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ABSTRACT

The presence of Cronobacter sakazakii in infant formula has been commonly
reported in the recent time and has been implicated in infection of infants with high
mortality rates. There is paucity of information the occurrence of C. sakazakii in
infant formula in the study area hence this study. This work aimed at the
determination of aerabic bacterial load and the susceptibility pattern of C. sakazakii
isolated from the infant formula and to determine the factors that encourages bottle
feeding. Standard microbiological methods were used to isolate and identify C.
sakazakii and disc diffusion method was used to determine the susceptibility of the
isolates to the tested antibiotics. Standard pre-test questionnaire was used to collect
information on the pattern of infant formula feeding and breastfeeding among
nursing mothersin the study area. The total aerobic bacterial counts of ten different
infant formula screened ranged from 1.1x10? to 8.0 x 10° cfu/g. The least counts
occurred in brand CWG whiles the highest was recorded in brand DNN. Out of ten
brands of infant formula examined only four were positive for C. sakazakii. Eight
antibiotics were tested against the isolated C. sakazakii. The isolates showed the
highest resistance to tetracycline (99.93%) followed by nitrofurantoin (96.97%).
Out of the tota isolates tested 42.43%, 51.51% and 52.51% were resistant to
amoxicillin/clavulanate, gentamicin and ofloxacin respectively. Based on the level
of education, 83.33% of the participated nursing mothers had minimum of
secondary education. A greater part of the respondents (82.35%) fed infant formula
to their babies while about 17.65% does not. Mother gave different reasons for
choosing infant formulafor their babies. A total of 39 mothers reported their babies
showed different signs of infections after been fed with infant formula. Most of the
infant formula screened did not meet the international acceptable standards and the
rate of bottle feeding is till high in the study area.

I ntroduction

Milk substitutes play an indispensable role
in infant nutrition when breast-feeding is
not possible, desirable and sufficient
(Greiner, 1977; Muytjensetal., 1988;

Howie, 2002). Infant formula is
manufactured to support adequate growth
of infants under six months of age when
fed as a sole source of nutrition (Cohen et
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al.,, 1984; Becker et al., 1994). Their
composition is roughly based on a
mother’s milk in most cases they are not
sterile due to contamination (Alles et al.,
2004). They have been designed to
provide infants with the required nutrients
for optimal growth and development.
Infant formulas, like other food items
contain microorganisms of different types
and in different amounts and
microorganism that dominate depend on
several factors (Fleming and McFeeters,
1981; Isolauri et al., 2002; Breeuwer et al.,
2003).

Introduction of complementary foods and
the use of artificial baby milk have been
associated with a high degree of infection
among infants. Isolates from most of
which are major bacteria have been
reported to be pathogenic (Erku and
Ashenafi, 1998, Morais et al., 1997).
Bacterial contamination of supplementary
milk feeds to infants and children up to 2
years of age is common. Higher degree of
contamination could significantly be
associated with lower income, lower caste,
illiteracy among the mothers, unclean
utensils, and lack of hand hygiene in the
mother (Iroegbu et al., 2000).

Most studies report that the stool flora of
breast-fed infants differs from that of
formula-fed infants (Satokari et al., 2002,
Rubaltelli et al., 1998). Breastfeeding
contribute largely to child hedth by
protecting the infant and child against
infections and death (Habicht et al., 1988).
In 1988, a Maaysian study found a
relative risk of 5 deaths after 1 week of
age children not breast fed compared with
breast fed infants (MMWR, 2002).
Providing the mother is given the right
information and support from the family,
community and from the hedth care
system, exclusive breastfeeding from birth

Is possible for most mothers except in a
few medical conditions (Pursall et al.,
1978; Iroegbu et al., 2000).

Cronobacter sakazakii (formerly known as
Eneterobacter sakazakii) belongs to the
family Enterobacteriaceae. It is closely
related to the genera Enterobacter and
Citrobacter (Sani and Yi, 2011; Himelright
et al., 2002). C. sakazakii is anormal flora
of milk powder, wheat, rice, vegetables,
cheese, sausage meat, teas, and various
spices (Joseph and Forsythe, 2011). It is
associated with various food products like
powdered infant formula. Is an
opportunistic pathogen that has been
implicated in food-borne outbreaks or
sporadic cases worldwide (Leclercq et al.,
2007). It is the causative agent of
meningitis, septicemia, and necrotizing
colitisin infants, particularly neonates.

