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ABSTRACT

Background: Cronobacter sakazakii is an emerging opportunistic bacterium
whose presence in powdered infant formulas has been reported in several litera-
tures. Infections such as necrotizing enterocolitis, sepsis and severe meningitis
common to both premature and full-term infants have been linked to C. sakazakii.
Objectives: The objectives were to determine antibiotic susceptibility profile of
C. sakazakii using known antibiotics and to determine the time-kill of C. sa-
kazakii by known antibiotics.

Methods: The antibiotics susceptibility of C. sakazakii and the time-kill were
carried out using standard methods.

Results: The antibiotics susceptibility results showed that out of forty four C.
sakazakii isolates tested, 44 (100%) were sensitive to Ciprofloxacin, 27 (61.36%)
to Gentamycin and 17 (38.64%) to Streptomycin. The time-kill curve showed that
both Ciprofloxacin and Gentamycin were able to kill C. sakazakii at 240 minutes.
Conclusion: Out of the three antibiotics effective against C. sakazakii, Ciproflox-
acin and Gentamycin were able to kill C. sakazakii at 240 minutes. Thus, this
suggests that Ciprofloxacin and Gentamycin will be effective therapeutic agents
against C. Sakazakii.
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INTRODUCTION

Cronobacter Sakazakii (previously known
as Enterobacter sakazakii) is an opportunistic bac-
terium that survives and persists in dry and low-
moisture environments such as powdered infant for-
mula. Aigbekaen and Oshoma (2010) reported the
presence of C. sakazakii from powdered foods lo-
cally consumed in Nigeria. The diseases caused by
C. sakazakii affect all age groups but it is more pro-
nounced in premature infants and those below two
months (Henry and Fouladkhah, 2019). Life-
threatening health complications (such as seizures,
urinary tract infection, neonatal meningitis and sep-
sis) emanated from the infections caused by C. sa-
kazakii (Hunter and Bean, 2013; CDC, 2015; Henry
and Fouladkhah, 2019). In the same vein, Ezeh et
al. (2018) and Feeney et al. (2014) reported that life
-threatening infections which could lead to death in
immunocompromised adults are also linked to C.
sakazakii. Henry and Fouladkhah (2019) opined
that environments such as manufacturing facilities
where powdered infant formula (PIF) are produced,
healthcare settings and domestic environments fa-
voured the isolation of C. sakazakii.

Several outbreaks were recorded in
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neonates’ intensive care as a result of infection
caused by C. sakazakii. In May/ June 1994 in
France, CDC reported that, thirteen neonates
were infected, three died, June/ July 1998 in Bel-
gium, twelve neonates developed necrotizing en-
terocolitis and two twin brothers died and a more
serious one in Tennessee in 2001. These out-
breaks have been linked to the contamination of
PIF by C. sakazakii (CDC, 2001). In addition,
two outbreaks recorded in New Zealand and
France in 2004 was linked to two PIF. WHO
(2004) reported the involvement of five hospitals
in an outbreak of C. sakazakii infections. Out of
the nine cases recorded in the outbreak in French,
the dead of two infants were recorded. Among
infants whose weights were less than 2 Kg, eight
cases were recorded while one case was obtained
in an infant born at 37 weeks whose weight was
3.25 Kg. On reviewing the practices in the hos-
pitals, it was discovered that recommended hy-
gienic practices to be maintained during the prep-
aration, handling and storage of feeding bottles
were not adhered to while storage of reconstitut-
ed formula beyond 24 h in domestic
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refrigerators whose temperature cannot be controlled
or traced was discovered in other four hospitals
(WHO, 2004).

