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Abstract : 

This study investigated the microbiological quality and antimicrobial resistance profile 
of ready to eat (RTE) vegetables. Total bacterial counts varied from 8.00×105 to 9.30× 105 
cfu/ml which is over the safety criteria and 153 bacterial isolates were isolated from 100 
samples. The most prevalent isolate was Escherichia coli (49%) followed by Salmonella 
enterica (21%), Staphylococcus aureus (20%) and Klebsiella pneumoniae, Enterococcus 
faecalis and Shigella flexneri (3% each). Antibiotic susceptibility testing of Gram-nega-
tive and Gram-positive bacteria by the disc diffusion method showed worrying patterns 
of resistance. K pneumoniae bacteria resistant to Aztreonam, Ticarcillin, Tobramycin and 
Trimethoprim/Sulfamethoxazole were 80% and E coli bacteria resistant to Imipenem were 
24%. S. aureus was the most resistant to Rifampicin (39%) and Enterococcus faecalis was 
the most resistant to vancomycin (40%). The findings indicate that ready-to-eat vegetables 
are a source of multidrug-resistant bacteria, perhaps because of poor handling and indis-
criminate use of antibiotics, and hence require improved “farm-to-table” safety protocols.

تشخيص العزلات البكتيرية من سلطة الخضراوات الجاهزة للأكل 
وحساسيتها للمضادات الحيوية

ســرى قصــي علــي 1     ،         ذنــون يحيــى العــزاوي 2
الجامعــة العراقيــة/ كليــة التربيــة – قســم علوم الحياة

مستخلص:

هدفــت هــذه الدراســة إلى تقييــم الجــودة الميكروبيولوجيــة ومقاومــة المضــادات الحيويــة في الخــراوات الجاهــزة 
ــا يتجــاوز  ــو م ــن 8.00 × 10⁵ و 9.30 × 10⁵  مســتعمرة/مل، وه ــة ب ــت أعــداد البكتيريــا الكلي ــأكل. تراوح ل
معايــر الســامة، وتــم عــزل 153 عزلــة بكتيريــة مــن 100 عينــة. كانــت الإشريكيــة القولونيــة أكثــر العــزلات شــيوعًا 
)%49(، تليهــا الســالمونيلا المعويــة )%21(، والمكــورات العنقوديــة الذهبيــة )%20(، والكلبســيلة الرئويــة، والمكــورات 
المعويــة البرازيــة، والشــيغيلا الفلكســنرية )%3 لــكل منهــا(. أظهــر اختبــار حساســية المضــادات الحيويــة للبكتيريا ســالبة 
الغــرام وموجبــة الغــرام باســتخدام طريقــة انتشــار القــرص أنماطًــا مقلقــة للمقاومــة. بلغــت نســبة بكتيريــا الكلبســيلة 
الرئويــة المقاومــة للأزتريونــام، والتيكارســيلين، والتوبرايســن، والتريميثوبريم/سلفاميثوكســازول %80، بينــا بلغــت 
نســبة بكتيريــا الإشريكيــة القولونيــة المقاومــة للإيميبينيــم %24. كانــت بكتيريــا المكــورات العنقوديــة الذهبيــة الأكثــر 
مقاومــة للريفامبيســن )%39(، بينــا كانــت بكتيريــا المكــورات المعويــة البرازيــة الأكثــر مقاومــة للفانكومايســن 
)%40(. تشــر هــذه النتائــج إلى أن الخــراوات الجاهــزة لــأكل تُعــد مصــدرًا للبكتيريــا المقاومــة للأدويــة المتعــددة، 
ربــا بســبب ســوء التعامــل معهــا والاســتخدام العشــوائي للمضــادات الحيويــة، وبالتــالي فهــي تتطلــب بروتوكــولات 

