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ABSTRACT

Background. Infectionsinduced by Shiga toxin-producing Escherichia coli (STEC), especially non-O157 serogroups
like 0145, pose considerable public health risks. Household transmission is crucial in the dissemination of
STEC, particularly in settings characterized by close interaction, such as extended families. This study examines
a case of a 5-month-old infant with hemolytic uremic syndrome (HUS) attributed to stxIc-positive STEC and
analyzes transmission patterns within the household.

Methods. Perianal swab samples were obtained from a 5-month-old infant diagnosed with STEC-associated
HUS and six additional household members. Samples of breast milk were examined as well. Samples were
inoculated into sorbitol MacConkey agar (SMAC) and cefixime tellurite sorbitol MacConkey agar (CT-SMAC).
Polymerase chain reaction (PCR) was utilized to identify stx1, stx2, and O serogroups. Fecal shedding was
investigated over a four-month period with repeated sampling.

Results. Six household members, including the infant, tested positive for stx1, although the mother and breast
milk samples were negative. The detected strains were classified within the O145 serogroup and exhibited
the stx1c variation. Fecal shedding continued for up to four months in the majority of family members, with
the infant exhibiting the briefest length of shedding. The family indicated regular intake of raw meatballs
(“cigkofte”), a traditional Turkish food, made with raw meat, identified as a possible source of illness. None of
the family members displayed any symptoms except for the infant, who had severe HUS.

Conclusion. This study underscores the critical impact of household transmission on the dissemination of
STEC and the hazards associated with traditional raw meat meals such as ¢igkdfte. Non-O157 STEC serogroups,
including O145, are increasingly recognized as significant agents of human infections. The results underscore
the significance of monitoring, hygiene education, and preventive strategies to mitigate the dissemination
of STEC in families and the wider community. Mitigating extended fecal shedding and detecting foodborne
transmission sources are essential for effective public health intervention.
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The dissemination of Shiga toxin-producing
Escherichia  coli (STEC) within households
presents a considerable public health threat
owing to its potential to cause severe illness
and its ability for fast transmission in enclosed
environments. Studies indicate that home

transmission rates may differ, with some
showing rates ranging from 4% to 15%
after isolated infections.! Young children
are especially susceptible, serving both as
carriers and as potential sources for increased
community transmission.'?
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Dynamics of transmission for STEC are
influenced by the particular strain in question.
For example, in the 2011 outbreak in Germany,
the STEC 0O104:H4
prolonged shedding in specific carriers, despite
the rarity of secondary transmission within
households.® This underscores the necessity of
understanding the unique characteristics of the
STEC strain involved in an outbreak to develop
appropriate public health policies.

strain demonstrated

STEC can spread through various routes,
with  foodborne recognized
as the primary route. The consumption of
undercooked or raw meat, especially beef,
significantly contributes to the occurrence
of STEC infections. Engaging directly with
animals, especially
which act as key reservoirs, represents a
significant route of transmission.* Transmission
from one individual to another takes place
within homes or communities, especially
impacting children younger than five years,
who are more susceptible to disseminating

transmission

ruminants like cattle,

the infection."* Furthermore, STEC can endure
in various environments such as soil, water,
and agricultural runoff, resulting in indirect
transmission by contact with contaminated
surfaces or water sources.’

The transmission of STEC within households
poses a complex challenge necessitating a
comprehensive approach, which
timely detection, case isolation, and focused
hygiene education, especially
with young children.®” Family clusters of
STEC infections underscore the necessity of
broadening epidemiological investigations to
include all household members, given that the
initial case may not consistently be the primary
source of infection.® Comprehending these
dynamics is essential for developing effective
public health strategies to control and prevent
STEC outbreaks, both within households as
well as the wider community.

includes

in homes
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This study examines the significance of
household transmission of STEC through
the case of a 5-month-old infant, who was
exclusively breastfed and diagnosed with STEC-
related hemolytic uremic syndrome (HUS).
Additionally, we investigated the extended
family living with the infant for STEC carriage.

Materials and Methods

Case description

A previously healthy 5-month-old infant,
was brought to the hospital by the family
due to vomiting and diarrhea persisting for
4 days. The physical examination showed
signs of dehydration. The peripheral blood
smear revealed fragmented red blood cells
(helmet cells). The patient, who presented
with diarrhea, thrombocytopenia, anemia, and
impaired kidney function tests, was admitted
to the pediatric department with a diagnosis
of HUS. The diagnostic criteria for HUS
included hemolytic anemia with a hemoglobin
(Hb) level of <10 g/dL, thrombocytopenia
(platelets <150,000/uL) and acute renal injury
(serum creatinine >1.5 times the upper limit of
normal).” A Doppler ultrasound of the urinary
system showed mild increased echogenicity in
the renal parenchyme. A perianal swab sample
was cultured, and polymerase chain reaction
(PCR) testing for STEC was performed on the
bacteria that grew in the culture. The patient
tested positive for stxI and was followed up
in the department. During the 10-day hospital
stay, the patient experienced vomiting attacks
4-5 times a day, watery diarrhea 7-8 times,
anemia, leukocytosis,  thrombocytopenia,
oliguria, macroalbuminuria, and signs of acute
renal failure. During hospitalization, the patient
did not require dialysis but needed erythrocyte
suspensions. No antibiotics were administered
to the patient, who had no history of antibiotic
use before hospitalization. The family lives in
Kocaeli city center, Tiirkiye, and has no history
of animal husbandry. Since the infant was
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exclusively breastfed and there was no food
source that could transmit STEC, household
transmission was suspected. Upon the family’s
approval to investigate STEC carriage, perianal
swab samples were collected from individuals
living in the same household.

