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ABSTRACT

Received: 25 Nov 2019 [XTSE Cronobacter sakazakii (CS) is a member of the Enterobacteriaceae family. It is a genomically hetero-

Accepted: 12 Mar 2021 geneous, motile, Gram-negative bacillus. It is also an emergent foodborne pathogen associated with the
Available Online:01Apr2021  ingestion of infant formula milk that can cause neonatal sepsis, necrotizing enterocolitis, and meningitis.
© This review is focused on the newest information about the bacterial characteristics of C. sakazakii and
human infections causing by this pathogenic bacterium.
We searched medical databases such as IS| Web of Science, PubMed, Scopus, and
other websites.
[FITE Cronobacter sakazakii acts as a microbiological hazard in the infant food chain, with historic high
mortality in neonates. The International Commission for Microbiological Specifications for Foods has cat-
egorized C. sakazakii as a severe hazard bacterium for some individuals, with long duration, substantial
chronic sequelae, or life-threatening complications. Although the incidence of C. sakazakii infection is low,
the prognosis of the disease is poor, and infection is associated with significant morbidity and mortality.
Powdered Infant Formula (PIF) milk products contaminated with C. sakazakii have been epidemiologically
linked to several clinical cases. Premature infants, low-birth-weight ones, and patients hospitalized in the

Key words: Neonatal Intensive Care Units (NICUs) are more at infection risk than older infants.
Foodborne patho-  [ZTEITERT We recommend focusing on simple preventative strategies such as the promotion of breast
gen, Cronobacter milk feeding, the inclusion of warnings on the powder infant formula packages that may be contaminat-
sakazakii, Neonates, ed with C. sakazakii, and abstinence from the practice of re-warming of reconstituted formula. Recon-
Hospitalized patients, :  stituted dairy products should be avoided in adult immunosuppressed populations. Appropriate barrier
Infections, Prevention precautions should be observed in NICU and intensive care unit settings, where the spread of infection
strategies © may be more prevalent.
English Version as a new bacterial species in 1980. Initially, it was identi-
fied as an opportunistic pathogen responsible for meningi-
1. Introduction tis and sepsis in neonates [1, 2]. C. sakazakii is of genus

Cronobacter and is a genomically heterogeneous, motile
(by flagella), and Gram-negative rod bacterium [1]. The
bacterium was firstly named as “yellow-pigmented cloa-

ronobacter sakazakii is one of the Entero- cae”, and categorized as “Enterobacter sakazakii” in 1980,

bacteriaceae family members characterized considering the diversity in antibiotic susceptibility profiles,
e ]
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pigment production, DNA-DNA hybridization, biochemi-
cal reactions, compared with Enterobacter cloacae [3]. By
DNA-DNA hybridization method, C. sakazakii has been
reported to be 50% associated with Enterobacter cloacae
and Citrobacter koseri. Also, C. sakazakii produces brain
abscesses similar to those caused by C. koseri [4].

In 1980, Farmer and colleagues determined the species
and illustrated 15 biogroups based on the biochemical
patterns. A defining characteristic has been the activity of
the a-glucosidase enzyme [5]. As a result, selective dif-
ferential media incorporating chromogenic or fluorogenic
a-glucosides such as the indolyl substrate 5-bromo-4-
chloro-3-indolyl-a, D-glucopyranoside have been pre-
sented [5, 6]. Lately, 16S rDNA sequencing has shown
that biochemical diagnostic kits recognized more than one
species as C. sakazakii with at least four biochemically and
genetically separate subgroups [5, 7, 8].

Cronobacter sakazakii constitutes a microbiological haz-
ard in the infant food chain, with historically high mortality
in neonates. It has been described since early 1929 when it
was characterized by producing a yellow culture and caus-
ing septicemia in infants. The name Cronobacter was ap-
propriately derived from Greek mythology. Cronobacter
sakazakii comb. nov., was named in honor of the Japanese
microbiologist Riichi Sakazaki when the species was first
defined in 1980 as Enterobacter sakazakii. Hence, Crono-
bacter gen. nov. was proposed after the Greek mythological
god, Cronus, who swallowed his children at birth [9]. Cro-
nus was the son of Uranus (Heaven) and Gaea (Earth), the
youngest of the 12 Titans. He eventually became the king
of the Titans and took for his consort his sister Rhea. Rhea
bore him several children, including Hestia, Demeter, Hera,
Hades, and Poseidon. Cronus, however, had been previous-
ly warned by his parents that he would be overthrown by
his own child. Then, he swallowed all those children. When
Zeus was born, however, Rhea hid him in Crete and tricked
Cronus into swallowing a stone instead. Zeus grew up,
forced Cronus to disgorge his brothers and sisters, waged
war on Cronus, and was victorious [10].