Furthermore, CDC (2001) reported that a to-
tal of five babies were lost in New Mexico due to C.
sakazakii infection in 2008. This incident was of a
great concern to the US Centres for Disease Preven-
tion and Control on the consumption of PIF (CDC,
2001). More so, the feeding of two infants with in-
fant formula made them to be infected with C. sa-
kazakii in a hospital in Quertaro, Mexico in 2010.
The two infants developed bloody diarrhoea. The
first infant was treated with cefotaxime and vanco-
mycin while the second was treated with clindamy-
cin and amikacin and the two infants recovered
(Jackson et al., 2015). As reported by Bowen et al.
(2017), a baby girl who was healthy for twenty one
days after a gestation period of twenty six weeks and
a weight of 1405 g came down with sepsis in April,
2016. C. sakazakii was isolated from the cerebrospi-
nal fluid and the blood samples. Although, she was
treated with ampicillin and cefepime, she developed
seizures and had liquefaction necrosis in the brain.
PIF was not given to the infant but pasteurized hu-
man milk that was donated and maternal milk which
was expressed were given to the infant in the first
week after birth. C. sakazakii was isolated from the
breast pump kit and the kitchen sink drain from the
mother’s home (Bowen et al., 2017).

Smirnova and Oktyabrsky (2018) reported in
their work that bacterial susceptibility to antibiotics
is in many cases strongly affected by their growth
phase. The importance of an antibiotic to kill bacte-
ria is very important in some clinical settings espe-
cially in the management of bacterial endocarditis or
the treatment of patients with bacteremia in granulo-
cytopenic (Fung-Tomc et al., 2000). This study
therefore focuses on the antibiotic susceptibility pro-
file of C. sakazakii.

MATERIALS AND METHODS

Collection of Cronobacter sakazakii

The isolates (C. sakazakii) used for the antibiotic
susceptibility profile and time- kill were obtained
from samples of powdered infant formulas subjected
to microbial analysis for the isolation of C. sakazakii
in the Microbiology Laboratory of Federal Universi-
ty of Technology, Minna, Nigeria.

Confirmation and Identification of C. sakazakii

C. sakazakii collected were confirmed by inoculat-
ing in buffer peptone water and enriched Enterobac-
teriaceae Enrichment Broth (EEB). The incubation
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was done at 37°C for 24 h. Plates of Har-
dyCHROM Sakazakii medium were inoculated
with a loopful from EEB and incubated at 37°C
for 24-48 h in a dark incubator (Hardy Diagnos-
tics Manual, 2011). The growth of C. sakazakii
colonies (greenish colonies) on the Har-
dyCHROM Sakazakii medium at the end of the
incubation period were further identified by Gram
Staining and biochemical tests as outlined by
Brooks et al. (2007) and Cheesbrough (2010).

Standardization of C. sakazakii

The standardization of C. sakazakii was deter-
mined as described by McFarland (1907) and
Murray et al. (2007).

Determination of Antibiotic Susceptibility Pro-
file of C. sakazakii

Antibiotic susceptibility profile of C. sakazakii to
known antibiotics was carried out according to
Kirby-Bauer method (Willey et al., 2011). C. sa-
kazakii was subjected to ten diffusion discs with
antibacterial drugs. They comprised of Augmen-
tin (30pg), Amoxicillin (25pg), Erythromycin
(5pg), Tetracycline (10ug), Cloxacillin (5pg),
Gentamycin (10pg),  Cotrimoxazole (25ug),
Chloramphenicol (30pg), Ciprofloxacin (10pg)
and Streptomycin (30ng). The C. sakazakii was
inoculated in Nutrient Broth (NB) and incubated
for 24 h at 37°C. C. sakazakii incubated for 24 h
at 37°C were streaked on Mueller-Hilton agar
plates with the aid of sterile swabs. The plates
were kept at the environmental temperature for a
period of 5 minutes and then diffusion discs with
antibacterial drugs were distributed on the plates
and then incubated for 24 h at 37°C. The results
were interpreted by measuring zones of inhibition
with the use of a millimetres scale rule. The re-
sults were presented as resistant or sensitive ac-
cording to Clinical and Laboratory Standards In-
stitute (2015).

Determination of the Time-Kill of Antibiotics
Effective Against C. sakazakii

A standardized overnight culture was used to de-
termine the time-kill of the antibiotics effective
against C. sakazakii. One millilitre (1 ml) of the
standardized inoculum was added to 9 ml Nutri-
ent Broth containing the various antibiotics dilu-
tions and 1 ml of the admixtures was withdrawn
at various time intervals of 30, 60, 120, 180 and
240 minutes respectively. A dilution of tenfold
(107" was done and then plated on Nutrient Agar
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in duplicates and incubated at 37°C for 24 h. The
same procedure was repeated for the control without
antibiotics. The population of C. sakazakii was enu-
merated and the values expressed in log;, cfu/ml af-
ter exposure to the antibiotics (Gengo et al., 1984).