ســامة مُسّــنة مــن المزرعــة إلى المائــدة.
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Introduction
The way society lives influenc-

es the eating habits of people and it 
seems that today life is getting fast-
er and faster leaving less free time; 
for this reason convenience foods are 
more and more popular. Ready-to-eat 
items are available in a wide variety of 
fresh-cut fruits, salads and vegetables, 
prepared beef and poultry, smoked or 
salted seafood, smoked or salted meat 
and dairy products and do not need 
any further processing before they are 
eaten (Gonçalves et al., 2023; Smigic, 
et al., 2023). The availability of fruits 
and vegetables in the market may pro-
mote the consumption by the general 
population, thereby helping to reach 
the World Health Organization recom-
mendation of a daily diet of 400 grams 
of fruits and vegetables for each capita 
(Raffo et al., 2021). Salad veggies are 
an important source of nutrients and 
are considered an important source of 
anti-cancer compounds for skin (Ram-
teke et al., 2016) worldwide. Recent-
ly, it has been shown that salad greens 
consumption helps prevent heart ill-
nesses and skin malignancies (Couli-

baly-Kalpy et al., 2017). Salad veg-
gies are mostly used for its nutritional 
components and its flavour when used 
along with other dishes (Choudhury et 
al., 2011; Alimi et al., 2016). Salads 
are providers of vitamins, minerals, 
proteins and other nutritional nutrients 
important for the normal functioning 
of the human body (Amoah, 2014). 
Ready-to-eat (RTE) vegetables salads 
are products that have been little pro-
cessed (Łepecka et al., 2022; (Ababio 
and Lovatt, 2014). as sorting, cutting, 
washing /disinfection, rinsing, centrif-
ugation, packaging in air or modified 
atmosphere, refrigeration and transpor-
tation. These salads are then consumed 
in a short time [Mir et al., 2018; Finger 
et al., 2023]. It was said by Ülger et al. 
[Ülger et al., 2018]. The risk of micro-
bial contamination is higher for vege-
table salads for a number of reasons. 
This includes the environmental con-
ditions (hygiene) in which vegetable 
salads are produced, washing of veg-
etables with polluted water, cultiva-
tion, processing and transportation af-
ter harvest (Taban & Halkman, 2011). 
Other ingredients used in the produc-
tion of the vegetable salad may be pos-
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sibly a source of contamination (Gan-
tois et al., 2009). So, from growth to 
harvest, preparation and consumption, 
the risk of these vegetable salads being 
exposed to dangerous microorganisms 
is much higher. As stated by Mensah et 
al. (2002), Pre-prepared foods such as 
vegetable salads have a great danger of 
food poisoning, as they contain entro-
pathogens. The health risk to the pub-
lic from pathogens in RTE vegetables 
is higher than in raw meat products 
since RTE vegetables are not subject 
to further treatment to eliminate these 
bacteria and may also contain native 
microflora including pathogenic bacte-
ria from the raw materials used in their 
preparation (Osaili et al., 2011; Francis 
and Thomas, 1999). The most common 
RTE veggies are mainly contaminated 
with the following bacteria, including 
Salmonella , Listeria monocytogenes , 
Campylobacter jejuni , S aureus , Ba-
cillus cereus , and Clostridium per-
fringens (Christison and Lindsay , 
2007; Yang et al., 2016). Salmonella 
is a gram negative bacillus of the En-
terobacteriaceae family and is a major 
food-borne illness of humans. Further-
more, it is regarded as a leading cause 

of mortality and economic loss interna-
tionally. Each year, 93.8 million cases 
of gastroenteritis and 155,000 deaths 
are caused by Salmonella strains over 
the world. Of those, 80.3 million are 
related to foodborne sources.Fourteen 
To far, more than 2,500 Salmonella se-
rotypes have been recognised, around 
fifty percent being Salmonella enteri-
ca Serovar Typhimurium. The primary 
transmission routes of Salmonella spe-
cies are chicken meat, RTE vegetables, 
dairy products, fruits and vegetables 
(Keithlin et al., Keithlin).  The World 
Health Organization estimates that 
550 million people around the world 
become sick from salmonella poison-
ing annually, and about 220 million of 
the victims are children younger than 
5 years old. Salmonella is one of the 
four major infectious pathogens that 
can cause diarrhoea worldwide (who, 
2021). Feglo and Sakyi (2012) report-
ed different levels of S aureus, Bacillus 
spp., K pneumoniae and E coli in many 
RTE veggies. Salmonella, Shigella, 
E. coli, Clostridium, Staphylococcus, 
Campylobacter and Vibrio are common 
bacteria that cause foodborne diseases 
(Amoah, 2014). According to Bruce et 
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al. (2005) the major causes of hospital 
attendance are diarrhoeal illnesses. Re-
search has shown that vegetables pro-
duced by food sellers especially street 
food vendors are highly polluted with 
faecal matter and dangerous micro-or-
ganisms (Amoah et al, 2006). Henseler 
(2005) has also highlighted numerous 
risk practices related with food han-
dling. In recent years, extensive efforts 
have been made for the detection of 
antimicrobial resistance (AMR) in 
bacteria from humans and food-pro-
ducing animals in affluent countries 
(World Health Organization and the 
European Centre for Disease Preven-
tion and Control 2022); But other One 
Health settings like environment and 
food have not been as well attended to, 
especially in low- and middle-income 
countries (Ikhimiukor et al. 2022). The 
occurrence of antibiotic resistant bac-
teria on fruits and vegetables is a major 
food safety concern as these foods are 
often consumed raw or with minimal 
processing. The presence of antimicro-
bial resistant bacteria in fruits and veg-
etables would elucidate the risk of local 
populations’ exposure to AMR through 
food and would guide the development 

