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KEYWORDS  ABSTRACT

Cronobacter spp, Cronobacter spp. are facultative-anaerobic non-spore forming Gram-negative bacteria, that are part of the
virulence genes, Enterobacteriaceae family. They are opportunistic organisms that occasionally cause severe infections such as
meningitis, PCR meningitis, necrotizing enterocolitis, and bloodstream infections in newborns and young children. There is a

limited amount of information available about the diversity, pathogenicity, and virulence of Cronobacter
species isolated from different sources. This study was conducted to isolate and identify Cronobacter spp from
different clinical cases in children under two years in Mosul city and determine some virulence genes which
are indicators for their pathogenicity. One hundred and fifty clinical specimens (diarrhea, blood and
cerebrospinal fluid) were collected and cultured on Enterobacter sakazakii agar (HiCrome) and trypton soy
agar. Eight Cronobacter spp were isolated and presumptively identified according to their morphological
characteristics on selective media and confirmed by 16S rRNA gene sequencing and direct sequencing of ropB
gene. PCR was used to amplify five potential virulence genes (cpa, hly, sip, zpx, and ompA) in order to
determine their presence in our strains. The results revealed that all strains exhibited ompA and zpx, however,
only four C. sakazakii strains contained cpa and hly genes. The sip gene was found in only two C. malonaticus
strains. Lastly, ropB gene were detected in all Cronobacter spp isolated. Identification of Cronobacter from
clinical specimens helps in understanding the sources and risks associated with these pathogens. By determining
virulence genes, the study provides insights into how these bacteria cause disease which is crucial for
developing targeted interventions and treatments. understanding the presence and characteristics of Cronobacter
spp. in clinical cases informs diagnostic and treatment strategies, potentially leading to better patient outcomes.

1. Introduction

Cronobacter spp., previously identified as Enterobacter sakazakii (Farmer et al., 1980), are a type of
non-spore froming facultative anaerobic Gram-negative bacteria. They are part of the
Enterobacteriaceae family and are commonly found in the intestines. Currently, there are seven known
species: C. sakazakii, C. malonaticus, C. dublinensis, C. muytjensii, C. turicensis, C. universalis, and
C. condimenti (Stephan et al., 2014; Joseph and Forsythe, 2011). Cronobacter spp. are opportunistic
organisms that occasionally cause severe infections, including meningitis, necrotizing enterocolitis,
and bloodstream infections, in newborns and young children. The infections caused by these bacteria
are few, although they are severe and can sometimes lead to deadly health outcomes. Meningitis,
necrotizing enterocolitis, and bacteraemia are common diseases in infants and children under the age
of two, but bacteremia and urosepsis are more frequently observed in adults (Holy and Forsythe, 2014;
Jaradat et al., 2014). The mortality rate of neonatal meningitis was reported to be 41.9% (Friedemann,
2009), with death happening shortly after the onset of symptoms (Holy and Forsythe, 2014; Willis and
Robinson, 1988). Typically, the individuals who survive often experience permanent consequences,
such as severe neurological issues such quadriplegia and delayed cognitive development (Bowen and
Braden, 2006). Infants who are less than two months old, born prematurely with low birth weight, or
have a weakened immune system are at the greatest risk for infection. The clinically significant bacteria
can be categorized into two groups: the first group includes C. sakazakii and C. malonaticus, while the
second group consists of C. turicensis and C. universalis, which are less commonly reported. The other
members of the genus are mainly environmental commensals and have less therapeutic significance.
All Cronobacter species, with the exception of C. condimenti, have been found in clinical samples
(Alsonosi et al., 2015; Holy and Forsythe, 2014; Orieskova et al., 2016).

Multiple PCR primers have been suggested for the identification of Cronobacter members by
amplifying distinct sequences in both variable and conserved sections of the bacterial 16S rRNA. These
primers were proposed by Lehner et al. (2004) and Hassan et al. (2007). Researchers have suggested
using specific primers for the rpoB gene, which encodes the B region of the polymerase enzyme, to
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identify Cronobacter species. However, these primers have not considered changes in the taxonomy
of the species, leading to inaccurate positive results when used with certain Enterobacter species
(Jackson et al., 2015; Jackson and Forsythe, 2016).

