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Abstract

Aim: The extended spectrum B-lactamase (ESBL) producing Enterobacteriaceae have
attracted attention due to their ability of delaying or cancelling antimicrobial therapy. The
foods for infants and children may occasionally contain pathogens such as ESBL-
producing Enterobacteriaceae, including Cronobacter spp., because of inappropriate
production, storage and handling conditions. This situation leads to a greatest risk of
infection to infants and children through their consumption. The objective of this study
was to investigate the occurrence of ESBL-producing Enterobacteriaceae, including
Cronobacter spp., from a total of 115 samples of various foods from different brands for
infants and children sold in Istanbul, Turkey (20 locally produced infant formula, 20
imported infant formula, 20 starch, 20 rice flour, 20 semolina, and 15 milk powder).

Methods: For isolation of Enterobacteriaceae 1SO 21528-2:2004 was followed. The
isolated colonies were identified by Mass Spectrometer. The identified colonies were then
exposed to pre-enrichment at 35-37°C for 18-24 hours, the suspension was transferred to

a Chromogenic ESBL selective media, and allowed for an incubation at 35-37°C for 18-24
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hours again. The presumptive ESBL producers were subjected to ESBL screening test
using a combination of ceftazidime, cefotaxime, and cefpodoxime + clavulanic acid.
Finally, MIC values for ESBL confirmation were conducted by Merlin Micronaut-S beta-
lactamase VII kit, the readings were automatically evaluated by Sifin Software integrated
with a spectrometer. All procedures were performed according to the Guidelines of CLSI
(2013).

Results: Of 18 ESBL suspected isolates (7 P. agglomerans, 1 E. aerogenes, 3 E.
cloacae/asburiae, 2 K. oxytoca, 2 L. adecarboxylata, and 3 C. sakazakii), 5 isolates (3 P.
agglomerans, 1 E. cloacae/ asburiae, and 1 E. aerogenes) were positive for ESBL-
production, whereas none of C. sakazakii isolates was ESBL-producers.

Discussion and Conclusion: Some of the analysed infant formulas and cereal-based
foods for children (locally produced infant formulas, rice flour, and starch) were
determined to be posing a serious health risk for the infants and children due to
contamination by ESBL-producing Enterobacteriaceae, except for C. sakazakii isolates.
Keywords: Cereal-based food, children, cronobacter spp., enterobacteriaceae, esbl,

infant formula.

Bebek Mamalari ve Tahil Bazhh Cocuk Gidalarinda
Genislemis Spekitrumlu B-Laktamazlar (GSBL) Ureten

Enterobacteriaceae ve Cronobacter Spp. Arastirilmasi
Oz

Amac: Geniglemis spektrumlu (-laktamaz (GSBL) iireten Enterobacteriaceae tiirleri
antimikrobiyal tedavileri basarisiz kildiklar1 i¢in artan sekilde ilgi gormektedirler.
Yenidogan ve ¢ocuk gidalar uygunsuz iiretim, depolama ve hazirlama kosullar1 sebebiyle
GSBL-iireten Enterobacteriaceae suslari, 6zellikle Cronobacter tiirleri dahil olmak iizere,
patojen mikroorganizmalar icerebilmektedir. Bu tiir gidalarin tiiketilmesi yenidogan ve
cocuk saghg agisindan son derece tehlikeli enfeksiyonlara yol agmaktadir. Bu ¢alismada
istanbul ilinde satisa sunulan farkli markalara ait toplam 115 6rnekte (20 yerli iiretim
bebek mamasi, 20 ithal bebek mamasi, 20 nisasta, 20 piring unu, 20 irmik ve 15 siit tozu)
GSBL-iireten Enterobacteriaceae ve Cronobacter tirlerinin varliklarmin arastirilmasi
amaclanmistur.

