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�tness, health, and ecology of an organism are impacted by 
the vertebrate gut microbiome because these microbes 
provide a large physiological and pathophysiological 
contribution [4, 5]. Escherichia. coli is the widespread 
aerobe of the mammalian intestine that is present in soil, 
food, animal, and human manure [5, 6]. Despite being a part 
of any mammalian gastrointestinal tract's healthy 
microbiota [7] few strains develop virulence after attaining 
new genetic information. These strains are broadly 
classi�ed as extra-intestinal (ExPEC) and intestinal 
pathogenic E. coli (InPEC). InPEC is further classi�ed into 

Shiga-toxin-producing E. coli is the de�nitive strain of a 
very commensal microbe, Escherichia coli. As a resident of 
a vertebrate gut, it makes hundreds of microbial colonies 
that comprise the versatile gut microbiome. Kiyoshi Shiga 
became the name bearer of this bacterial strain in 1898 
when he described S. dysenteriae, which produced Shiga 
toxins [1]. Later, isolation from the kidney cells of African 
monkeys also designated it as Vero-toxin E. coli. Over the 
years, the impact of gut microbes on dietary digestion, 
mediation of infection, and even modifying behaviour and 
cognition has been well proven and undeniable [2-4]. The 
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Shiga toxin-producing E. coli is a de�nitive strain of the very commensal microbe Escherichia 

coli. It is a resident of the vertebrate gut with hundreds of microbial colonies that comprise the 

versatile gut microbiome. Stx is a toxin, which is a protein in nature that has evolved in such a way 

that it can speci�cally target a host cell and deliver a payload inside the target cell's cytosol. 

These pathogens can trigger complications such as thrombotic microangiopathy and acute 

kidney injury. It is transmitted by food consumed in raw form (salads, milk, and curd), �oods, 

contaminated ponds, and petting farms. Ruminants, �oods, zoo fauna, and untreated sewage 

water were found to be the primary sources of STEC reservoirs nationally. Alarmingly, there is a 

high prevalence of neonatal diarrhea in Pakistan. Antibiotics are devoured in STEC-caused 

infections, especially. Diarrhea, as they aggravate the toxin production. Plant extracts and 

chemical puri�cation methods have shown potential for shiga toxins reduction. Application of 

biosafety measurements can signi�cantly reduce the chances of infection in developing 

countries, including Pakistan.
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individual strains as adherent-invasive E. coli (AIEC), 
diffuse adherent E. coli (DAEC), enteroaggregative E. coli 
(EAEC), enteroinvasive E. coli (EIEC), enteropathogenic E. 
coli (EPEC), and Shiga toxin-producing E. coli (STEC) [7, 8]. 
The unique capacity of some strains of bacteria to release 
toxins can lead to infections and serious illnesses, 
including mortality in humans. Globally, these pathogenic 
strains are the primary culprits of infectious mortality in 
hospitalised patients. In humans, a large number of 
microbial pathogens are transmitted via food products, 
known as foodborne pathogens (FBP) [9]. Stx [10,11] toxin is 
a key virulent factor, which is a protein in nature. It has 
evolved in such a way that it can speci�cally target a host 
cell and deliver a payload inside the target cell's cytosol 
[12]. Stx family came under the medical spotlight in 1983 
because of two documented reports presented at almost 
the same time [3]. The most commonly studied STEC 
serotype is E. coli O157:H7. This predominance is partly 
related to its inability to ferment sorbitol on agar plates [3]. 
Both shiga toxin 1 and 2 consist of two subunits: the single A 
plus the disease-causing B subunit, which, after passing 
from the Golgi apparatus and endoplasmic reticulum, 
inhibits protein synthesis. The degree of expression of both 
shiga toxin 1 and 2 determines the pathogenicity [1]. 
Typically, a lambdoid bacterium possesses such genes. 
Critically listed infectious foodborne pathogens include 
STEC [2]. It can be the cause of severe human illnesses that 
include simple diarrhoea, hemorrhagic diarrhoea, bloody 
diarrhoea (BD) (5–15% of which leads to the life-threatening 
HUS), and haemolytic uremic syndrome [13].
Hosts Species
Complex pathways of transmission are built because of the 
very diverse species of reservoirs and spillover hosts. Host 
organisms can be categorized as reservoir hosts, who are 
essential for maintaining pathogens in the natural 
environment; spillover hosts, which transmit infection to 
other species of interest from reservoirs; and dead-end 
hosts. Cattle and livestock are primary reservoirs hosts. 
Birds, Swine and dogs constitute spillover host while Fish 
and shell�sh act as dead-end hosts for the shiga toxin 
producing Escherichia coli (STEC) in animals [14]. STEC has 
been characterised by wild and captive species of 
ruminants, including yaks, moose, antelope, and llamas. 
Direct transmission to humans is also reported at petting 
zoos, along with indirect transmission via faecal droplets in 
agriculture �elds, water sources, and on meat [12]. E. coli 
reservoirs in white-tailed deer have been reported using 
16S r DNA pyrosequencing [15] in the intestinal tract of 
domestic cows [6] and in apparently healthy captive Nilgiri 
Langur and colonies of laboratory Rhesus macaques [16].
Food Borne Factors
Pakistan has a voluminous consumption rate of suspected 
foods, including dairy products (curds, milk, and cheese), 
minced meat, fresh juices, vegetables, and nowadays 