C. sakazakii was previously known as a “yellow-pigment-
ed Enterobacter cloacae” until 1980. It was first classified
as a novel species in 1980 when it was introduced as a
new species based on differences in biochemical reactions,
DNA-DNA hybridization, and antibiotic susceptibility pat-
terns [11-14].

Analysis of both partial 16S rDNA and hsp60 sequences
showed that C. sakazakii isolates formed at least four dis-
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tinct clusters, and it was proposed that clusters 2, 3, and
4 could be unique species. Based on DNA-DNA hybrid-
ization and phenotyping, Enterobacter sakazakii was sub-
sequently proposed to be re-classified into a new genus
Cronobacter, composed of five distinct species: Crono-
bacter sakazakii, C. malonaticus, C. turicensis, C. muytjen-
sii, and C. dublinensis. Because of their close relatedness,
C. sakazakii and C. malonaticus are difficult to distinguish
by 16S rDNA sequence analysis [15, 16].

In 2007, different microorganisms were classified in the
Cronobacter genus, including four named species, one un-
named species, and five named subspecies: C. sakazakii
subspecies sakazakii, C. sakazakii subspecies malonaticus,
C. dublinensis subspecies dublinensis, C. dublinensis sub-
species lactaridi, C. dublinensis subspecies lausanensis, C.
muytjensii, C. turicensis, C. genomospecies 1 (a distinct
species, but unnamed) [17, 18].

Cronobacter is a Gram-negative member of the En-
terobacteriaceae family. It is rod-shaped and motile by
peritrichously flagellated. The bacterium was known
as Enterobacter sakazakii in 1980, differentiated from
Enterobacter cloacae regarding its antibiotic susceptibil-
ity profiles, pigment production, biochemical reactions,
and DNA-DNA hybridization [19]. Subsequently, En-
terobacter sakazakii was identified as a more taxonomi-
cally complex and genetically diverse species than ear-
lier thought, and consequently, an extensive poly-phasic
survey led to the proposal of the new genus Cronobacter,
affording species status to several biogroups of Entero-
bacter sakazakii [20]. The Cronobacter genus consists of
six species: Cronobacter sakazakii, Cronobacter malo-
naticus, Cronobacter turicensis, Cronobacter muytjensii,
Cronobacter dublinensis, and Cronobacter genomospe-
cies 1, to accommodate the biogroups of the hitherto
known C. sakazakii [19, 20].

Cronobacter sakazakii (ubiquitous and opportunistic
pathogen) is a member of the Enterobacteriaceae family. It
is a Gram-negative, rod-shaped bacterium measuring ap-
proximately between 3 and 1 um in size and is peritrichous-
ly or highly flagellated, thus being motile. It can produce a
protective biofilm, too [2, 21].

Strains in the Cronobacter genus are described as catalase
positive, oxidase negative, and facultative anaerobic. Sub-
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strates used for energy production include amino acids and
various lipophilic molecules, sugars, and nitrates in nitrate
reduction reactions [22].

Although the optimum temperature for growth of C.
sakazakii is 39°C; the temperature range for the growth of
Cronobacter is 6°C to 45°C, with an optimal range of 37°C
to 43°C. Cronobacter is the most thermo-tolerant member
among the Enterobacteriaceae family. Some Cronobacter
Strains can grow at 47°C and slowly at household refrig-
eration temperatures. This bacterium can grow below 4°C,
indicating that this species would replicate even during re-
frigeration [23].

Cronobacter sakazakii is a foodborne pathogen associ-
ated with the ingestion of IFM that can cause neonatal sep-
sis, meningitis, and necrotizing enterocolitis. C. sakazakii
has been categorized as a severe hazardous bacterium for
some individuals, with long duration, substantial chronic
sequelae, or life-threatening complications [24].

Cronobacter sakazakii is considered an opportunistic
organism and an etiological agent of life-threatening dis-
eases in infant groups. Although the incidence of C. saka-
zakii infection is low, the prognosis of the disease is poor,
and infection is associated with significant morbidity and
mortality. Powdered Infant Formula (PIF) milk products
contaminated with C. sakazakii have been linked to several
clinical cases [3].

The important infections caused by Cronobacter sakaza-
kii in infants are necrotizing enterocolitis, septicemia, and
life-threatening meningitis. Low-birth-weight and prema-
ture infants and those aged >28 days are more at infection
risk than older ones. Clinical manifestations and outcomes
include bloodstream infection, necrotizing enterocolitis,
meningitis, developmental delay, cyst formation, seizures,
brain abscess, hydrocephalus, ventriculitis, and death in
40%—80% of the cases [25-27]. The mortality rate of Nec-
rotizing Enterocolitis (NEC) caused by Cronobacter saka-
zakii is about 40% to 100% in the most severely affected
patients. This infection is the most common gastrointestinal
surgical emergency in affected neonates [3].