Yontem: Orneklerde Enterobacteriaceae tiirlerinin izolasyonu ISO 21528-2:2004
talimatlar1 takip edilerek yapilmistir. izole edilen Enterobacteriaceae tiirleri Kiitle

Spektrometresi ile tiplendirilmistir. Tiplendirmesi tamamlanmis izolatlar 6n
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zenginlestirme amacl 35-37°C/18-24 saat inkiibe edildikten sonra, kromojenik GSBL
secici besiyerine transfer edilmis ve tekrar 35-37°C/18-24 saat inkiibasyona birakilmistir.
inkiibasyon sonunda gelisen GSBL siipheli koloniler seftazidim, sefotaksim ve
sefpodoksim + klavulanik asit iceren antibiyotik diskler kullanilarak incelenmistir.
Inceleme sonucu giiclii siipheli GSBL pozitif oldugu belirlenen kolonilerin MiK degeri
tespiti Merlin Micronaut-S beta-lactamase VII kiti kullanilarak yapilmis, MiK bulgular
spektrometre tarafindan Olgiilmiis ve Sifin yazilimi ile otomatik olarak
degerlendirilmistir. GSBL tarama ve MIK tespiti CLSI (2013) talimatlar takip edilerek
yapilmistir.

Bulgular: Mikrobiyolojik Inceleme sonucu elde edilen toplam 18 adet GSBL siipheli
izolat arasinda (7 adet P. agglomerans, 1 adet E. aerogenes, 3 adet E. cloacae/asburiae,
2 adet K. oxytoca, 2 adet L. adecarboxylata ve 3 adet C. sakazakii), 5 adet izolatin (3 adet
P. agglomerans, 1 adet E. cloacae/ asburiae ve 1 adet E. aerogenes) GSBL pozitif
olduklari, diger taraftan C. sakazakii izolatlarin GSBL iiretmedikleri tespit edilmistir.
Tartisma ve Sonug: Yerli iiretim bebek mamalari, pirin¢ unu ve nisasta 6rneklerinin, C.
sakazakii izolatlar1 hari¢, GSBL-iireten Enterobacteriaceae tiirleri igerdikleri, bu sebeple
bebek ve ¢ocuk sagligi acisindan ciddi saghk riski olusturduklar: goriilmiistiir.

Anahtar Sozciikler: Tahil bazli gida, ¢ocuk, cronobacter spp., enterobacteriaceae,

gsbl, bebek mamasi.

Introduction

Incidence of increasing food-borne disease over recent decades seems be related
mostly to the increase in diseases caused by microorganisms in food. Having a
less well-developed immune system and lack of competing organisms in the gut
flora, infants are more susceptible to infections by foodborne pathogens. The
foods consumed by neonates and infants represent a rich source of nutrients from
various origins. They may carry potential risk of being exposure to major food

borne pathogens.

Cronobacter spp. and other Enterobacteriaceae can cause foodborne illnesses
from a variety of foods, including infant foods24. Cronobacter spp. causes severe
illness in susceptible neonates and infants. Even though infections associated

with Cronobacter spp. have low frequencies, the infections, such as necrotizing
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enterocolitis (NEC), septicemia, and meningitis can be fatals. Cronobacter spp.
has a more than 40% mortality rate in infected infants. Survivors suffer from
severe neurological complications®. In Europe and the United States of America
(USA), outbreaks of Cronobacter spp. have been reported associated with
contaminated powdered infant formula®#8. Specific international attention by
leading organizations of the United Nations such as Food and Agriculture
Organization (FAO) and World Health Organization (WHO) has been given to the
safety of food for infants and young children. These organizations have completed
two international risk assessments on the specific topic of Cronobacter spp.
prevalence to provide risk management guidance at the international levelo-°.
Widespread using of antibiotics causes emergence of antibiotic resistant bacteria.
Antimicrobial resistance to gram-negative bacteria is increasing. The common
resistance mechanism in Gram-negative bacteria is the f-lactamase production.
Extended-spectrum [-lactamases (ESBLs) are bacterial enzymes that might have
resistance to most B-lactam antibiotics such as penicillin and cephalosporins.
Moreover, because of their plasmid-associated genes, ESBLs might confer co-
resistance to other antibiotics?2. ESBL-producing Enterobacteriaceae are a threat
to health care and increasing worldwide especially over the past decade. ESBL-

producing Enterobacteriaceae prevalence has increased's 4.