The other major pathways associated with non-food 
transfer include swimming in contaminated ponds, lakes, 
or pools, municipal water supply, stools [31, 32] and petting 
farms. As of now, direct transmission via human to human 
is low [6]. Heavy �oods all over the country caused by 
seasonal rains are also major sources of contamination. In 
the 2011–2012 �oods, 200 samples were obtained to 
examine the presence of pathogenic E. coli. This research 
concluded that one-third of the total 200 samples were 
infected with Escherichia coli pathotypes. Fifty percent of 
them were enterotoxigenic strains (ETEC). There were 
seventy-two percent enteropathogenic strains (EPEC) and 
eleven percent Shiga toxin isolates carrying STX1 and STX2 
genes [33]. Summer and fall are peak times for STEC 
infection [1], and rural areas are more at risk than urban 
areas [3]. In Rawalpindi and Islamabad zoos, an 
experimental study on 110 faecal samples of 24 species to 
estimate the prevalence of STEC in zoo animals reported 
the presence of stx1, stx2, eae, and ehxA virulence genes 
(with 6 different combinations) in 15 samples (2-black buck, 
1-chinkara deer, 4-hog deer, 1-mou�on sheep, 4-spotted 
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poultry meat. Raw meat nurtures important pathogenic 
microbes [17], chicken in particular. Water contaminated 
with faeces, raw manure, or fertilizers used for washing 
vegetables and fruits has been a trigger for pandemics. 
Studies summarizing contamination methods and 
prevalence rates are presented here (Table 1).

Table 1: Prevalence Rate of STEC in Different Foods in Pakistan

* Where rate was not present, it was calculated from sample size 
by using this formula. No of infected samples/No of total samples 
*100. Where particular serotype was not found, pathotype is 
mentioned.  
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Milk

[18]

[19]

[20]

Food Source Year
Prevalence

Rate (%)
Refe-
rence

Pathotype/
Serotype

City

2009

2016

2024

8.75

01

05

0157:H7

STEC

STEC

Peshawar

Lahore

Khyber
Pakhtunkhwa (Kpk)

Meat
(Cattle & Goat)

[21]

[22]

[23]

[24]

[25]

2013

2018

2018

2021

2020

50

12

10

1.33

43.5

0157:H7

0157:H7

0157:H7

0157:H7

STEC

Lahore

Quetta

Quetta

Islamabad &
Rawalpindi

Islamabad &
Rawalpindi

Chicken Meat

Sugarcane
Plum, Peach
& Lemonade

Juice

Salads

Apple &
Tomatoes

[26]

[27]

[28]

[29]

[30]

[5]