of appropriate solutions to ensure food 
safety along the value chain of fresh 
produce from farm to table. 

While some studies have reported 
antimicrobial resistant pathogens in 
retail samples in different parts of the 
word (Adesetan et al. 2013, Oyedele et 
al. 2020, Ajiboye and Emmanuel 2021, 
Ugwu et al. 2022), there is limited in-
formation on antimicrobial resistant 
pathogens in fruits and vegetables. The 
present investigation seeks to discover 
the antibiotic resistance organisms in 
RTE veggies in Baghdad, Iraq.

Methodology
Sample collection and processing
Between November and January 

2026, 100 samples of packaged RTE 
vegetable salad were collected from 
15 different restaurants in Baghdad. 
These were leaves; carrots; a mixture 
of leaves and carrots; and a mixture of 
leaves, carrots and maize. All samples 
were randomly collected before their 
best before date, transported to the lab-
oratory in their original packing within 
a maximum time of 1 hour and imme-
diately analysed following their arriv-
al.
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Characterization and Identifica-
tion of bacterial isolates

The surface of each specimen was 
disinfected and epicarp and mesocarp 
of each specimen were excised in a 
sterile tray using a sterile blade. One 
gram of each sample was weighed into 
a sterile stomacher bag (Seward, UK) 
and homogenised using a stomach-
er (Stomacher 80 Biomaster, Seward, 
UK) with 9 ml of sterile water for 2 
minutes. The homogenate was serially 
diluted with sterile water and poured 
plated in triplicate onto nutrient agar 
(NA) (HiMedia, India), MacConkey 
agar (MCA) (HiMedia, India), Manni-
tol Salt Agar - MSA (HiMedia, India), 
Chromogenic Media and Salmonella–
Shigella agar (SSA) (HiMedia, India). 
All isolated bacteria were identified by 
conventional methods such as colonial 
characteristics, Gram staining and bio-
chemical reactions including carbo-
hydrate fermentation, coagulase test, 
indole test, hydrogen sulphide pro-
duction, urease production and citrate 
utilisation as described in Bergey’s 
Manual of Determinative Bacteriology 
(Bergey and Holt 1994).

Antibiotic susceptibility test 
The disc diffusion approach (CLSI, 

2014) was used to determine the best 
drugs against the different pathogen-
ic bacterial species. What we did was 
shifting the colonies of the growing 
bacterial isolates after 18 to 24 h to 
nourishing haemocyte media with a 
regular culture conveyor. This was 
done in a test tube containing 5 ml of 
physiological salt solution. The bacte-
rial suspension was standardised to the 
McFarland 0.5 tube to get a concentra-
tion of 1.5-1 x 108 cells/ml. The bac-
terial suspension was transferred to a 
cotton swab and excess inoculum was 
removed by tapping the swab against 
the side of the tube. Then, the swab 
was streaked in numerous directions 
on the center surface of Muller-Hinton 
Agar (MHA) plate to get homogenous 
growth. Then the dishes were allowed 
to air dry for around ten to fifteen min-
utes. Antibiotic tablets were carefully 
laid on top of the inoculation (MHA) 
with sterile forceps and pressed down 
such that they would attach tightly, with 
at least 25 mm of space between the 
centers of the tablets. The plates were 
incubated for 24 hours at 37 ° C in an 
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airy, inverted incubator. The diameter 
of the zone of inhibition around each 
disc was then measured in millimeters. 
Then, this measurement was compared 
with standard rates for inhibition zone 
diameter for drugs stated in (CLSI, 
2014) which determine if the bacteria 
are resistant or sensitive to these anti-
biotics.