RESULTS

Cultural Characteristics and Biochemical Tests
The colonies of C. sakazakii confirmed using
HardyCHROM sakazakii medium appeared green-
ish. The Gram reaction showed that they were Gram
negative while the biochemical tests revealed that
they were all motile, catalase positive, methyl red

negative, oxidase negative, positive for citrate
utilization and nitrate reduction (Table 1).

Antibiotic Susceptibility Profile of C. sakazakii
Table 2 shows the results of antibiotic sus-

ceptibility profile of C. sakazakii. C. sakazakii
were sensitive to Ciprofloxacin, Gentamycin and
Streptomycin in the following order: 100%,
61.36% and 38.64%. The isolates were resistant
to Chloramphenicol, Augmentin, Amoxicillin,
Erythromycin, Tetracycline, Cloxacillin and Co-
trimoxazole as they all had 0% each (Table 2)

Table 1: Cultural Characteristics and Biochemical Tests

Morphology Gram Biochemical tests
Reaction
Isolate 5 . = . 9 . .S g o o E & Proba})le

= =¥ = =9 E I E = =& %% £ Organism

- < 13 < < =N ) "E = 5 B

S @ : @ 2§ 0% 8 FZ73 =2

n=40 Red Straight - Rods + + - - + +  C. sakazakii
n= Number of C. sakazakii tested
Table 2: Antibiotic Susceptibility Profile of Cronobacter sakazakii
Antibiotics

Number
of Isolates CIP GEN STR CHL AUG AMO ERY TET CLO COT
3 3(100)  2(66.66)  1(33.33)  0(0) 0(0) 0(0)  0®0) 00) 0(0)  0(0)
1 1(100)  1(100) 1(100) 0(0) 0(0) 0(0)  0@0) 00) 00) 0(0)
1 1(100)  1(100) 1(100) 000) 0(0) 0(0) 00) 00) 00) 0(0)
2 2(100)  1(50) 0(0) 0(0) 0(0) 0(0)  0®0) 00) 00) 0(0)
2 2(100)  0(0) 0(0) 000) 0(0) 0(0) 00) 00) 00) 0(0)
1 1(100)  1(100) 0(0) 0(0) 0(0) 0(0)  0®0) 00) 00) 0(0)
2 2(100)  1(50) 0(0) 0(0) 0(0) 0(0)  00) 00) 00) 0(0)
4 4(100)  3(75) 1(25) 0(0) 0(0) 0(0)  0®0) 00) 00) 0(0)
2 2(100)  1(50) 1(50) 0(0) 0(0) 0(0)  00) 00) 00) 0(0)
4 4(100)  2(50) 1(25) 0(0) 0(0) 0(0)  00) 00) 00) 0(0)
6 6(100)  5(83.33) 2(3333) 0(0) 0(0) 0(0)  00) 00) 00) 0(0)
3 3(100)  2(66.67)  1(33.33)  0(0) 0(0) 0(0)  0®0) 00) 00) 0(0)
5 5(100)  3(60) 2(40) 0(0) 0(0) 0(0)  00) 00) 0(0) 0(0)
3 3(100)  1(33.33)  2(66.67) 0(0) 0(0) 0(0)  00) 00) 00) 0(0)
5 5(100)  3(60) 4(80) 0(0) 0(0) 0(0)  00) 00) 00) 0(0)
44 44(100) 27(61.36) 17(38.64) 0(0) 0(0)  0(0) 0(0) 0(0) 0(0)  0(0)