2023

2021

2017

2014

2015

2022

18

2.7

30

13

41

53

50

05

17

26

0157:H7

STEC

0157:H7

0157:H7

STEC

STEC

Northern Punjab

Southern Punjab

Lahore

Lahore

South KPK

Lahore



deer, 1-baboon monkey, 1-ostrich, and 1-tiger). The 
techniques used in this experiment included multiplex 
PCR. It indicated the zoo animals as carriers and possible 
causes of infection for other animals as well as humans [4]. 
Sewage water was investigated in 2019 for E. coli from 
sixteen different locations in Lahore. It provided 
comprehensive results with the presence of 49 serotypes 
of E. coli, including E35, E63, and E101, through 16S rRNA 
gene sequencing. Antibiotic sensitivity, bio�lm formation, 
and shiga toxin genes (stx1, stx2, stx2c, and stx2d) were 
also evaluated. However, shiga toxin genes weren't 
detected using PCR and gel electrophoresis [34].
Clinical Infections
Multiple allelic genotype variants of stx1 and stx2 have been 
associated with different human diseases. Each variant is 
grouped on the basis of the sequence of amino acids in the 
Stx. Subtypes of Stx1 are Stx1a, Stx1d, and Stx1e, and 
subtypes of Stx2 are Stx2a to Stx21. Haemolytic uremic 
syndrome is caused by both Stx1 and Stx2. During bacterial 
lysis, Stx is released from the bacterium in the intestine [5]. 
STEC has two main characteristics: a pathogenicity locus 
with chromosomal origins that is responsible for encoding 
“attaching effect" producing proteins and Shiga toxins 
encoded by bacteriophage. These “attaching effect” 
proteins contain Intimin which adheres bacterium to 
epithelial layer of microvilli and type 3 secretion system. 
STEC passes through gastric �uid uninterrupted and 
initiate intimin & T3 System expression. Their attachment 
in intestinal tract results in diarrhea [9]. 
Haemolytic Uremic Syndrome
Symptoms of STEC-induced HUS in children include fever, 
abdominal pain, early illness, vomiting, and diarrhoea, 
followed by HUS development after a few days. Other 
symptoms involve bloody diarrhoea, CNS involvement, 
severe in�ammatory colitis, cardiac dysfunction, glucose 
intolerance, hepatomegaly, loss of the microvilli, and 
leucocytosis. These disease-causing organisms can 
trigger a thrombotic microangiopathy called TMA, non-
immune hemolytic anaemia, and azotemia. TMA is further 
classi�ed as primary and secondary TMA. Primary TMA in 
atypical HUS presents an underlying regulatory defect in 
the complement system [1]. It has a high incidence in young 
children worldwide, with an annual prevalence of about 2–3 
per 100,000 people [6]. HUS is a complex disorder that 
results in further organ damage. It has a major impact on 
renal functions. Many studies have related acute renal 
failure or acute kidney injury to hemolytic uremic syndrome 
in Pakistan. A study of 116 patients with pregnancy 
complications involving HUS in Sindh revealed 7% 
positivity. 14% developed in the �rst trimester, while 86% 
developed in the later trimester of pregnancy [35]. Children 
have also been shown to be a vulnerable group for HUS. In a 
33-patient pediatric ward study, 3% were positive for HUS. 
Further analysis of their stools revealed pathogenic E. coli 
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positivity [36]. Another study con�rmed 10.8% HUS 
positivity in 74 pediatric cases that caused acute kidney 
injury [37]. Kidney failures have been reported in pregnancy 
complications and pediatric units in Pakistan, which are 
also linked to HUS (Table 2). A strain of E. coli, O157:H7, 
exhibits three genetic lineages (I, II, and I/II), further 
separated into nine different clades. Most of the 
pathogenic strains belong to clades 2, 3, 7, and 8. These 
clades differ from each other on account of the infections 
they cause and the distribution and abundance of shiga 
toxin genes. HUS-infected patients have higher chances of 
clade 8 strains, as their frequency has increased in the last 
half decade. Young patients under 18 years old were found 
to be associated with the stx2a and c genotypes of clade 8 
strains [38].
Diarrhea
Around four decades ago, E. coli 0157 was acknowledged as 
a source of bloody diarrhea. Bloody diarrhea is caused by 
STEC in America and Europe, whereas S. dysentery type 1-
induced shiga toxins are the main pathogenic agent in 
Southern Africa and Asia [1]. All around the world, Pakistan 
is considered to be in 26th place in the under-�ve death 
chart, with a whooping rate of 86 out of 1000 child births, 
making it one of the countries with 50% of mortality caused 
by diarrhoea or pneumonia. Escherichia coli has also been 
responsible for meningitis and urinary tract infections 
(UTIs) [18]. A study in Faisalabad, Pakistan, showed how 
important STEC prevalence is. They took 200 stool 
samples from children and used them to isolate and 
characterise STEC. They focused on genes eae, hly, and 
stx1 and 2, which stand for intimin, enterohemolysin, and 
Shiga toxin 1 and 2. The PCR results revealed 11% stx, 6.5% 
hly, and 8% eae positive samples, with only three samples 
positive for the O157 serotype [25]. According to a research 
paper, the prevalence of neonatal diarrhoea in Pakistan is 
at its maximum in Gilgit Baltistan, with Punjab, AJK, Sindh, 
Baluchistan, FATA, and KP in descending order [39]. In 
experimental research on 37 E. coli isolates obtained from 
various laboratories in Karachi, 16 strains were found to be 
positive for different toxin genes. The results showed the 
maximum prevalence of the stx1 gene in 10 isolates, two of 
which were also positive for the stx2S gene [40]. In order to 
�nd the E. coli O157 serotype, the latex agglutination test 
was used on 52 strains from the IMAM Clinic in Karachi's 
culture collection. Twenty samples tested positive for the 
O157 strain of E. coli [22] (Table 2).
Table 2: Prevalence and Suspected Pathway of STEC Disease in 