Virulence-related characteristics of Cronobacter spp. have been identified using both draft and whole
genome sequencing (Grim et al., 2013; Kucerova et al., 2010). The study conducted by Cruz et al.
(2011) found three potential virulence genes, namely siderophore interacting protein (sip), hemolysin
(hly), and Cronobacter plasminogen activator (cpa), in isolates of Cronobacter spp. The strains that
expressed OmpA were able to withstand destruction and proliferated within dendritic cells (Quintero-
villegas et al., 2014).

Nevertheless, our understanding of the pathogenicity mechanisms in Cronobacter spp. remains limited.
Several investigations have shown that these bacteria have the capability to generate enterotoxins,
attach to, and infiltrate several types of epithelial cells (Pagotto et al., 2003; Mange et al., 2006). In
addition, Cronobacter spp. demonstrate the expression of a crucial outer membrane protein known as
OmpA, which plays a vital role in the invasion process (Townsend et al., 2007; Singamsetty et al.,
2008; Muittal et al., 2009). Furthermore, Cronobacter spp. participate in the process of creating a
biofilm on the plastic surfaces of enteral feeding tubes, which could potentially serve as a means of
infection transmission for these bacteria (Hurrell et al., 2009a; Hurrell et al., 2009b). Cronobacter spp.
is considered a newly recognized pathogen, making it important to regularly monitor its occurrence in
both dietary and environmental sources (lversen et al., 2006). Hence, it is crucial to ascertain the
potential sources of contamination, as well as to investigate the genes implicated in the pathogenesis
of these bacteria.

It is important to note that the health services of the most advanced countries, including Irag, have not
yet conducted systematic monitoring of these species. Therefore, to have a better understanding of the
distribution and pathogenic mechanisms of Cronobacter spp., we determined the presence of several
virulence genes among Cronobacter spp. isolated from different clinical sources in infants under
two years old from Irag/ Mosul.

2. Materials And Methods
Sample collection and sampling

A total of 150 specimens, consisting of 60 blood specimens from patients with bacteremia, 60 stool
specimens from patients with diarrhea, and 30 CSF specimens from patients with meningitis, were
collected from Ibn Al-Atheer and Al Khansa Hospitals in Mosul. The collection period was from
September, 2023 to December, 2023. The specimens were collected prior to the initiation of antibiotic
treatment and promptly sent to the microbiology laboratory at the College of Science, University of
Mosul, in a refrigerated container within a time frame of 1-2 hours.

Both blood samples and CSF samples were inoculated into Brain Heart Infusion broth and placed in
an incubator at a temperature of 37°C for a duration of 24 hours. Subsequently, they were transferred
onto the MacConkey agar medium. The feces samples were directly placed on MacConkey agar and
incubated at 37 °C for 24 hours. Afterward, all colonies were transferred to the Trypton soy agar
medium and incubated at 25 °C for 72 hours. Ultimately, the samples were placed on the HiCrome
Enterobacter sakazakii agar and kept in an incubator at a temperature of 37 °C for a duration of 24
hours, as described by Kim et al. (2008).

Molecular identification
DNA Extraction

Genomic DNA was extracted from Cronobacter spp. using a Genomic DNA isolation kit (Geneaid,
Taiwan) according to the manufacturer’s instructions. Concentration and purity of DNA samples were
estimated by Nanodrop 2000 (Thermo Scientific, USA). Then DNA was visualized on 0.8% agarose
gel after electrophoresis at 70 V. for 45 min (Younis and Faisal, 2024).
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RopB gene amplification and direct sequencing

The amplification of the ropB gene was performed by preparing reaction mixtures with a total volume
of 20ul. These mixes contained the primers RopB-F: 5-AACCAGTTCCGCGTTCCTGG-3 and RopB-
R 5-CCTGAACAACACGCTCGGA-3 at a concentration of 10uM each. The GoTaq Green Master
Mix from Promega was used for this purpose and PCR conditions were mentioned elsewhere (Mollet
et al., 1997). Following the Polymerase Chain Reaction (PCR), the resulting products were isolated
using a 1% agarose gel containg the safe dye, RedSafe and visualized under UV light. The appropriate-
sized products were excised from gel and purified using the PCR clean-up kit supplied by Promega
(Ibrahim and Faisal, 2024). Subsequently, the products were sequenced at Psomagene sequencing
company (Maryland/USA).

Amplification of 16S rRNA specific for Cronobacter spp.