Muytjens et al., (1988) reported a study
examining powdered infant formulae from
13 European countries and found
Cronobacter species in 53% of 141
samples. Cronobacter sakazakii is a gram-
negative, rod-shaped bacterium that has a
wide spread and relatively resistant to heat
(Nazarowec-White and Farber, 1997a;
Edelson-Mammel and Buchanan, 2004)
hence survive in infant formula and poses
serious risks on infants (Kandhai, 2004).
Multiplication of C. sakazakii causes
severe invasive infections in preterm and
term infants, particularly during the first
weeks of life. The pathogen causes high
rates of meningitis, brain abscesses and
necrotizing enterocolitis (Lai, 2001) with
mortality of 33% to 80% (La, 2001,
Burdette and Santos, 2002; Pagotto et al.,
2003).

C. sakazakii is a pathogen of emerging
public health concern. It has been detected
in a range of foods especially infant
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formula. Infants requiring formula feeding
are at high risk for developing life-
threatening C. sakazakii infections, which
are associated with significantly high
morbidity and mortality rates. In southern
Nigeria, there is no report on the
occurrence of the pathogen in the powder
infant formula hence the aim of this study.
The objectives of this study were to
determine the level of bacteria
contamination and antibiotic resistance of
the associated C. sakazakii in common
infant formula products in Ekiti Sate,
Nigeria.

Materials and M ethods
Sour ce of samples

Five samples each for the ten brands of
powdered infant formula were purchased
from different supermarkets in Ado-EKkiti,
Nigeria. None of the products was seal-
pampered nor expired. And al the
products were certified by the National
Agency for Food and Drug Administration
and Control (NAFDAC).

Determination of total aerobic bacterial
count and isolation of C. sakazakii

Each of the powdered infant formula
samples was opened in a sterile
environment and the methods of Fawole
and Oso (2001) and Banwart (1994) were
used to determine the aerobic bacterial
loads in the samples. The FDA (2002)
method was used for the isolation of C.
sakazakii. The sample was first pre-
enrichment by dispensing 10 g of each
powder was asepticaly into a 50 ml of
sterile distilled water in a conical flask.
Ten-fold seria dilution of the solution was
made This was incubated at 36°C for 24 h.
Ten milliliter of the diluted solution was
added into 90 ml Enrichment Broth (EEB)

and incubated at 36°C for 24 h. After
incubation a loop full of the culture was
aseptically inoculated onto violet red bile
glucose (VRBG) agar (Oxoid). The plates
were incubated for 24 h at 36°C. Colonies
with purple colour were picked and sub-
cultured onto tripticase soy Agar (TSA).
The plates were incubated at 25°C for 72 h
in an incubator. The tests were conducted
in triplicates. For each of the brands
positive for C. sakazakii we selected an
average of 10 isolates for the possibility of
detecting clones. The cultura and
biochemical test were performed on the
isolates and the results interpreted
according to Holt et al., (1994).
Determination of Antibiotic
Susceptibility of C. sakazakii

The isolates were standardized by growing
at 37°C in Mueller-Hinton broth (Oxoid)
for 16-18 h and adjusted to an optica
density of 0.1 (0.5 McFarland Standard) at
a wavelength of 625 nm. The disc
diffuson method was used for
susceptibility testing as described by
Clinical and Laboratory Standard Institute
(CLSI) (2008). The isolates were tested
against eight commercial antibiotics. The
commercialy prepared antibiotic disks
(Abtek Biologicas Limited) and ther
concentrations are as follows: amoxicillin
(25ug), gentamicin (10ug), cotrimoxazole
(25n0), nitrofurantoin (30ug), nalidixic
acid (30ug), ofloxacin (30ug),
amoxicillin/clavulanate  (30ug) and
tetracycline (30p.9).