In neonatal populations, Cronobacter sakazakii infection
outbreaks have been related to [ infant formula milk. Most
patients who survive C. sakazakii meningitis suffer from se-
vere neurologic sequelae, including development retarda-
tion, quadriplegia, and hydrocephalus [28]. Fecal carriage
of C. sakazakii has been reported in patients as old as 18
weeks of age, showing the potential for adherence to the
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mucosal membrane and long-term colonization of the hu-
man intestine by this organism and supporting the need for
the isolation of infected patients. Neonatal enterocolitis is
associated with enteral feeding, intestinal prematurity, and
microbial colonization. The infection affects roughly 13%
of those with birth weights 1.5 - 2 kg and 5% of all preterm
(premature) infants [28, 29].

Cronobacter sakazakii infections continue to be more
common in infants and neonates, usually associated with a
poor prognosis. Mortality rates of 33% to 80% have been
reported [30]. Also, morbidity in C. sakazakii infections is
significant. Most children who survive Enterobacter-associ-
ated meningitis (94%) develop irreversible neurological se-
quelae resulting in quadriplegia, developmental delay, and
impaired sight and hearing. These complications are fre-
quently attributed to secondary cerebral infarcts. Although
premature low-birth-weight infants are at higher risks, C.
sakazakii infection has been shown in normal and immuno-
compromised adults. Some outbreaks of bacterial infection
in Neonatal Intensive Care Units (NICUs) have been attrib-
uted to powdered formula contaminated with Cronobacter
[30,31].

Infections caused by Cronobacter are mostly associated
with sporadic cases of life-threatening diseases, in particu-
lar septicemia, NEC, and meningitis in infants. Infants un-
der 28 days of age and neonates with low birth weight (i.e.,
< 2.5 kg) are at heightened risk compared to more mature
counterparts [19]. Various infections include bloodstream
infections, NEC characterized by intestinal necrosis and
pneumatosis intestinalis, meningitis leading to ventriculitis,
hydrocephalus, brain abscess, cyst formation, pulmonary
and urinary tract infections. In infants, meningitis caused
by Cronobacter is established 4 or 5 days after birth and
can be fatal within hours to several days following the onset
of first clinical signs. The mortality rate for neonatal infec-
tions has been reported to be as high as 80%, and survivors
often suffer from severe irreversible neurological disorders
[19, 32].

There have been few reports of C. sakazakii infection in
adults, and it is not usually life-threatening.

The implications for infected neonates are severe. Once
neonates are infected, they have a mortality rate of 40% to
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80%, and a 20% chance of survival is accompanied by seri-
ous neurological complications [33, 34].

Given the ubiquity of Cronobacter sakazakii animate
environment (animals, man) and inanimate environment
(plants, soil, water), it is not surprising that C. sakazakii is
detected in many foods and food products of animal and
vegetable origin [35].

Cronobacter sakazakii has been isolated from the prod-
ucts, such as chocolate, cereal, pasta, potato flour, milk
powder, and spices. Also, this bacterium has been recov-
ered from the guts of the stable fly (Stomoxys calcitrans),
the Mexican fruit fly (Anastrpha ludens), and household
vacuum cleaner bags [26, 36]. Oral and intestinal coloniza-
tion with C. sakazakii may be associated with the ingestion
of contaminated foods. As C. sakazakii is an opportunistic
pathogen, the patient’s colonization flora is the most prob-
able source of infection under circumstances of immuno-
suppression and severe underlying diseases in patients after
the neonatal period [35, 37]. C. sakazakii has been isolated
from plant food and food ingredients like cereal, fruit and
vegetables, legume products, herbs and spices as well as
animal food sources like milk, meat, and fish and products
made from these foods. The spectrum of C. sakazakii-con-
taminated food covers both raw and processed foods [35].
Food and food ingredients may be contaminated with C.
sakazakii under hygiene mismanagement by contaminated
insects and rats. C. sakazakii has been detected in food pro-
duction as well as in domestic environments. The ubiqui-
tous microorganism C. sakazakii has been isolated from a
wide spectrum of environmental sources, including water,
waste and thermal spring water, soil, dust from households,
and food production-lines 3, 35, 38, 39].