ESBL-producing Enterobacteriaceae have been isolated from different food
products and animals. This is evidence that microorganisms can be transferred
from animal to human. When compared with infection due to susceptible
strains, infections due to ESBL-producing Enterobacteriaceae are associated
with a delay in initiation of appropriate antibiotic therapy that consequently

increases patients’ mortality, morbidity and treatment costs'415.

Antibiotic resistant Cronobacter spp. have been reported in some isolates from
food samples, although most isolates are susceptible to commonly used
antimicrobial agents'¢8, With their less well-developed immune system and lack
of competing organisms in the gut flora, infants are more susceptible to infections
by foodborne pathogens. Neonatal deaths from ESBL producing Cronobacter

spp. have been reported in the previous studies’.
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Infant formulas might be a source of contamination for clinical outbreaks of
neonatal infections. A variety of powdered infant formula environmental samples
from milk powder factories presented a possible risk. Moreover, the blenders and
cleaning brushes that are used to prepare infant food in hospital kitchens have
been reported as places where Cronobacter spp. has previously been isolated.

Different possible sources of Cronobacter spp., need to be well understood.

Cereals are the common ingredients in infant and follow-up formulas. Prevalence
of ESBL-producing Enterobacteriaceae Cronobacter spp. in some cereal

commodities such as oat, barley and others was reported previously 452¢-

In this study, we aimed to investigate the occurrence of ESBL-producing
Enterobacteriaceae and Cronobacter spp., in 115 samples of various foods from

different brands for infants and children sold in Istanbul, Turkey.
Material and Methods

Material

Reference cultures

ESBL-negative strain E. coli ATCC®25922 and ESBL-positive strain K.

pneumoniae ATCC®700603 were used for testing controls.
Sampling

A total number of 115 samples from different brands of infant formulas and cereal
consumed by neonates and children were collected from different markets and
public bazaars in Istanbul, Turkey. 34.8% of the samples were infant formulas
(20 locally produced and 20 imported from abroad) and 65.2% were cereal -

based infant formulas (20 starch, 20 rice flour and 20 semolina) and 15 milk
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powders. These cereal-based formulas are used for preparation of domestic infant

formulas.

Sample preparation, isolation and identification of Enterobacteria-

ceae

For isolation of Enterobacteriaceae 1SO 21528-2:2004 was followed.2'10 grams
of each sample were added to 90 ml Maximum Recovery Diluent (MRD)
(LAB103,UK). For isolation 1 ml sample was inoculated to violet red bile glucose
agar (VRBGA)(LABS8S, UK) and incubated at 37°C for 24 hours. Oxidase testing
was done for VRBGA-positive isolates by Merck Bactident®Oxidase Kit. Oxidase
negative isolates plated on Bromcresol Purple (BCP) glucose agar for
confirmation of Enterobacteriaceae and, then streaked onto Nutrient Agar plates
for identification by Vitek® MS (bioMérieux, France). After incubation at 37 °C
for 24 hours, changes in color from purple to yellow of the BCP glucose agar
(Conda, Catno 1320, Spain) were accepted as gram negative enteric bacteria.

Oxidase negative/glucose positive colonies were accepted as Enterobacteriaceae.

Screening and Confirmation of ESBLs and Minimal Inhibitory
Concentration (MIC)

Gram negative enteric bacteria isolates inoculated to ESBL selective - agar
(Liofilchem 610629, Italy) were identified for investigation of ESBL producing
isolates. After incubation at 37°C for 24 hours, positive strains were adjusted to
McFarland 0.5 standard and used to inoculate Mueller Hinton Agar (LAB39,
England) surface with a cotton swab for antibiotic susceptibility test. The
antibiotic susceptibility test was performed using an agar disc diffusion test based
on ceftazidime (CAZ), cefotaxime (CTX), cefpodoxime (CPD) with/without

clavulanic acid (CV) according to CLSI 2013 criteria22.

