69.5%) of the cheese isolates
exhibited unique antibiotic resistance phenotypes. As for the brine isolates, of the 16
resistance phenotypes, only one (6.3%) which is PEN occurred in 2 brine isolates (11.8%)
(Table 4). The remaining 15 isolates (88.2%) exhibited unique resistance phenotypes (Table
4). Of the resistance phenotypes of cheese isolates, 30 (31.9%) included at least 10
antibiotics. As for the brine isolates, of the resistance phenotypes 6 (37.5%) included at least
10 antibiotics (Table 4).

Moreover, cheese isolate “Cheese VA-Dilution 1071 (3)” shared an identical
antibiotic resistance phenotype with brine isolate “Cheese R-Brine-Dilution 10"-1 (2)”,
which is PEN-AMP-AMC-LEX-GEN-KAN-STR-TET-SXT-CHL. But also, cheese isolate
“Cheese MA(I)-Dilution 107-1 (4)” and brine isolate “Cheese R-Brine-Dilution 10"-1 (4)
[RE]” shared an identical antibiotic resistance phenotype, which is PEN-AMP-AMC-GEN-
KAN-STR-TET-SXT-CHL (Table 4).

Furthermore, the overall multidrug resistant (MDR) E. coli isolates exhibited very
high levels of resistance to critically important antibiotics, including amoxicillin-clavulanate
(98.0%), ampicillin (81.4%), cephalexin (78.4%), streptomycin (71.6%), trimethoprim-
sulfamethoxazole (59.8%), tetracycline (53.9%), gentamicin (51.0%), and cefotaxime

(51.0%) (Table 4).
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C. Staphylococcus aureus PCR Confirmation and Methicillin-resistant Strains
Identification
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Figure 7. PCR signals for the mecA gene

Of the previously isolated S. aureus strains, 18 isolates were tested for the femB gene,
due to their exhibiting the morphological characteristics of S. aureus colonies, which are a
shiny black color and a halo around the colony. Upon testing for the femB a total of 9 isolates
(50%) were confirmed to harbor the gene and were thus confirmed as S. aureus (Figure 6).

These 9 isolates were tested for the mecA gene to detect methicillin resistant strains amongst
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them. Of the 9 isolates, 2 isolates (22.2%) harbored the mecA gene and were thus found to

be methicillin-resistant strains (Figure 7).
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CHAPTER IV

DISCUSSION

Escherichia coli and fecal coliforms are used as indicators of fecal contamination in
water and food. In fact, E. coli a bacterium that is part of the fecal coliforms is naturally
present in the intestines of vertebrates. As such, the presence of E. coli in food or water is
indicative that fecal contamination may have taken place and that other fecal
microorganisms, including pathogens, may be present (“An Evaluation of the Role of
Microbiological Criteria for Foods and Food Ingredients”). And thus, higher levels of E. coli
and fecal coliforms imply a higher probability of the presence of pathogens. Pathogenic
microorganisms that can potentially be present in white brine cheeses include bacterial
foodborne pathogens such as, Salmonella, and Listeria monocytogenes. While E. coli is
generally non-pathogenic some strains are pathogenic and can cause illness in humans.
These pathogenic strains include the enterohemorrhagic E. coli also known as E. coli
0157:H7. According to Osaili et al., E. coli O157:H7 was able to survive in cheese whether
it is stored in 10% or 15% brine, at a temperature of 10°C or 21°C and regardless of the
presence of starter culter or not (2014). The levels of E. coli and fecal coliforms in the tested
Akkawi cheese samples were found to be extremely high reaching a maximum of 20,333,334
CFU/g and 75,500,000 CFU/qg, respectively. The densities for E. coli were deemed very high
and exceeded the maximum acceptable level. In fact, 86% and 100% of the Akkawi cheese
were contaminated with levels of E. coli exceeding, respectively, the maximum acceptable
levels of 1000 CFU/g and <10 CFU/g as per the LIBNOR standards for Akkawi cheese

(2002:223) and (2003:495). As such the cheese samples were deemed microbiologically
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unacceptable as per national standards since they are likely to harbor foodborne pathogenic
bacteria.