C. sakazakii-contaminated vegetarian food and drinks
comprise vegetables, fruit, legumes, cereal, herbs, spices,
and other related products. C. sakazakii has been isolated
from the xylem fluid of lemon rootstocks, the rhizosphere
of wheat, and as endophytic bacteria from the leaves of rice
plants [35]. It has also been detected in the bacterial coloni-
zation flora of disinfected sugar beet seeds. As C. sakazakii
belongs to the cultivable endophytic and epiphytic flora of
rice and soybean plants, it could be isolated from the related
food products [35, 40, 41]. Some traditional cereal-, herb-
and legume-based food and beverages were contaminated
with C. sakazakii. The bacterium may be part of starter
cultures for the fermentation of traditional vegetarian food
products. C. sakazakii has been detected in mixed salad
vegetables and imported, fresh, and deep-frozen vegetables
at the retail level [35, 42].
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C. sakazakii-contaminated food of animal origin com-
prise a variety of meat and meat products from camel, pig,
beef, and poultry, besides eggs, raw milk and different dairy
products and, less frequently, fish [35]. C. sakazakii has
been isolated from animals, especially from birds, lizards,
rats, and piglets. In vertebrates, C. sakazakii is a member of
the normal (animal and human) oral and intestinal flora. It
was found among the isolates from secretions of an infected
mammary gland of dairy heifers. Liu et al. detected C. saka-
zakii in feed for pets. Also, C. sakazakii was isolated from
various raw and ready-to-eat meat (products) [35, 43]. Iso-
lated C. sakazakii has been found during a complicated cur-
ing process of meat products. It is a histamine-forming mi-
croorganism in the ripening process of cheese and has been
isolated from a cheese whey substrate. Researchers dem-
onstrated the lipolytic activity of a C. sakazakii-strain. C.
sakazakii has been detected in fresh and prepared fish, too.
A tetracycline-resistant C. sakazakii-strain from a Chilean
freshwater salmon farm with no history of recent antibiotic
use has been isolated. It has also been isolated from smoked
sardines after 12 weeks of storage after irradiation [35, 44].

C. sakazakii with the total frequencies of 1.8% (10/564
Strains) and 0.4% (1/256 strains) was detected when inves-
tigating the central and local drinking water supplies, re-
spectively. During their investigation for biofilm formation,
the bacteria indigenous to the water distribution system was
found. Even bottled beverages should not be considered
free of microorganisms [35, 45].

Cronobacter sakazakii is thermo-tolerant and can con-
taminate PIF both intrinsically and extrinsically. Intrinsic
contamination results from introducing the organism into
the PIF at some stages during the manufacturing process.
In contrast, extrinsic contamination may result from the use
of contaminated utensils, such as blenders and spoons, to
prepare PIF [46].

C. sakazakii are known to contaminate infant formula
through the raw materials used for producing the formula
or other dry ingredients after pasteurization; the caregiver
may reconstitute the contamination of the formula just
before feeding [47]. In most cases, the transmission route
of Cronobacter-associated infant infections has not been
confirmed. However, epidemiological studies in several
incidents have implicated rehydrated PIF products as the
vehicle of transmission and utensils used for formulae prep-
aration as the likely source of contamination [19, 48].
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Although the number of well-documented cases of Crono-
bacter sakazakii infections in infants worldwide has in-
creased in recent years, it has remained very low compared
to many other infectious diseases. Also, there are reports in
the literature about C. sakazakii (Cronobacter spp.) infec-
tions in older age groups, including adults, but the rate of
infection among infants is lower. There has been no reported
systematic review of cases in children and adults [49].

Virulence determinants of Cronobacter sakazakii are still
unknown, and pathogenicity mechanisms have only begun
to be researched. C. sakazakii is a foodborne pathogen that
can cause severe illnesses and even death in persons with
immunological deficiencies such as neonates, hospitalized
patients in NICU, persons with severe underlying diseases,
and the elderly. In these populations, this bacterium can suc-
cessfully establish, colonize, and ultimately produce severe
diseases [50, 51]. In humans, C. sakazakii has been found
to affect specifically the nervous, gastrointestinal, and vas-
cular systems. Establishment in the human vascular system
causes bacteremia and or sepsis. It is often preceded by
colonization beyond the blood-brain barrier leading to cere-
brospinal fluid infection and meningitis, which may prog-
ress into intracerebral infarctions, brain abscess, and or cyst
formation resulting in central nervous system deterioration.
Necrotizing Enterocolitis (NEC) caused by C. sakazakii is
currently the most common gastrointestinal emergency in
neonates, characterized by necrosis of the gastrointestinal
lumen [50-52].

Cronobacter sakazakii has adhesive capacities to several
in vitro cell lines, including endothelial and transformed
epithelial lines. This bacterium can attach to intestinal cells
and survive in macrophages, but the specific involved re-
ceptors have remained to be determined. Recently, it was
shown that the disruption of tight junctions significantly
enhances the association of C. sakazakii with Caco-2 cells
[53]. Some reports suggest a similarity between the tro-
pism of Cronobacter sakazakii and Citrobacter koseri for
invasion and infection of the central nervous system. It was
noted that brain abscesses due to Cronobacter and Citro-
bacter koseri were morphologically similar and may be due
to similar virulence mechanisms [53, 54].