Statistical analysis 
Statistical analysis was done by 

SPSS (Statistical Package for Social 
Sciences) version 16.0.0, SPSS Inc., 
Chicago. The Univariate technique 
combines regression analysis and 
analysis of variance for a single de-
pendent variable modified by one or 
more factors and/or variables. The fac-
tor’s variables divided the population 
into categories. The null hypothesis on 
the effect of distinct variables on the 
means of separate groupings of a sin-
gle dependent variable using General 
Linear Model technique. The Bivariate 
Correlations method was used to cal-
culate Pearson’s correlation coefficient 
and its significance levels. Correlations 
quantify the degree of relationship be-
tween variables or rank values (Re-
leased, 2007).

Results
Microbiological pattern isolated 

from ready to eat vegetables
The results showed that a total of 

153 isolates were recovered from 100 
samples during the sampling trips. The 
total bacterial count obtained in the 
present study was 8.00×105 to 9.30× 
105 cfu/ml. The identified bacterial 
isolates from the sample were: E coli 
(n=75) 49%; S enterica (n=32) 21%; 
S aureus (n=31) 20%; K pneumoniae 
(n=5) 3%; E faecalis (n=5) 3%; and S 
flexneri  (n=5) 3%. The results showed 
high levels of coliforms and enteric 
pathogens in the studied environment. 
The distribution of microorganisms 
throughout the investigation is present-
ed at Figure (1) and Table 1.￼
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Figure (1): chart of isolated bacteria from ready to eat vegetables.

Antimicrobial susceptibility test 
This is the test for antibiotic sensi-

tivity. This model is employed in the 
random use of antibiotics. This is a 
varied usage in use dependent upon 
the dependency on the sensitivity test-
ing (Rivera, 2003). Multiple antibiotic 
resistance occurs in a medical envi-
ronment and is dangerous. The model 
is used for random use of antibiotics. 

Antibiotic sensitivity was determined 
by the hard disc diffusion technique 
in MHA.  14 medicines from differ-
ent classes of antibiotics were active 
against gram negative bacteria and 17 
medications were active against gram 
positive bacteria. Bacteria were studied 
(Pollack, 2012) and the results were in-
terpreted as described in (CLSI, 2014). 
As shown in (tables 2, 3).

Table 1: Shows the isolated bacteria with their frequency and percentage  
Isolated bacteria Number of occurrences Frequency of occurrence

Escherichia coli 75 49%
Salmonella enterica 32 21%

Staphylococcus aureus 31 20%
Klebsiella pneumoniae 5 3%
Enterococcus faecalis 5 3%

Shigella flexneri 5 3%
Total number 153 100%
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Table (2) Antimicrobial susceptibility test of G-negative resistant 
bacterial isolates from ready to eat vegetables

Bacterial

isolates

Antibiotics

 Escherichia
coli

 Salmonella
enterica

 Klebsiella
pneumoniae

Shigella 
flexneri 

№ % № % № % № %

Amikacin 5 7% 4 13% 2 40% 0 0%

Aztreonam 12 16% 1 3% 4 80% 2 40%

Cefepime 3 4% 2 6% 1 20% 3 60%

Ceftazidime 1 1% 3 9% 1 20% 4 80%

Ciprofloxacine 10 13% 0 0% 2 40% 0 0%

Gentamicin 0 0% 8 25% 2 40% 1 20%

Imipenem 18 24% 1 3% 1 20% 0 0%

Meropenem 1 1% 0 0% 2 40% 1 20%

Minocycline 1 1% 9 28% 0 0% 0 0%

Piperacillin 14 19% 1 3% 2 40% 0 0%

Piperacillin/
Tazobactam 4 5% 0 0% 0 0% 1 20%

Ticarcillin 10 13% 3 9% 4 80% 3 60%

Tobramycin 0 0% 4 13% 4 80% 1 20%

Trimethoprime/
Sulfamethoxazole 17 23% 13 41% 4 80% 0 0%

Total Tested
Samples 75 32 5 5
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Discussion
The present investigation on mi-

crobiological profile analysis of RTE 
veggies revealed that there was signif-
icant contamination of enteric patho-
gens with varying antibiotic resistance 
profiles. A total of 153 isolates were 

obtained from the 100 tested samples 
which is a severe danger to food safe-
ty as such products are generally con-
sumed raw and without further heat 
treatment. The research revealed high 
bacterial load of 8.00×105 to 9.30× 105 
cfu/ml . This is above the microbio-
logical limits permissible in raw veg-

Table (3) Antimicrobial susceptibility test of G-positive resistant 
bacterial isolates from ready to eat vegetables

Antibiotics
Staphylococcus 

aureus
NO.