The 1495bp fragment from 16S rRNA gene was amplified using traditional polymerase chain reaction
(PCR) according to the method described by Khaleel et al. (2023) by using the universal primers 27F
and 1522R. The amplified products were sequenced and the identity of the isolates was determined by
comparing them with other Cronobacter spp. isolates on the GeneBank (Abdulrazzaq and Faisal,
2022).

Amplification of putative virulence genes by PCR

Five genes known to be involved in the virulence of Cronobacter spp. were identified in the isolates
understudy. OmpA, Cpa, zpx, hly, and sip are virulence factors demonstrated by different authors. The
genes were amplified by PCR using primers shown in Table 1 and the conditions used by each author.

Table 1: Primer sequence, amplification conditions and product size for putative virulence genes.

E:r:]eer Primer sequence 5'-3' Product size (bp) Reference

hly:F  CTAGGGTAACGGACTGTCACAGAT

hly:R  CTAGGAAGAAGCGTAAGCGTCTGA el Gl Esel, AN
sip:F CTAGGCAAAAGAATCGACAAAGGG

sip:R CTAGGTTGTTGTCTTTATCCGTTC 953 LG AU
cpa:F  CTAGGGCGATGATAGCTGCCTCCG

cpa:;R  CTAGGGGGAACAGCCACGAGGAAA i Gl Eiel, 2%
ompA:F  GGATTTAACCGTGAACTTTTCC 469 Mohan Nair and
ompA:R CGCCAGCGATGTTAGAAGA Venkitanarayanan.,2006
Zpx:F  GAAAGCGTATAAGCGCGATTC o iy el S
Zpx:R  GTTCCAGAAGGCGTTCTGGT

3. Result and Discussion

After culturing the clinical samples on selective culture media, colonies were examined for their
morphological appearance and color, the results showed that eight samples gave colonies that exhibited
a blue-greenish color on Enterobater sakazaki agar, at the same time these colonies appeared yellow
on tryptone soy agar. Initial identification of these colonies indicate that the isolated bacteria belonged
to Cronobacter spp. The identification of all isolated Cronobacter species was confirmed using the
ropB gene and 16S rRNA sequencing and the results showed that the isolates belonged to Cronobacter
spp. The DNA from the eight Cronobacter isolates under study were submitted to NCBI under the
accession numbers OR825874- OR825875-PP126443- PP126444 and PP126445.
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Figure (1): Ampilification of the 1495bp fragment of the 16S rRNA gene from a selection of
Cronobacter isolates. Ladder used is 100bp DNA ladder.

Figure (2): Agarose gel electrophoresis of ropB gene from different Cronobacter spp for genus
specific gene identification. L:100 bp DNA ladder, M3, M4, M8 and M7: C. sakazakii, M5: C.
muytjensii, M14 and M15: C .malonaticus, and M6: C. pulveris.

The virulence genes were analyzed in our eight local isolates by PCR technique and the results showed
the presence of variability between strains in containing the studied genes (Table 2). The ompA and
zpx genes were found in all eight strains that belonged to three species, while the sip gene was exhibited
in only two strains of C. malonaticus, the cpa and hly genes was found only in four strains belonging
to C. sakazakii figures (3, 4, 5, 6, 7)

Table (2): Distribution of five virulence genes in different species of Cronobacter isolated from

clinical cases.
) Source of  Virulence gene
Species type - -
strain sip ompA ZPX hly Cpa

Cronabacter sakazakii stool _ + + + +
Cronobacter sakazakii stool . + + + +
Cronobacter sakazakii blood B + + + +
Cronobacter sakazakii blood . + + + +
Cronobacter malonticus stool + + +
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Cronobacter malonticus stool + + + _ _
Cronobacter muytjensii stool _ + + _ _
Cronobacter pulveris stool _ + + _ _

Figure(3): Agarose gel electrophoresis of ompA virulence associated gene amplification in different
Cronobacter spp with amplicon 469 size ( L:100 bp ladder ,(M3, M4, M8 and M7: C. sakazakii,
(M5: C. muytjensii), (M14 and M15: C. malonaticus), (M6: C. pulveris)

469bp

Figure(4): Agarose gel electrophoresis of hly virulence associated gene amplification in different
Cronobacter spp with amplicon 880 size ( L:100 bp ladder ,(M3, M4, M8 and M7: C. sakazakii,
(M5:C. muytjensii), (M14&M15: C. malonaticus), (M6: C. pulveris)