Cronobacter sakazakii carries endotoxin on its surface;
however, other virulence factors may also be crucial to
pathogenicity. For a pathogen to cause an infection in a
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host, it should adhere to and colonize host surfaces. Specific
adhesion to host cells is considered to be an essential viru-
lence factor for most bacterial pathogens. This foodborne
pathogen appears to adhere instantaneously to host surfaces
and then proliferates in a logarithmic manner until an opti-
mal concentration is attained. The adhesion of C.sakazakii
to epithelial cells is mainly non-fimbriae-based, suggesting
the role of other virulence factors in binding. The bacterium
exhibits clustered adhesion, a pattern that also has been as-
sociated with neonatal colitis-causing strains of Klebsiella
pneumoniae [28, 32]. C. sakazakii has an unusual surviv-
ing ability under dry conditions, but the thermal tolerance
of C. sakazakii-strains may be different [32, 35].

Exposure to Cronobacter induced apoptosis and increased
expression of interleukin-6 in infant rats could effectively
explain the pathogenicity of Cronobacter-associated NEC
in neonates [19].

The adhesive behavior of C. sakazakii $trains is impres-
sive, but until only recently, it has been thoroughly inves-
tigated. Adherence has been reported on inorganic and
synthetic surfaces, such as plastics, silicon, PVC, polycar-
bonate, glass, stainless steel, and public water systems. Ad-
hesion to living surfaces such as in a pathogenic capacity
has been shown to differ between strains, but all share the
trait of being independent of fimbriae structures and require
a metabolically active host cell for adhesion [55].

Some strains of Cronobacter sakazakii produce a vis-
cous capsular material, potentially allowing the organism
to form a biofilm on feeding equipment and contact sur-
faces, and how this material contributes to macrophage
evasion remains to be determined [50, 56]. C. sakazakii
capsule may also protect the organism, facilitating its sur-
vival in desiccated environments. The biofilm and capsule
have been shown to reduce the efficacy of various com-
mon sanitizing methods, such as UV-light radiation, high
osmotic pressures, heat, dry conditions, starvation, low pH,
detergents, antibiotics, phagocytes, antibodies, and some
bacteriophages. This biofilm may protect C. sakazakii, al-
lowing it to survive osmotic, thermal, and tensile stressors
[56]. Enterobacter sakazakii also produces a viscous cap-
sular material, potentially allowing the organism to form a
biofilm on feeding equipment and contact surfaces [38].
This biofilm may protect ES, allowing it to survive osmotic,
thermal, and tensile stressors. Mange et al. demonstrated
that ES has adhesive capacities to several in vitro cell lines,
including endothelial and transformed epithelial lines [19].
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Furthermore, entry is enhanced in the presence of the host
cell cytoskeleton (actin filaments and microtubule struc-
tures) and disruption of the tight junction. This event may
account for the opportunistic nature of this infection, par-
ticularly in infants and neonates [19].

The abilities of C. sakazakii to produce capsule and bio-
film reduce the efficacy of UV-light, high osmotic pressure,
heat, dry conditions, starvation, acids, inhibitory detergents
like sanitizers and antibiotics, phagocytes, antibodies, and
bacteriophages. C. sakazakii-strains can adhere to surfaces
of materials and are used in the production, preparation,
and administration of food like plastics, silicon, latex, poly-
vinyl chloride, less frequently on glass and stainless steel.
C. sakazakii has been cultivated from biofilms of drinking
water systems [35].

Cronobacter sakazakii expresses the outer membrane
protein A (ompA) that shows a high degree of homology
with ompA genes of other Gram-negative bacteria [28].
The ompA protein is crucial in the invasion of brain en-
dothelial cells by C. sakazakii. The organism also induces
microtubule condensation at the sites of entry in endothelial
cells. OmpA expression is required for moderate invasion
of human intestinal epithelial cells. The binding of this bac-
terium to enterocytes, both in vitro and in the animal model,
induces enterocyte apoptosis/necrosis in a dose-dependent
manner [57].

Also, Cronobacter invades human brain microvascular
endothelial cells more often than epithelial cells, but en-
try requires the expression of outer membrane protein A
(ompA) to induce microtubule condensation [19].

Cronobacter sakazakii can attach to plastics and silicon
rubber surfaces and grow in a biofilm. Enteral feeding tubes
and feeding-bottle teats can harbor the bacterium in large
numbers. Biofilm formation may also be a factor associated
with altered susceptibility to antimicrobials [3].

Large amounts of Lipopolysaccharide (LPS) are released
by the bacteria killed by antibiotics, phagocytosis, the
complement complex, or treatment with divalent cation
chelators. In an infected host, small amounts of LPS can be
protective by stimulating the immune system, while large
amounts induce high fever and lead to septic shock and
death by multiorgan failure and systemic inflammatory re-
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sponse. LPS liberated from bacteria is associated with LPS
Binding Protein (LBP), an acute-phase protein present in
the bloodstream, and forms complexes consisting of LPS,
LBP, and soluble CD14 (sCD14) [58, 59]. The O-antigen
region is one of the most variable regions in the membranes
of Gram-negative bacteria, and this variability is routinely
used to discriminate serotypes within the species of bacte-
ria. Within O-antigen gene clusters, the wzx and wzy genes
have the most diverse nucleotide sequences, which has led
to their wide use in serotype-specific PCR assays [59, 60].
Finally, high levels of heat-stable lipopolysaccharide (en-
dotoxin) in infant formula may enhance the translocation of
Cronobacter across the gut and blood-brain barrier, increas-
ing the risk of bacteremia in neonates [19, 58].