Micronaut-S beta-lactamase VII Plate (MerlinDiagnostika, Germany) was used
for the confirmation of ESBL-production. A 50 uL aliquot of 0.5 McFarland-

standardized microbial suspension of the isolate was initially vortexed in 10mL of
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Mueller Hinton Broth (Merck, Germany). Subsequently, 100 uL of this
suspension was pipetted in to each well of the plate. Then, the plate was
incubated overnight at 37°C. The readings were obtained by using a Thermofisher
Multiskan FC Spectrometer, and the MIC analysis was automatically done by
MCNG6 Software (Sifin, Germany).

Results and Discussion

Bacterial growth was observed on VRBGA from 18 (16%) of the 115 infant
formulas and cereal product (starch, rice flour, semolina) samples tested.
According to results, ready to use import infant formulas and milk powders were
free of any bacteria but domestic infant formulas and cereal-based infant

formulas were contaminated with Enterobacteriaceae. The isolates were
identified by Vitek® MS.

P. agglomerans (n=3) was isolated from domestic infant formulas and P.
agglomerans (n=4), E. aerogenes (n=1), E. cloacae/asburiae (n=3), K. oxytoca
(n=2), L. adecarboxylata (n=2) were isolated from cereal-based infant formulas.
C. sakazakii were found as 5% (n=1) in starch, 5% (n=1) in rice flour, and 5%
(n=1) in semolina.Details of identified Enterobacteriaceaewere presented in
Table 1.

Table 1. Types of Enterobacteriaceae isolated from the samples

Sample No. of isolates on Type
VRBGA (n)
Domestic Infant Formulas 3 P. agglomerans
Starch 1 C. sakazakii/maloniticus
2 P. agglomerans
1 C. sakazakii
Rice Flour 1 P. agglomerans
1 E. aerogenes
3 E. cloacae/asburiae
1 C. sakazakii
Semolina 2 K. oxytoca
2 L. adecarboxylata
1 P. agglomerans
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After the isolates were identified by Vitek® MS, antibiotic susceptibility was
tested using an agar disc diffusion test based on CAZ, CTX, and CPD
with/without CV according to the CLSI (2013) criteria22. P. agglomerans (n=2)
isolated from domestic infant formulas, E. cloacae/ asburiae (n=1), E. aerogenes
(n=1) isolated from rice flour and P. agglomerans (n=1) isolated from starch were
positive for ESBL. But, no C. sakazakii contained ESBL. The ESBL positive

isolates and zone diameters were given in Table 2.

The antibiotic susceptibility results revealed that 10 % of domestic infant
formulas (n=2), 10% of rice flour (n=2), and 5% of semolina (n=1) were positive
for ESBL-producing bacteria. It showed that microbiologic quality criteria of
domestic infant formula samples were lower than the samples of imported infant

formula2s.

Similarly, our findings also revealed that the local infant formulas were
contaminated by ESBL-producing Enterobacteriaceae in consistent with

previous literature findings2s.

Cronobacter spp. have been isolated from various food product such as infant
formulas, cereal-based foods, vegetables. Cronobacter spp. have been isolated
from infant formula and semolina samples4. In another study conducted in
Ankara, Turkey, Cronobacter spp. from 4 (rye flour, rice flour, fennel and oat

flour) of 12 food ingredients were tested24.
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Table 2. Screening and confirmation results of ESBL suspected isolates