Pakistan

[34]

[36]

Prevalence
(%)

Ref

STEC and
non-STEC

STEC and
non-STEC

Acute
renal failure

33

74

Stools
contamination

Isolated
Agent/Genes

Suspected
Pathway

No. of
cases

Disease

3

10.8

HUS
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[41]

[38]

Stx

O157

200

52

Stools
contamination

Stools
contamination

11

38.15

Diarrhea

Anti-Microbial Resistance
Cattle, poultry, and humans contain widespread E. coli, 
making them the best source of resistance genes. After 
isolating 121 different types of bacteria based on their 
phenotypes and genotypes, commonly used antibiotics 
like Cefotaxime, Ceftazidime, Sulphamethoxazole-
Trimethoprim combination, Nitrofurantoin, Cipro�oxacin, 
and Ampicillin were tested to see if they could kill the 
bacteria. The results indicated the resistance of E. coli 
isolates to sulphamethoxazole-trimethoprim [42]. During 
a diarrheal episode in Faisalabad, the effects of readily 
available cefotaxime, ampicillin, and gentamicin on shiga 
toxins were elucidated. STEC was con�rmed in �ve 
samples. A considerable reduction in the release of toxins 
and cytotoxicity level was reported after exposure to 
minimum inhibitor y concentrations of ampicillin, 
gentamicin, and cefotaxime, with a maximum reduction by 
sub-MIC of gentamicin [43]. A related study revealed the 
possible impact of SubMIC on 15 bacterial isolates collected 
from Railway General Hospital, Rawalpindi. The results 
showed that shiga toxin levels went up by 6.5 and 8 times 
when cipro�oxacin and tigecycline Sub MIC were used. On 
the other hand, expression levels were very low when 
Fosfomycin was used (2 times) and Meropenem was used 
(the weakest) [44].
Treatment Methods
Hydration and supportive therapy are the cornerstones of 
the currently advised STEC infection treatment plan. The 
questionable use of antibiotics has been linked to a 
worsening of symptoms and an increased risk of 
haemolytic uremic syndrome. Furthermore, by killing 
bacteria and causing an increase in the release of shiga 
toxins that may have been retained in the bacterial cell, 
antibiotics may exacerbate infections that are Shiga 
toxigenic [45]. Because there is no safe and speci�c 
therapeutic intervention, replacing intravenous �uids in 
infected patients and providing supportive care are the 
best-advised treatments. In patients with severe CNS 
involvement, eculizumab or plasma treatment is best 
recommended. When given intravenously with an isotonic 
solution and early parental volume expansion, the high risk 
of oliguria or anuria caused by renal hyper fusion is lowered 
[46].  Patients with suspected or con�rmed STEC diarrhea 
should not be given antibiotics as they increase toxin 
production. When combined with renal replacement, 
supportive therapy and intensive care improvements have 
eventually improved the prognosis of HUS. Supportive 