Cronobacter sakazakii can become injured when they
are subjected to stress such as heat and drying. This bac-
terium can respond to stress by entering a unique physi-
ological state known as the “viable but nonculturable”
(often abbreviated as the VNC state). Bacterial pathogens
in the Enterobacteriaceae family (for example, Escherichia
coli O157:H7, Salmonella, Shigella, Enterobacter cloacae,
Klebsiella) can enter this state [17].

The actual amount of ES contamination usually is
low, ranging from 0.36 to 66 Colony-Forming Units
(CFU)/100 g [28].

In industrial countries, persons may have a predisposing
condition (e.g. those receiving chemotherapy, transplant
persons, people with chronic diseases, HIV positive pa-
tients, those receiving immunosuppressive treatments) that
suppresses their T-cell mediated immunity, thereby poten-
tially raising their susceptibility to a broad range of bacte-
rial infections, including Cronobacter sakazakii infections.
Also, an unknown proportion of neonates, infants, and tod-
dlers may be temporarily immunocompromised at any time
because of the pharmaceutical treatments, such as steroids
for asthma exacerbations, injury, effects of acute disease, or
stress. In addition, there has been a significant increase in
the prescription of gastric acid-suppressing medications for
gastroesophageal reflux in infants and toddlers in industri-
alized settings [61, 62]. While not traditionally considered
immuno-suppressing, such medications impair one of the
first lines of defense humans have against ingested patho-
gens. Infants, in addition, have lower levels of gastric acid,
making them more vulnerable to infections. The prevalence
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of immunocompromising conditions may be relatively low
in the developed countries, but the picture seems very dif-
ferent in developing countries, where the prevalence of
such factors can rise to 40% [62].

Some of the vehicles of transmission and the infectious
dose of Cronobacter sakazakii are unknown. The number
of reported cases of Cronobacter infections is very low;
nevertheless, it has slightly increased recently. Cronobacter
sakazakii does not withstand the temperature at which milk
is pasteurized, but it is easily found post-pasteurization,
manufacturer environment, and preparation and handling
before consumption. The thermal tolerance of Cronobacter
in dried PIF has been well documented. This is why im-
portant steps towards preventive measures are needed to
eliminate or avoid risks of PIF contamination and prolifera-
tion of the C. sakazakii. It is worth pointing out that breast-
feeding should always be supported and encouraged since
breast milk constitutes the preferred food for newborn in-
fants, especially in their early months. When this is not pos-
sible, a mother should be well informed and educated on
the importance of hygiene while handling, preparing, and
storing PIF. Recommendations also underline the impor-
tance of using ready-to-feed PIF, complying with the rules
for aseptic preparation and refrigeration at 2°C to 3°C of
reconstituted PIF for a span of time shorter than 4 hours [2].

Traditionally, the treatment of Cronobacter infections
with a combination of B-lactam (ampicillin) and amino-
glycoside (gentamycin) or ampicillin-chloramphenicol has
been successful [19]. It is sensitive to some antibiotics such
as numerous B-lactams, antifolates, tetracycline, amino-
glycosides, chloramphenicol, and quinolones. Also, trim-
ethoprim-sulfamethoxazole may be useful. Nevertheless,
many Cronobacter species are resistant to narrow-spectrum
penicillins (i.e., ampicillin and amoxicillin) that tradition-
ally have had good activity against members of the Entero-
bacteriaceae family. Emerging resistance of this bacterium
to some antibiotics of choice should prompt physicians to
consider carbapenems (ertapenem, meropenem, imipe-
nem) or the newer broad-spectrum cephalosporins (e.g.
cefepime) in combination with a second agent such as an
aminoglycoside (e.g. gentamycin). Consequently, selecting
antibiotics based on bacterial pure culture and susceptibil-
ity results and minimizing the use of broad-spectrum drugs
are of paramount importance. C. sakazakii has intrinsic re-
sistance to fusidic acids, streptogramins, glycopeptides, and
lincosamides [28, 63].

April 2021. Vol 27. Issue 2

C. sakazakii is intrinsically resistant to fosfomycin, ri-
fampicin (rifampin), lincomycin, clindamycin, macrolides
(clarithromycin, erythromycin, azithromycin), fusidic acid,
and streptogramins. Nevertheless, resistance to ampicillin
has increased owing to the production of B-lactamases and
the acquisition of Transposable Elements (TEs) or jumping
genes [2, 3, 64, 65]. Cronobacter sakazakii can inactivate
cephalosporins and broad-spectrum antibiotics by secretion
of B-lactamase enzymes [3, 64, 65].