)%(
Enterococcus 

faecalis
NO.

)%(

Benzylpenicillin 5 16% 1 20%
Oxzacillin 5 16% 0 0
Gentamicin 2 6% 1 20%
Tobramycin 3 10% 0 0
Levofloxacin 3 10% 1 20%
Moxifloxacin 3 10% 0 0
Erythromycin 7 23% 0 0
Clindamycin 3 10% 0 0
Rifampicin 12 39% 0 0
Teicoplanin 2 6% 0 0
Fucidic Acid 5 16% 0 0
Vancomycin 1 3% 2 40%

Nitrofuranation 1 3% 0 0
Tetracycline 8 26% 0 0
Tigecycline 4 13% 1 20%

Linezole 2 6% 0 0
Trimethoprime/

Sulfamethoxazole 3 10% 0 0

Total Tested samples 31 5
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etables in majority of the regulatory 
requirements and poses possible issues 
of irrigation water quality or post -har-
vest management. E coli (49%, n=75) 
was the most dominant species and 
represents a challenge to the whole mi-
crobial community. This is comparable 
to the earlier finding from Al-Najaf, 
Iraq (Ridha, 2026) who reported that E 
coli was 53.3% in the lettuce. This in-
crease in the numbers of these bacteria 
is a good indicator of recent faecal con-
tamination. The same research in the 
European markets shows a prevalence 
of E coli under 10%, and consequently 
a considerable gap in the sanitary laws 
with respect to this. Importantly, obli-
gate pathogens were also discovered 
including S. enterica (21%, n=32) and 
Shigella flexneri (3%, n=5). The 21% 
detection of Salmonella was within the 
high-risk range as defined by studies 
from the Philippines (24.7%) (Vital et 
al., 2014) and Ethiopia (15%) (Bekele, 
2022). The international norms es-
pecially those set by WHO and FDA 
defend the “zero tolerance” in fresh 
food. The existence of the pathogens 
implies imminent danger of Salmo-
nellosis and Shigellosis epidemics. 

While Salmonella is commonly linked 
to contaminated irrigation or manure, 
the presence of Shigella in commer-
cially prepared food in developed 
places indicates either direct human-
to-food contamination or the intrusion 
of untreated sewage. Their existence 
in ready-to-eat vegetables constitutes 
a direct threat for such outbreaks as 
Salmonellosis and Shigellosis.  S au-
reus was also identified as the third 
most common isolate at 20% (n=31). 
This frequency is much higher than the 
11% reported in similar street vended 
vegetable studies (Bekele, 2022). The 
high incidence of S aureus in this study 
is not surprising as this bacterium is 
commonly found on the skin and nasal 
cavities of humans. It is therefore like-
ly that contamination occurs during 
the “market phase” through unclean 
handling by vendors or handlers. The 
findings categorise the samples under 
review as “High Risk,” similar to ear-
lier study undertaken in other growing 
urban centers. The disease is believed 
to be the result of a succession of fail-
ures in the food safety chain, from the 
use of contaminated ambient water, to 
poor hygiene practices in the final dis-
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tribution of the fruit. The susceptibil-
ity test of 14 antibiotics for gram neg-
ative bacteria revealed varied degrees 
of resistance based on the standards of 
CLSI (2014) and Pollack (2012) (Ta-
ble 2). E coli was the most prevalent 
isolate with high rates of resistance 
24% to Imipenem and 23% to Tri-
methoprim/Sulfamethoxazole. The re-
sistance to Imipenem was 24% which 
is substantially higher than 9.25% re-
sistance in previous research in urban 
gardens (Pramanik et al., 2025). On 
the other hand, the overall sensitivi-
ty (0% resistance) to Gentamicin and 
Tobramycin seen in this study corrob-
orates with the data reported by (Fato-
ba, 2022) where E coli isolated from 
agricultural soil and litter showed low 
resistance levels (3.1%) to Gentamicin 
and Imipenem (Fatoba et al., 2022). 
This suggests that while the study iso-
lates are gaining resistance to carbap-
enems, aminoglycosides are still an ef-
fective treatment for these organisms. 
The S enterica isolates shown substan-
tial resistance to Trimethoprim/Sulfa-
methoxazole (41%) and Minocycline 
(28%). This confirms the statement 
that fresh food is a major source of 