. Confirmatory Test
Antibiotic .
- Zone Diameter (mm) Type of
Samples susceptibility X
CPD CAZ CTX | Enterobacteriaceae
for ESBL CPD CAZ CTX
Ccv Ccv Ccv
Domestic
Infant positive 30 30 23 32 35 35 P. agglomerans
Formula-1
Domestic
Infant positive 22 28 27 32 22 27 P. agglomerans
formula-2
Rice Flour-1 positive 13 19 26 32 30 36 E. cloacae/ asburiae
Rice Flour-2 | positive 21 26 24 30 30 36 E. aerogenes
Starch-1 positive 22 23 30 - 28 33 P. agglomerans

Another study investigated the microbiological safety of infant formulas and
other foods for children. Cronobacter spp. from samples of infant formula and
cereal based follow-up formula was detected'. Another recent study has found
Cronobacter spp. was available in cereal-based products and this had the highest

prevalence in other samples®.

In our study, no Cronobacter contamination was detected in the infant formulas.

But, it detected in starch, rice flour and semolina samples.

Pantoea spp. are opportunistic pathogens and cause urinary infections, blood
sepsis, fatal infections and are associated with outbreaks in neonatal units25-26,
Mardaneh and Dallal (2013) investigated 125 infant formulas for P. agglomerans
and they isolated these bacteria from 8 of these samples. In this study P.
agglomerans were found in 3 of domestic infant formula samples. Its inherent
capability to remain viable and grow well at room temperature was previously
stated as a possible cause of its prevalence2s. They also assessed this
microorganism for antibiotic resistance according to the CLSI criteria. Their

results showed that 50% of isolates were resistant to antibiotics. In this present
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study, ESBL-producing P. agglomerans was also isolated from infant formula
and semolina samples, while E. cloacae/asburiae and E. aerogenes were isolated
from rice flour. Our findings showed that ESBL-producing Enterobacteriaceae
can be isolated from infant formula and cereal-based infant formula samples and
this might be a potential risk to infant health and the success of antimicrobial

therapy.

Extended spectrum beta-lactamases (ESBL) are a growing health concern
worldwide. The local, regional, national, and international epidemiological
studies for ESBL-producing Enterobacteriaceae and their encoding genes in the
foods and in various geographical locations, including Turkey remain
incompleteds. The Turkish authorities undertake that the use of antibiotics in the
food animals to make them grow faster and/or to prevent disease can not be
controlled effectively because the economic benefits of food-animals sector ignore
the human and animal health?”. On the other hand, some studies have been
performed in this field in Turkey. Ondes and Ozpinar (2016) determined the
occurrence of ESBL-producing Enterobacteriaceae in cubed beef samples, and
Tekiner and Ozpinar (2016) detected ESBL-producing Enterobacteriaceae and
the characteristics of their encoding genes from raw chicken meat, raw cow milk,

and raw cow milk cheese sold in Turkey.

ESBL-producing Enterobacteriaceae causes infections and these infections are
associated with delaying the initiation of antimicrobial therapy, increasing
morbidity and mortality of the patients when compared with susceptible bacterial
infections428, Prevalence of ESBL producing bacteria is becoming more common,

and creating a risk for the success of antimicrobial therapy.

Conclusion

The present study focused on ESBL-producing Enterobacteriaceae and
Cronobacter spp. in both samples of infant formula and cereal-based infant
formula in Turkey and reported the situation of ESBL producing Gram negative

enteric bacteria, in particular, C. sakazakii from domestically produced infant
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formulas as well as cereal-based infant formulas in Turkey. In this study, it was
observed that the ESBL-producing Enterobacteriaceae strains are resistant to
antibiotics. However, widespread usage of antibiotics might result in the
emergence of antibiotic resistant bacteria. Babies’ insensitivity to antibiotic
treatment and infant formula are among the most common sources of antibiotic
resistant bacteria for babies. In conclusion, some of the analysed infant formulas
and cereal-based foods for children (locally produced infant formulas, rice flour,
and starch) were determined to be posing a serious health risk for the infants and
children due to contamination by ESBL-producing Enterobacteriaceae, except

for C. sakazakii isolates.
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