Staphylococcus aureus is an indicator of hygiene. They are present in the nasal
passages and on the skin of 25% of humans and animals (Centers of Disease Control and
Prevention [CDC]). S. aureus in food are usually associated with extensive handling of the
food (“An Evaluation of the Role of Microbiological Criteria for Foods and Food
Ingredients™). This is the case of Akkawi cheese, since most of its production is done in
traditional creameries and handling is done by hand. But also, S. aureus contamination can
associated with environmental exposure or processing equipment (U.S. Food and Drug
Administration [FDA]). In fact, as it was stated by Kimmel et al., some S. aureus from the
farming setting are believed to be able to adapt to the dairy processing setting (2016). 87.5%
of the Akkawi cheese were contaminated with levels of S. aureus exceeding, respectively,
the maximum acceptable levels of 1000 CFU/g and 100 CFU/g as per the LIBNOR standards
for Akkawi cheese (2002:223) and (2003:495). According to the U.S. Food and Drug
Administration (FDA), staphylococcal enterotoxins (SE) have an infective dose of <1.0ug
that is produced by 100,000 CFU/g. However, highly sensitive people can get ill at an
infective dose as low 100-200ng (U.S. Food and Drug Administration [FDA]). One sample
“Cheese SA” was contaminated with 1,583,334 CFU/g of S. aureus, exceeding the infective
dose 100,000 CFU/g. As such the tested Akkawi cheese samples were deemed
microbiologically unacceptable. But also, S. aureus is tolerant to a relativey high
concentrations of salt (NaCl). And the presence and absence of starter culture as well as the
storage temperature play a major role in the growth of S. aureus and its potential to produce

enterotoxins. In a study, by Al-Nabulsi et al., it was found that a brine concentration of 15%
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NaCl, the presence of starter culture, a storage temperature of 10°C, and an acidic pH (~5.2)
were found to reduce the growth of S. aureus and salt may have disable its enterotoxigenic
potential (2020). This was in a way aligned with our results. In fact, we found a moderate
positive linear association between the count of S. aureus and the pH of the brine solution.
This shows that the decrease in pH that can be due to the production of lactic acid by lactic
acid bacteria has an inhibitory effect on the growth of S. aureus (Al-Nabulsi et al., 2020).
However, at a temperature of 25°C higher growth rate of S. aureus was observed in cheese
stored in 10% NacCl, in the absence of starter culture as well as in its presence (Al-Nabulsi et
al., 2020). This shows that inadequate brining and storage conditions during the production
of the white cheese such as Akkawi can result in an exponential growth of S. aureus and an
enhancement of its enterotoxigenic activity. Furthermore, of the confirmed S. aureus isolates,
2 strains were found to be methicillin-resistant, which are isolates 3 and 4 from “Cheese C”.
“Cheese C” was originally vacuumed-packed, however, it didn’t have a brand. This probably
indicates that it was produced in a traditional dairy facility, and thus the MRSA strains
originate from the handler’s hands. But also, cross-contamination can be an alternative
explanation since upon collecting “Cheese C” the retailer cut open the vacuum bag and cut a
piece of the cheese mold. the knife he used cut can be contaminated with MRSA from another
cheese sample or from the retailer’s hand or environment.

On the other hand, Escherichia coli is also used as an indicator of antibiotic
resistance. Our findings have shown a high prevalence of 77.1% of multidrug resistant
(MDR) E. coli amongst strains isolated from cheese samples. The resistance phenotypes were
quite diverse, accounting for 84 unique antibiotic resistance phenotypes only amongst the

MDR cheese strains. Some E. coli strains even showed a wide phenotypic resistance profile.
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In fact, 4 E. coli strains exhibited resistance to 15 different antibiotics. According to Anjum
et al., antimicrobial resistance (AMR) diversity is more common in E. coli wastewater
isolates (2021). This suggests that a high proportion of E. coli strains isolated from the cheese
samples share similar phenotypic resistance patterns with wastewater E. coli isolates. What
further suggests wastewater contamination is the relatively high prevalence of resistance
against B-lactams, including penicillins with high rates of resistance against amoxicillin-
clavulanate and ampicillin, respectively 88.1% and 67.8%, and the 3 generation
cephalosporin cefotaxime with resistance rate of 40.7%. In fact, according to Delgado-Blas
et al., high-level resistance to -lactams was common amongst wastewater isolates and is
associated with the presence of the extended B-lactamase (ESBL) genes blactx-m-s5 and
blacmy-2 genes (2021). Furthermore, resistance against aminoglycosides was also found to be
characteristic to wastewater isolates and is indicative of anthropogenic pressure and heavy
use of aminoglycosides in clinical treatments (Delgado-Blas et al., 2021). Resistance to
aminoglycosides was observed amongst the E. coli strains isolated from Akkawi cheese
samples. Resistance to aminoglycosides was relatively high with highest being against
streptomycin (57.6%), followed by gentamicin (40.7%), and lastly kanamycin (35.6%).
Furthermore, the high-level resistance against streptomycin can also be explained by the
extensive use of this antibiotic in farming practices (Kassaify et al., 2013). In addition,
according to Dandachi et al., gentamicin resistant E. coli were significantly associated with
the use of Gentamicin as food additive in poultry feed (2018). But also, relatively high
resistance to tetracycline amongst E. coli cheese isolates, with a rate of 39.8%. This can also
be due to the abuse of tetracycline in the farming sector. According to Jammoul and El Darra,