Study plan

This study was conducted by the Department
of Medical Microbiology, Faculty of Medicine,
Kocaeli University. The study was conducted
with the approval of the Clinical Research
Ethics Committee and informed consent forms
were obtained from each participant prior to
enrollment. All procedures were conducted in
accordance with the ethical standards of the
Declaration of Helsinki.

Sample collection, culture and DNA isolation

Perianal swab samples were taken from the
5-month-old infant diagnosed with HUS
and from six individuals living in the same
household. The family was an extended family
consisting of the index case (5m), mother (21y),
father (25y), grandmother (47y), grandfather
(45y), uncle (21y), and aunt (13y), living in the
same house. Additionally, a sample of breast
milk was collected. The perianal swab samples
were transported in a Stuart transport medium,
while the breast milk sample was delivered
to the laboratory in a dry tube. Samples were
taken from individuals one week after the initial
detection and once a month for four months.
Sorbitol MacConkey (SMAC) agar and cefixime
sellurite sorbitol MacConkey (CT-SMAC)
agar were used for inoculating samples. The
plates were incubated at 37 °C in the incubator
for 24 hours. If no growth was observed, the
incubation time was extended to 48 hours.
STEC suspicious colonies were selected and
transferred on SMAC agar and incubated at
37°C in the incubator for 24 hours. The boiling
extraction method was used for DNA isolation.
The NanoDrop spectrophotometer was used
for DNA quantification. After DNA isolation,
stx positive isolates were identified by PCR
method.
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Determination of stx genes, stx variants and O
serogroups

stx] and stx2 genes were investigated by the
conventional PCR method.’? 026, 045, 0103,
0104, 0111, 0121, O145 and O157 gene regions
were investigated by the conventional PCR
method according to the study by Paddock
et al.! Stx1 variants (Stxla, Stxlc and Stx1d)
were investigated by conventional PCR. The
primers of the Stx1 variants, the mixture
prepared for the reaction, and the temperature
cycles were referenced according to the study
by Scheutz et al.'?

Results

Perianal swab samples taken from the infant
and six individuals living in the same household
were screened for stx1 and stx2 using PCR. All
family members excluding the mother tested
positive for stx1. The breast milk sample taken at
the time of admission was found to be negative
for stx-PCR. Perianal swab samples were taken
from the individuals on the 7th day, 1st month,
2nd month, 3rd month, and 4th month after
hospital admission for carrier surveillance.
The stx PCR results of family members over
time are summarized in Table I. The strains
were investigated for the O serogroup and
toxin variants, and all strains were found to be
positive for the 0145 serogroup and the stx1c
variant.

Multiple interviews were conducted with the
family to investigate the source of the STEC
infection. The 5-month-old patient had been
exclusively breastfed and had not received any
complementary foods. The mother reported not
consuming meat, as she follows a vegetarian
diet. Other family members, however, regularly
consumed meat products. None of the family
members had experienced any clinical
symptoms suggestive of STEC infection in the
two weeks prior to presentation. The family
reported consuming a traditional Turkish
dish made with raw meat (“¢cigkdfte”) eight
days before presentation and noted that they
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Table I. The stx PCR results of family members over time.

Household Transmission and Carriage of STEC O145

Stx1 / Stx2
Date 1st day 7th day 1st month 2nd month  3rd month 4th month
Index case +/- +/- +/- -/ - -/- -/-
Mother -/- -/- -/- -/- -/- /-
Breastmilk -/- -/- -/- -/- -/- -/-
Father +/- +/- +/- +/- +/- -/-
Grandmother +/- +/- +/- +/- +/- -/-
Grandfather +/- +/- +/- +/- +/- -/-
Uncle +/- +/- +/- +/- +/- -/-
Aunt +/- +/- +/- +/- +/- -/-

Except for the mother’s breastmilk, all of the other samples were collected by perianal swabs.

frequently consume c¢igkdfte. They suggested
that this food might have been the source of the
STEC infection.