Figure (5): Agarose gel electrophoresis of cpa virulence associated gene amplification in different
Cronobacter spp with amplicon 1015 size ( L:100 bp ladder, M3, M4, M5 ( L:100 bp ladder ,(M3,
M4, M8 andM7: C. sakazakii, (M5: C. muytjensii), (M14&M15: C. malonaticus), (M6: C. pulveris)
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Figure (6) : Agarose gel electrophoresis of sip virulence associated gene amplified from different
Cronobacter spp isolates with amplicon size of 934bp. L:100 bp DNA ladder, M3, M4, M8 and M7:
C. sakazakii, M5: C. muytjensii, M14 and M15: C. malonaticus and M6: C. pulveris.

Figure (7): Agarose gel electrophoresis of zpx virulence associated gene amplificated from different
Cronobacter spp isolates with amplicon size of 94bp. L:100 bp DNA ladder, M3, M4, M8 and M7: C.
sakazakii, M5:C. muytjensii, M14 and M15:C. malonaticus, M6:C. pulveris.

M8 mM14 M5

Our study is considered the first local study in Irag concerned with the detection of virulence genes in
Cronobacter spp isolated from clinical cases in infants, from our results we concluded that isolated
Cronobacter spp exhibited different putative virulence genes which confirmed their pathogenicity and
ability to cause diarrhea and bacteremia in infants under two years.

The pathogenicity mechanisms of C. sakazakii are intricate and remain incompletely understood due
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to the diverse range of virulence factors exhibited by this bacteria and its global distribution (Kucerova
et al., 2010). Multiple investigations have been undertaken to elucidate the virulence factors and
associated risk of this pathogen. However, there have been fewer studies undertaken to investigate the
virulence characteristics of C. malonaticus (Alsonosi et al.,2015). Cronobacter species demonstrate
many virulence factors during the invasion and adherence to intestinal cells, including the synthesis of
toxins and hemolysins, as well as the ability to withstand killing by human serum. Nevertheless,
neonatal fatalities have solely been linked to C. sakazakii, C. malonaticus, C. muytjensii, and C.
turicensis (Kucerova et al., 2010).

The pathogenicity of Cronobacter is poorly understood due to limited research and characterization of
its virulence components. This work aimed to characterize strains of C. sakazakii, C. malonaticus, C.
muytjensii, and C. pulveris by detecting specific virulence genes. All eight strains in our study
possessed the ompA gene. The outer membrane proteins OmpA and OmpX facilitate the invasion of
C. sakazakii and C. malonaticus into cultured human enterocyte-like Caco-2 cells (Towensend et al.,
2007). The OmpA protein is a putative virulence factor that helps Cronobacter spp. cells to breach the
blood-brain barrier, leading to the development of meningitis. The sequencing of the ompA gene has
been widely employed for the identification of the Cronobacter genus (Mohan and Venkitanarayanan,
2006). None of the strains of C. malonaticus, C. muytjensii, and C. pulveris contained the cpa gene,
however it was found in all examined strains of C. sakazakii. This observation may suggest a
characteristic feature of C. sakazakii. These results are consistent with the findings described in
reference (Cruz et al., 2011). The Cpa protein is potentially a significant virulence factor that plays a
role in both serum resistance and the dissemination and invasion of C. sakazakii into the host's body
(Franco et al., 2011). Another noteworthy feature is the ubiquitous presence of the hly gene in all C.
sakazakii strains, which is absent in our other strains. The gene in question codes for type 111 hemolysin,
a membrane protein that has been identified in several pathogens with hemolytic activity, such as C.
sakazakii (BAA894). This particular strain was obtained from the NICU outbreak in Tennessee in 2001
(Baida and Kuzmin, 1996; Chen et al., 2004; Himelright et al., 2002).

The sip was harbored in only C. malonaticus strains and absent in all four C. sakazakii, C. muytjensii
and C. pulveris strains. This gene codes for an interacting protein with the siderophore and is able to
transfer electrons from reduced ferrodoxin to FAD and then convert NADP + to NADPH ( Cruz et al.,
2011; Faisal and Rasol, 2022).