“multiple antibiotic resistance forms” 
(Rivera, 2003). The pattern of non-ty-
phoidal Salmonella has been progres-
sively described as multidrug-resistant 
(MDR) worldwide. For instance, in 
a research conducted in Morocco in 
2017, 39.6% of food isolates of Salmo-
nella were resistant to at least one an-
tibiotic with high resistance to sulfon-
amides and trimethoprim (Amajoud et 
al., 2017). The significant prevalence 
of multidrug-resistant Salmonella in 
the samples of our investigation indi-
cates the possibility for treatment fail-
ure in foodborne diseases. Salmonel-
la illnesses linked to these vegetable 
sources. K pneumoniae Low incidence 
(3%) but very significant resistance 
profile. The isolate was resistant to Az-
treonam, Ticarcillin, Tobramycin and 
Trimethoprim/Sulfamethoxazole by 
80% . This high level of resistance is 
consistent with earlier studies in Saudi 
Arabia, showing significant presence 
of resistance genes in Klebsiella spp. 
isolated from leafy vegetables, where 
over 20% of the isolates were carbap-
enemase producers (Elsafi et al., 2024). 
The high levels of Tobramycin and Az-
treonam resistance shown in this study 



322
Identification and Antibiotic Susceptibility of Bacterial Isolates from Ready 
to Eat Vegetables Salad  .............................................  Sura Qusay Ali  ,  Thanoon Yahya AL-Azzawi

are disturbing as they mirror the re-
sistance patterns observed in clinical 
grade organisms generally linked with 
hospital acquired infections rather than 
ambient strains. Major limitations of 
current therapeutic regimens are ex-
plored. These data highlight the role of 
RTE vegetables as a significant cause 
of opportunistic infection and clinical-
ly relevant antibiotic resistance. In this 
study greatest resistance of gram pos-
itive was shown as in S aureus to Ri-
fampicin (39%) followed by Tetracy-
cline (26%) and Erythromycin (23%). 
The high resistance rates are consis-
tent with findings of (Rahimi et al., 
2024) where S aureus strains isolated 
from fresh vegetables exhibited high 
resistance to Erythromycin (>30%) 
and Tetracycline (>25%). However, 
this study includes an interesting find-
ing that the resistance to Vancomycin 
(considered as a “last resort drug”) 
was low (3%). This is consistent with 
the global trend Vancomycin-resistant 
S aureus (VRSA) is less common in 
environmental samples than in clini-
cal samples. The occurrence of VRSA 
in RTE vegetables is a serious pub-
lic health problem. The present study 

highlights the problem of resistance to 
Vancomycin in E faecalis which was 
shown to be 40% a serious difficul-
ty in therapy. The occurrence of van-
comycin-resistant enterococci (VRE) 
in food products is quite widespread 
. VRE were detected in about 12% of 
the vegetable samples ( Santana et al., 
2023). The study result 40% vancomy-
cin resistance of  E faecalis suggests a 
substantial environmental contamina-
tion cycle possibly linked to the use of 
avoparcin related growth boosters in 
animals, or addition of hospital effluent 
in irrigation water. A recognised “su-
perbug,” VRE, if present on commonly 
eaten vegetables, represents a serious 
threat for horizontal gene transfer to 
other gut pathogens. The data in Ta-
bles 2 and 3 indicate that RTE veggies 
are not just passive carriers of germs 
but active reservoirs of multidrug-re-
sistant (MDR) strains. The detection 
of resistance to potent antibiotics such 
as Imipenem (Gram-negative bacteria) 
and Vancomycin (Gram-positive bac-
teria) supports the statement of Rivera 
(2003) that indiscriminate use of anti-
biotics in agriculture and human med-
icine is one of the major determinants 
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of resistance. These findings call for 
improved sanitation methods and bet-
ter regulation of irrigation water and 
soil quality to limit the risk of multi-
drug-resistant foodborne illness out-
breaks.
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