Discussion

Household transmission of STEC is a major
concern because of its rapid spread between
individuals and the potential severity of
the infection. In households, children are
particularly vulnerable, both to acquiring
and transmitting the infection.” Studies have
indicated that siblings and mothers are at a
higher risk of contracting the infection from
an infected child, with transmission rates in
households varying between 0% and 34.4%."°
In this study, the infant diagnosed with
HUS had an extended family and the family
members were very young. The detection of
STEC in all household members except the
mother suggests that this case was a result of
household transmission. Although the infant
had no siblings, the aunt, who was living in the
same house, was a 13-year-old child. The infant
was exclusively breastfed. Although there is
no data in the literature on STEC transmission
through breast milk, samples were also taken
from breast milk because breastmilk was the
infant’s only source of nutrition. The infant’s
close contacts were the mother and the child’s
aunt. Since the mother was negative for stx and
transmission among children is more common,
we suspected that the transmission occurred
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from the aunt. Although adults can acquire the
infection, transmission rate is generally lower
than that observed in children.® Transmission
of STEC within families is significantly
influenced by closeness and hygiene practices,
with children playing an important part
in disseminating the illness. Preventive
measures, such as isolating sick individuals and
promoting hygiene education, are essential for
reducing transmission rates, especially among
young children.®”® For example, promptly
separating siblings after a diagnosis has been
recommended as an effective approach to limit
further transmission.”

In the study on the outbreak of O26:H11 STEC
by Brown et al., the risk of infection in children
<36 months was twice the risk among children
of 36 to 47 months." Although STEC was
detected in all family members in the study,
only the infant developed HUS. We suggest
the reason for that is that younger children
have a less developed immune response,
making them more susceptible to infections
and potential complications like HUS."*' In a
study by Alconcher et al.’” including 82 HUS
patients, 36.6% of HUS patients had 36 STEC-
positive household contacts and nearly one
third of them were children. There was a high
concordance (83%) between the serotype and/
or stx-genotype of HUS patients and their
household contacts.” Similarly, sxt1c and 0145
serogroups were detected in all family members
included in this study.
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The family stated that c¢igkifte could be
the source of STEC infection. Cigkifte is a
traditional Turkish street food often made with
raw meat, posing potential health risks due to
contamination with STEC. Research has shown
that STEC, particularly E. coli O157, might
be present in ¢igkdfte. The research in Tiirkiye
found that E. coli O157 was detected in 20.8%
of meat-based and 14.6% of vegetarian ¢igkdfte
samples.”” This highlights the possible risk of
STEC infection in both meat and vegetarian
versions of the food.

While STEC O157:H7 was previously
considered the most common serotype in HUS
patients, the recognition of non-O157 STEC
isolates has been increasing in recent years. The
STEC serogroups 026, 045, 0103, O111, O121,
0145 and 0157 represent the “top seven” STEC
serogroups that are common in humans.'®"
For this reason, this study conducted a PCR
analysis encompassing the seven predominant
serogroups for O serogroup detection. In the
study by Carbonari et al.*’, STEC O145 was the
second most common serogroup associated
with HUS, following O157 and it accounted
for 20.3% of HUS cases in Argentina. STEC
has several variants and epidemiologic studies
suggest that Stx2 variants differ in potency
and cause different clinical conditions.” Stx1c-
producing STEC strains are often eae-negative
and belong to various serotypes not typically
associated with severe human disease, such as
0157, O26, 0103, O111, or O145.2% Stx1c and
0145 serogroups were detected in the family
members included in the study. Stxlc and
0145 STEC strains are important contributors
to human infections, with distinct genetic
and virulence profiles. While stxIc is often
associated with milder symptoms, 0145
can cause severe disease and is a concern in
outbreak scenarios.®* Understanding their
prevalence, identification, and transmission
patterns is essential for reducing public health
risks associated with these diseases.
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Studies have shown that fecal shedding can be
both extended and sporadic. A study conducted
among children in Argentina revealed that
distinct STEC strains were shed for durations
ranging from 19 to 37 days, highlighting
the variability in shedding duration among
different serotypes.” In the 2011 outbreak
in Germany, the median period of pathogen
shedding was seen to be 17-18 days, with certain
patients shedding the virus for as long as 157
days.” Prolonged fecal shedding of STEC was
noted in the family members participating in
the study. The minimal shedding duration was
noted in the infant with HUS. Fecal shedding
of STEC may be reduced in patients with HUS
relative to those without HUS, and therapy
can affect the duration of shedding.*” The
extended shedding of STEC has considerable
consequences for managing the dissemination
of infection. Infected persons, particularly in
high-risk settings such as childcare facilities,
may require exclusion until they test negative
for STEC to prevent further cases.”*

The limitation of the study is that clonal
relationships between isolates could not be
examined. Investigating clonal relationships
and increasing the study populations are among
the future goals of the researchers.

Conclusion

STEC poses a significant public health
challenge, particularly in environments where
close contact among family members facilitates
pathogen spread. This study highlights the
transmission dynamics of STEC within a
household, emphasizing the role of young
children in the dissemination of the infection.
The detection of the same STEC strain in
multiple family members, except for the mother,
strongly suggests intra-household transmission
as the primary route of infection. The prolonged
fecal shedding observed in family members
further illustrates the potential for extended
transmission within households, reinforcing
the need for strict hygiene measures and early
detection strategies.
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