* Where rate was not present, it was calculated from sample size 
by using this formula. No of infected samples/No of total samples 
*100

therapy is advised to treat the following: anaemia, 
thrombocytopenia, �uid management, acute kidney injury 
and dialysis, neurological dysfunction, gastrointestinal 
complications, pancreatitis, and pulmonary complications 
[47]. Chemical additions to puri�cation methods yielded 
positive treatment results. The experiment on water 
reservoir tanks, ground water samples, and canal water 
was conducted in a laboratory setting. They pasteurized 
the samples with the addition of ferrous salt as a coagulant 
and reported the highest success rate with 99% shiga toxin 
removal [48].
Plant Extracts
Plant extracts, particularly fruits, are a bioactive 
compound source for controlling E. coli-induced 
infections. It acts as either a bactericidal or bacteriostatic 
compound, and it could also be used as an ampli�er for 
antibiotic activity (a synergic agent). It attenuates the 
pathogenic activity by acting directly on virulence 
characters. Fruits, either in the form of raw extracts or 
molecules that have been cleaned up, can help treat many 
different types of E. coli infections by stopping enzymes 
that target pathogens, preventing bio�lm formation, and 
damaging bacterial membranes [7]. Mangosteen fruit 
produces α-mangostin, which in combination with β-
lactams is proven useful [50]; quercetin and kemp ferol 
[49]; Chinese bayberry fruit; fermentation of green olives; 
cranberry extracts [25]; fresh and dried fruits of Chinese 
quince [22]; peel extract of Gabiroba; chestnut extract; 
grape extracts; seeds of Citrus mandarin; lemon and 
strawberry; cocoa beans; and grapefruit juice [12] for 
substantially increased e�cacy; synergistic activity for 
a m o x i c i l l i n ;  c u r i n g  d i a r r h e a ;  p r o d u c t i o n  o f 
exopolysaccharides (EPS); controlling neonatal and post-
weaning diarrhea; and anti-CT properties [26]. A promising 
study proved the e�cacy of medicinal plants in combating 
STEC-borne pathogens. Researchers used 5 medicinal 
plant extracts against STEC strain O157:H7, using extracts 
from Azadirachta indica, Mela azedarech, Withenia 
coagulans, Nigella satvia, and Calotropis procera. 
Calotropis procera showed the maximum inhibition zone 
and highest weight gain and survival rate. This enhances 
the potential of plant treatments without developing 
microbial resistance [19].
Biomedical Applications
The evolution of protein toxins, like Stx, aimed to deliver 
inside the cytosol of target cells while also selectively 
targeting host cells. These characteristics might be used 
to create new therapeutic proteins. The use of Stx-A and 
Stx-B has advanced quickly in recent years. It has been 
determined that Stx-A is a promising payload for creating 
immunotoxins that target and destroy cancer cells. 
Immunotoxins are fusion proteins made up of a targeting 
domain, which can be any protein binder that can precisely 
engage cell surface proteins produced in cancer cells [24, 
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C O N C L U S I O N S

This study focused on shiga toxin strains in Pakistan, 

speci�c to their transmission factors, and reported clinical 

infections. According to research, Shiga toxin O157:H7 is 

still the most common type of STEC found around the 

world.  Food-borne factors constitute the primary culprit of 

transmission especially dairy products and meat. Sewage 

water and �oods also spread this deadly pathogen. 

Pakistan has seen documented outbreaks and signi�cant 

clinical infections in the past decade. Pregnancy 

complications and neonatal vulnerability to diarrhea and 

HUS is primary concern in maternal and child care. This 

virulent pathogen is being exacerbated because of the 

development of anti-microbial resistance against 

antibiotic use. Different chemical treatments in water 

puri�cation, medicinal plants, and fruit peels including 

Chinese bay berry fruit and cranberry extracts have shown 

tremendous potential in treating this emerging disease, 

especially in developing countries.  Usage of Stx A for 

delivering targeted payload inside cancels cells has 

increased biomedical potential of protein toxins. It is 

recommended to increase awareness about reservoirs, 

transmission methods, infectious diseases, and basic 

preventive measures through the concerted efforts of 

national organizations.
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27]. Human volunteers are avoided because of the serious 
health effects associated with STEC infection, which range 
from neurological manifestations to death. So, the 
adoption of model animals, which mostly include 
mammals: monkeys, pigs, rabbits, and greyhounds, 
becomes a necessity. Some studies used chicken [20]. 
Greyhounds were used as test subjects for treatments. 
Toxin injections in these dogs caused damage to their 
kidneys and skin lesions. Calves and cattle had intestinal 
pathology. O157 infections in chickens caused intestinal 
pathology. Stx 1 or 2 infections in baboons caused intestinal 
pathology and renal damage. And streptomycin and O157 
infections in ferrets caused renal damage [44].
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