Cronobacter sakazakii is relatively resistant to dryness,
heat, and osmotic stresses, which may explain, in part, its
presence and survival in desiccated infant powder and simi-
larly prepared products. Unsuitable storage and temperature
regulation may raise the bacterial load, consequently facili-
tating infection outbreaks. Although C. sakazakii infection
may increase secondary to reheating of formula and poor
storage, it has not been documented definitely that staff
of hospital themselves are not a vector for this foodborne
pathogen. Unfortunately, hospital personnel may contrib-
ute to the spread of infection by ignoring suitable hygiene
guidelines [66]. So, great care should be taken in contact
with the isolation of infected and susceptible patients (in-
fants) and adhering to strict hand washing. Also, C. sakaza-
kii may form biofilms on different surfaces and, as a result
of that acquiring resistance to disinfectants. It can survive in
food powders for at least 12 months [28, 66, 67].

Tolerance or resistance of desiccated conditions for such a
long time can be attributed to certain aspects of the Crono-
bacter sakazakii physiology, perhaps most notably because
some isolates can produce a polysaccharide capsule. Over
a 12-month storage period, the organism has been shown
to survive better in dried formula products with an aw be-
tween 0.25 and 0.30 than at 0.69 and 0.82. C. sakazakii is
resistant to desiccation over a wide range of aw (0.25-0.86)
[68]. Sanitizer, disinfectants, and detergents reduce the C.
sakazakii thermal resistance in powdered infant formula
milk and other nutrient products.

An obstacle in diagnosing C. sakazakii infections and
their sources is the ability or capacity of clinical, food, and
environmental laboratories to identify the organism. The
isolation of bacteria, such as C. sakazakii, from dried foods
requires a series of steps to revitalize stressed cells that
would otherwise not be cultured.
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Table 1. Biochemical tests to differentiate Cronobacter from Enterobacter spp.
Tests Crono- E.aero- E. qsbur- E. can- E. cloacae E. g-ergo- E. hor- s E. helveti- E. tut:i-
bacter spp.  genes iae cerogenus viae maechei cus censis
CIT + + + + + + - - -
H,S - - - - - - - - -
MR - - + - - \Y Y + +
VP + + - + + + Y = =
LDC - + - . " - + B )
ADH + - v + o v - - -
0oDC + + + + + + + - -
4-NP-o- . ) ) ) ) ) v . .
Glc
SAC + + + - + + + - -
ARA + + + + + + + + +
CEL + + + + + + + + +
SOR - + + - - - - - -
RAF + + v - + - - - -
ADO - + - - = = - - -
uarterly of

he Horizon of Medical Sciences

Note: CIT, use of citrate as sole carbon source; H,S, production of hydrogen sulfide; MR, methyl red test; VP, Voges-Proskau-

er; LDC, lysine decarboxylase; ADH, arginine dihydrolase; ODC, ornithine decarboxylase; 4-NP-0-Glc, metabolism of 4-NP-a-
glucoside; SAC, acid from sucrose; ARA, acid from arabinose; CEL, acid from cellobiose; SOR, acid from sorbitol; RAF, acid from
raffinose; ADO, acid from adonitol; +, 90%—-100% positive; v, 20%—-80% positive; -, less than 10% positive.

Cronobacter is a genus of the Enterobacteriaceae family.
It is a Gram-negative, facultatively anaerobic, oxidase-neg-
ative, catalase-positive, and rod-shaped bacterium. They
are generally motile, reduce nitrate, use citrate, hydrolyze
esculin and arginine, and are positive for L-ornithine decar-
boxylation. Acid is produced from D-glucose, D-sucrose,
D-raffinose, D-melibiose, D-cellobiose, D-mannitol, D-
mannose, L-rhamnose, L-arabinose, D-trehalose, galactu-
ronate and D-maltose. Cronobacter spp. are also generally
positive for acetoin production (Voges—Proskauer test) and
negative for the methyl red test, indicating 2,3-butanediol
rather than mixed acid fermentation [68-71]. Some impor-
tant biochemical tests to differentiate Cronobacter from
Enterobacter spp. are presented in Table 1.

The detection of bacteria from typically sterile sites (e.g.
blood, CSF) is less complex than their detection and isola-
tion from a powdered formula, as the organisms would not

be stressed and are unlikely to be in a mixed population.
Nevertheless, accurate clinical identification of isolates
such as C. sakazakii is restricted by using methods that have
not been specifically validated for the organism [70].