CIP-Ciprofloxacin; GEN-Gentamycin; STR-Streptomycin; CHL-Chloramphenicol; AUG-Augmentin; AMO
-Amoxicillin; ERY-Erythromycin; TET-Tetracycline; CLO-Cloxacillin; COT-Cotrimoxazole
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Time-Kill of Antibiotics Effective Against C. sa-

kazakii

Figure 1 shows the results of the time-kill
of effective antibiotics (Streptomycin, Ciprofloxa-
cin and Gentamycin) and the control from 30-240
minutes expressed in log;ocfu/ml. The populations
of the C. sakazakii were reduced in this order:
Streptomycin (3.5logjocfu/ml-2.6log;ocfu/ml),
Ciprofloxacin (3.3log;ocfu/ml-0.0log;ocfu/ml) and
Gentamycin (3.0log;ocfu/ml-0.0logocfu/ml). C.
sakazakii was killed at 240 minutes by Ciprofloxa-
cin and Gentamycin. However, the population of
C. sakazakii increased from 3.7logjcfu/ml -
4.0log ocfu/ml when the control was used (Figure

1).
DISCUSSION

The C. sakazakii isolates were susceptible
to Ciprofloxacin (100%), Gentamycin (61.36%)
and Streptomycin (38.64%). This result agreed
with the work of Aisha et al. (2013). The highest
percentage recorded in Ciprofloxacin was similar
to the results obtained in the study carried out by
Jawad et al. (2013). However, the result was not in
agreement with the work of Agbekaen and

4.5

3.5 -

Log;, cfu/ml

15 -

0.5

30 60 120
Kill-Time (minutes)

Oshoma (2010) in which Streptomycin was the
most effective of all the antibiotics used during
the susceptibility testing. The highest percentage
of susceptibility recorded in Ciprofloxacin may
be attributed to the initial population of the test
organism, rate of diffusion of the antimicrobial
agent and the rate of growth of the organism as
opined by Hugo (1998). The susceptibility of the
isolates to Gentamycin and Streptomycin
(members of aminoglycosides) as revealed in
Table 2 agreed with the work of Stock and
Wiedemann (2002). More so, the isolates were
resistant to Augmentin, Amoxicillin, Erythromy-
cin, Tetracycline, Cloxacillin, Cotrimoxazole
and Chloramphenicol as they all recorded 0%
each (Table 2). This possibly may be due to in-
sufficient antimicrobial agents and their rates of
diffusion. The rate of growth of the organism
may also be responsible for the resistance. C.
Sakazakii resistance to Amoxicillin obtained in
the study carried out by Agbekaen and Oshoma
(2010) agreed with this study. .Similarly, the re-
sistance of C. Sakazakii to Amoxicillin and Tet-
racycline agreed with the works of Mohammed-
daman et al. (2014). Furthermore, the kill-time
curve showed reductions in the population of

—4— Ciprofloxacin
—i—Gentamycin

Streptomycin

Control

180 240

Figure 1: Population Density of C. sakazakii (log;ocfu/ml) versus Kill-Time (minutes)
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C. sakazakii between 30-240 minutes (Figure 1).
This result further support the antibiotic susceptibil-
ity profile carried out before the time-kill using the
three antibiotics (Ciprofloxacin, Gentamycin and
Streptomycin) effective against C. sakazakii. The
results of time-kill differ in different studies due to
differences in the antibiotics used, organisms used
and variation in timing (Peter et al., 2007). Determi-
nation of time-kill is very important in clinical set-
tings as it guides in the duration of drugs usage and
treatment of diseases especially in some clinical set-
tings (Fung-Tomc et al., 2000). The ability of
Ciprofloxacin and Gentamycin to kill C. sakazakii at
240 minutes makes them bactericidal and possibly
makes them effective and potent in killing C. sa-
kazakii than Streptomycin. On the other hand, a
steady increment in the C. sakazakii populations
from 30-240 minutes in the control were expected as
no antibiotic was used in the control (Figure 1). This
shows that the absence of antibiotics in the control
facilitated the steady growth of C. sakazakii while
the use of antibiotics against C. sakazakii either in-
hibit or kill it (bacteriostatic or bactericidal) as
shown in Figure 1.

CONCLUSION

The results of the antibiotic susceptibility
profile revealed that the isolates were susceptible to
Ciprofloxacin, Gentamycin and Streptomycin in this
order and the time-kill curve showed that Ciproflox-
acin and Gentamycin killed C. sakazakii at 240
minutes making them better than the other antibiot-
ics used in this study. This study showed the im-
portance of selecting the right antibiotics to be used
against the infections caused by C. sakazakii and the
need to determine time-kill of antibiotics against or-
ganisms which is very relevant in disease manage-
ment.
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