the maximum level of tetracycline residues detected in tested broiler chicken carcasses was
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63.8ug/kg with a mean level of 24.4ug/kg (2019). This can be indicative that most E. coli
isolates from Akkawi cheese originate from farm, hospital, and/or domestic effluents. But
also, in a study by Vranic and Uzunovic a resistance rate against trimethoprim-
sulfamethoxazole was found to be 40.86% and was deemed the second highest (2016). This
resistance rate was close to the resistance rate against trimethoprim-sulfamethoxazole in E.
coli strains isolated from Akkawi cheese of 46.6%. According to Vranic and Uzunovic,
trimethoprim-sulfamethoxazole is heavily used to treat urinary tract infections (2016). It was
further stated that the resistance rate against Trimethoprim-Sulfamethoxazole in developing
countries usually ranges between 30 and 40% (Vranic and Uzunovic, 2016). And it also
aligns with the status of Lebanon as a developing country. Furthermore, according to Diab et
al., in Lebanon, untreated domestic, farm, and hospital effluents are discarded into natural
water receptacles without prior treatment (2018). Indeed, wastewater contamination of the
cheese could have occurred directly through the use of contaminated water to make the brine
solution. This is evident by the sharing of an identical phenotypic resistance profile between
isolate “Cheese R-Brine-Dilution 10”-1 (2)” and isolate “Cheese VA-Dilution 10"-1 (3)” and
between isolate “Cheese R-Brine-Dilution 10”1 (4) [RE]” and isolate “Cheese MA(I)-
Dilution 107-1 (4)”. The fact different that non-complementary brine and cheese E. coli
isolates share an identical phenotypic resistance profile can suggest a common origin. But
also, indirect contamination may have occurred by washing the equipment with contaminated

water or the cheese handler washing his hand with contaminated water.
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CHAPTER V

CONCLUSION

Akkawi cheese is a white brine cheese that is popular in the Middle East and
especially in Lebanon. While it is used as an ingredient in some cooked dishes, Akkawi
cheese is consumed raw like many other white brined cheeses. And due to the predominance
of small traditional dairy facilities in Lebanon, food safety concerns arise when it comes to
the preparation and handling of Akkawi cheese. Our findings have revealed that Akkawi
cheeses, mainly those produced by hand, are contaminated with relatively high levels of
Escherichia coli and fecal coliforms, which are indicators of fecal pollution. But also, high
levels of hygiene indicator and foodborne pathogen Staphylococcus aureus were detected.
The level of contamination of both E. coli and S. aureus exceeded the maximum acceptable
level as per the national standard LIBNOR. As such, the tested cheese samples are deemed
microbiologically unacceptable. And thus, it is advisable not consume this type of cheese
raw. Thermal processing of moderately contaminated Akkawi cheese can reduce
microbiological contaminants to an acceptable level. But also, the tested Akkawi samples
revealed serious nationwide food safety-related problems including antibiotic resistance and
environmental pollution. In fact, a high proportion (77.1%) of E. coli strains isolated from
Akkawi cheese were found to be multidrug resistant (MDR). Furthermore, these MDR strains
seemed to exhibit phenotypic antibiotic resistance patterns that are characteristic to
wastewater isolates. These phenotypic patterns included relatively high resistance to p-
lactams, aminoglycosides, and trimethoprim-sulfamethoxazole, and tetracycline. These

resistance phenotypes indicated the potential direct or indirect contamination of the cheese
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production with wastewater due to heavy environmental pollution. But also, relatively high
streptomycin and gentamicin resistance amongst E. coli was indicative of poor antibiotic
stewardship and abuse in the farming sector. Whilst the detection of MRSA in the Akkawi
cheese sample is indicative of the dissemination and circulation of antibiotic resistance within
the community and the ecosystem. As such, this problem should be dealt with using a One
Health approach, in that there should be a collaboration between different ministries,
including the Lebanese Ministry of Public Health, the Lebanese Ministry of Agriculture, and
the Lebanese Ministry of Economy and Trade. But also, a collaboration of the public and
private sectors is needed to enhance the testing of different food samples and develop
strategies to limit sewage environmental pollution, such as establishing and enhancing
wastewater treatment plants. In addition, policies that regulate the use of antibiotics in
different sectors and restricts the use of critically important antibiotics to the public health

sector. Failure to do so will likely result in a major public health and economic crisis.
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