Isolation of Cronobacter sakazakii from food samples is
performed according to FDA protocol. Three Erlenmeyer
flasks of sterile distilled water (pre-warmed to 45°C) of 9,
90, and 900 mL containing 1, 10, and 100 g of PIF, respec-
tively, are prepared. After the weighed samples are thor-
oughly mixed and dissolved in digtilled water, it was incu-
bated at 35+2°C for 18 to 24 hours. After incubation, 10 mL
of each sample was added to 90 mL of Enterobacteriaceae
Enrichment (EE) broth medium and placed at 35+2°C for
18 to 24 hours. Following the incubation, a loopful of the
enrichment culture is streaked onto duplicate Violet Red
Bile Glucose Agar (VRBGA) medium plates, and incuba-
tion was performed for 18 to 24 hours at 35°C+2°C. Four
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presumptive colonies are picked from each VRBGA plate,
and pure culture was performed on MacConkey agar and
Tryptic Soy Agar (TSA). The isolated colonies that pro-
duce yellow pigment on TSA medium at room temperature
(25°C) are identified. For the final confirmation of isolates,
manual biochemical tests and biochemical tests embedded
in the API-20E biochemical kit system are used [2].

Different media, including E. sakazakii Selective Broth
(ESSB), Druggan-Forsythe-Iversen agar, Cronobacter
Screening Broth (CSB), E. sakazakii Enrichment Broth
(ESE), EE broth, and modified Lauryl Sulfate Broth
(mLST), are used for the isolation of C. sakazakii from food
samples. Compared with conventional, labor-intensive
methods, the recently developed fluoro- and chromo-genic
differential selective media decrease the time for the isola-
tion of C. sakazakii [72]. The phenotypic identification of
C. sakazakii with commercial systems may be inadequate
for the strains isolated from food specimens. Molecular
genetic methods revealed that several strains identified as
C. sakazakii by commercial biochemical kits belonged to
distinct species. To confirm C. sakazakii, more than one
differentiation system is recommended. Computationally-
based methods, including biochemical and 16S rDNA-data,
improve the reliability and the detection time of identifica-
tion [35, 73].

Different techniques have been designed to identify
Cronobacter sakazakii. Key molecular tests and particular
areas of the DNA sequence can be applied for the accurate
discrimination of C. sakazakii from other closely related
species. To date, assays for the isolation and identification
of C. sakazakii have applied production of yellow pigment
and the o-glucosidase test as presumptive differentiating
characteristics. However, these assays can result in pre-
sumptive false positives because of groups of as yet uniden-
tified non-C. sakazakii Enterobacteriaceae, which are also
positive for both of these characteristics. The use of yel-
low pigment as a defining characteristic can also result in
false-negative because of the occurrence of non-pigmented
C. sakazakii isolates and the occasional transient nature of
this trait [5].

There are no active surveillance systems and guidelines
for Cronobacter sakazakii disease. The World Health Or-
ganization and Food and Agriculture Organization of the
United Nations made the following recommendations: (1)
notify infant caregivers of the risks related to non-sterile
powdered formula products, (2) encourage industry part-
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ners to develop a range of affordable sterile formula op-
tions, (3) if infants cannot breastfeed, consider feeding
high-risk infants with sterile formula, and (4) consider set-
ting an industry guideline for C. sakazakii and other En-
terobacteriaceae members in infant formula milk. Factories
warning labels on packages of powdered infant formula
should stress that their products are non-sterile and need
suitable handling, preparation, and storage and that sterile,
liquid formula alternatives are available [26].

Pasteurization is effective in destroying Cronobacter
sakazakii. Acidification reduced the concentration of C.
sakazakii in vegetable-based foods and different types of
infant formula products [35, 42]. Hygiene mismanage-
ment due to incorrect time and temperature factors due to
the transmission of bacteria via small vertebrates, insects,
hands, and equipment should be avoided during the prepa-
ration process, production, and storage of food and drink.
C. sakazakii may be related to food spoilage. It should be
noted that the detection of the ubiquitous C. sakazakii in
food is not always an indicator of hygiene mismanagement.
For persons with acquired or congenital immunological
deficiency, especially neonates, infants, elderly individu-
als, and persons with severe underlying diseases, the wide-
spread occurrence of C. sakazakii and other Enterobacteria-
ceae members in the food and environment may indicate a
health hazard [35].

2. Conclusion

Because of the ubiquitous nature of Cronobacter saka-
zakii and its unclear pathogenesis, preventive measures
by parents, infant formula manufacturers, and health care
providers will be necessary for the prevention of C. saka-
zakii-related infections. We recommend focusing on simple
preventative strategies such as the promotion of breast milk
feeding, the inclusion of warnings on powdered infant for-
mula packages that they may be contaminated with C. saka-
zakii, and abstinence from the practice of re-warming of re-
constituted formula. In adults, we believe that reconstituted
dairy products should be avoided in immunosuppressed
populations. Appropriate barrier precautions should be ob-
served in ICU settings (both adult and neonatal), where the
spread of infection may be more prevalent.
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