Identifying virulence factors was crucial in comprehending the pathogenic process and its interaction
with the host. The study conducted by Holy et al. (2019) revealed the existence of certain genes, namely
ompA and cpa, which have been linked to bacterial pathogenicity. Additionally, the investigation
identified probable virulence genes, including hly and sip. However, further investigations are required
to ascertain whether these proteins may be classified as virulence factors. So far, the use of whole
genome sequencing on disease-causing strains has enabled us to accurately describe their features,
determining whether these properties are unique or shared among different bacteria (Grad and Lipsitch,
2014). This concise explanation provides a deeper comprehension of the characteristics associated with
how this particular bacteria enhances its chances of survival by utilizing various mechanisms to infect
the host and induce a more severe and perhaps lethal illness response.

Cronobacter spp. have been isolated from various environmental and food sources, as well as from
diverse clinical cases. Neonatal mortality have only been linked to C. sakazakii and C. turicensis.
However, all Cronobacter spp. have the potential to cause disease in newborns, particularly due to
their sensitive physiological condition (Kucerova et al. 2010). However, there is limited knowledge
regarding the virulence genes present in Cronobacter spp that have been isolated from clinical cases
of diarrhea and bacteremia in infants under the age of two in Mosul city, Irag. By employing a method
that examines the genetic and observable traits of the bacteria, we successfully identified distinct
virulence genes in C. sakazakii, C. malonaticus, C. pulveris, and C. muytjensii. Hence, our findings aid
in the additional delineation of these species and enhance comprehension of their distribution and
pathogenicity.
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Mohan and Venkitanarayanan (2007) provided a description of other proteins linked to invasion. The
OmpA protein has the capability to attach to fibronectin, which helps in the penetration of brain
endothelial cells. In their study, Mittal et al. (2009) showed that the expression of this protein in E.
sakazakii 51329 (C. muytjensii) had an impact on the occurrence of meningitis in newborn rats. The
OmpA-positive bacteria effectively traversed the intestinal barrier and proliferated within the blood-
brain barrier. On the other hand, strains that do not produce this protein were unable to attach to
epithelial cells. In a recent study, Kim et al. (2010) showed that the expression of OmpA and OmpX
in C. sakazakii is necessary for both apical and basolateral adhesion to and invasion of mammalian
cells.

A research comparing the genome of the C. sakazakii BAA-894 strain from the Tennessee NICU
outbreak with the pathogenomics of other bacteria revealed the presence of three shared potential
virulence genes (sip, hly, and cpa). The presence of these genes was discovered by PCR in isolates
obtained from human sources, and in a limited number of isolates from nonhuman sources (Miethke
and Marahiel, 2007). The presumed gene encoding type 11 hemolysin (hly) was exclusively detected
in C. sakazakii, C. malonaticus, and C. muytjensii isolated from human specimens. The type IlI
hemolysin, which is present in multiple diseases, is an essential outer membrane protein that exhibits
hemolytic activity (Baida and Kuzmin 1996; Chen et al. 2004). Additionally, a hypothetical gene for
the plasminogen activator (cpa) was mostly identified in two species, C. muytjensii and C. sakazakii,
which originated from human origins. The source cited is Cruz et al. (2011). The plasminogen
activators, which are serine proteases, indicate that this gene may have a role in exhibiting the greatest
invasiveness of Cronobacter spp. Additional research will be necessary to determine the significance
of these genes in causing disease and colonizing the host (Cruz et al., 2011). Nevertheless, our
investigation consistently observed virulence-associated traits in four species of Cronobacter (C.
sakazakii, C. malonaticus, C. muytjensii, and C. pulveris). Remarkably, C. sakazakii was discovered
to possess the three presumed virulence genes at a higher frequency and demonstrated the highest level
of invasiveness efficiency. Our findings indicate that Cronobacter spp. have the potential to be
successful opportunistic infections due to their ability to invade and the presence of some putative
virulence genes (hly and cpa).

4. Conclusion

Cronobacter spp. are known to cause severe infections in vulnerable populations like newborns and
young children. The identification of these bacteria in clinical specimens helps in understanding the
sources and risks associated with these pathogens. By determining virulence genes, the study provides
insights into how these bacteria cause disease. This is crucial for developing targeted interventions and
treatments. Knowing that Cronobacter spp. can be isolated from clinical specimens in a specific region
(Mosul city) informs local health authorities about potential outbreaks and the need for vigilance and
improved hygiene practices. The study addresses the limited information available about Cronobacter
spp., contributing to the broader scientific knowledge about these bacteria, which can inform future
research and policy-making.
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