Subjects and Questionnaire
Study population

This study was conducted between May
and July 2009. At the onset of the study
the intent of the study was disclosed to the
subjects (the nursing mothers). A
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structured questionnaire interview was
used to collect data from consented
mothers who gave a verba consent and
signified their intention to participate in
the study. The questionnaire used in the
interview was evauated, reviewed
carefully and then pretested on 20
respondents. The questionnaire consisted
of two parts. The first focused on socio-
demographic characteristics of
respondents in terms of academic
qualifications and occupation. The second
involved issues with infant formula and
breast feeding pattern.

Two hundred and fifteen questionnaires
were distributed to the consented nursing
mothers at Ado-Ekiti and llawe-EKkiti,
representing urban and rural areas
respectively. The questionnaires were
administered and data were collated. Only
two hundred and four questionnaires were
returned out of the total distributed.

Result and Discussion

Table 1 shows the result of the total
aerobic bacterial countsin the 10 brands of
infant formula screened. None of the
powders were sterile. The total aerobic
bacterial counts ranged from 1.1x10° to
8.0 X 10° cfu/g. The least counts occurred
in brand CWG whiles the highest was
recorded in DNN. Out of ten brands of
infant formula examined only four [ISM
(4/5), JGO (3/5), PKK (2/5), and CWB
(3/5)] were positive for the C. sakazakii.

As shown in Table 2, the susceptibility
pattern of C. sakazakii shows that the
isolates had highest resistance to
tetracycline  (99.93%) followed by
nitrofurantoin (96.97%). Out of the tota
isolates tested 42.43%, 51.51% and
52.51% were resistant to amoxicillin/
clavulanate, gentamicin and ofloxacin

respectively. Amoxicillin/ clavulanate was
most effective against the isolates while
nitrofurantoin  recorded the least
effectiveness.

Table.1 Total bacterial count of screened
infant formula (L ogsocfu/q)

Samplest | Total bacterial
load
ISM 3.301+0.128
DNN 3.903+0.913
JGO 3.806+0.108
PKK 2.079+0.317
NNN 3.556+0.428
NTD 3.716+0.253
CWB 2.041+0.025
FRG 3.301+0.136
SML 3.556+0.083
CWB 3.602+0.461

Data are the meantSEM of triplicate
determinations; These are represented and
not the real names of the products

Table.2 Antibiotic susceptibility pattern of
C. sakazakii isolated from infant formula

Antibioti | Suscept | Interme | Resista
cs ible diate nce
AMX 143 12 174
TET 5 7 317
GEN 160 0 169
NIT 7 7 315
OFL 155 0 174
NAL 13 9 307
AMOX/C 169 16 144
LAV

COT 31 4 294

Table 3 shows the distribution of
respondents based on their level of
education and occupation. It is clearly
shown that 83.33% of the respondents
have at least secondary education while
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only 16.67% of the respondents had
primary school education only. It also
shows the distribution of respondents by
occupation. Most of the respondents
(65.69%) were either self employed or
unemployed  while 3431%  were
government workers.

Table 4 shows the level of infant formula
feeding among nursing  mothers
participated in the study. A greater part of
the respondents (82.35%) fed infant
formula to their babies while about
17.65% does not. Out of the 168 (82.35%)
respondents that feed infant formula to
their babies a total of 41(24.40) were
public servants while 71(42.26%) were
trader. Respondent gave different reasons
for bottle feeding.

Table 5 shows the type of infant formula,
factors affecting their choices and effect
on babies’ health. Brand NNN enjoys
widest acceptance among mothers
followed by FRG with 45.10% and
14.71%  respectively. Mother gave
different reasons for choosing infant
formula for their babies. A total of 26
mothers reported their babies showed
different signs of infections after been fed
with infant formula. A tota of 176
(86.27%) mothers responded that they use
to feed their babies with chocolate drink or
adult milk before the age of 12 months.

Ten different types of infant formulas
were examined for their microbial quality
and the presence of C. sakazakii. The total
bacterial counts ranged from 1.1x10° to
8.0 X 10° cfu/g in brands CWG and DNN
respectively as shown in Table 1. Thus,
this suggests that infant formula could
support the growth of bacterial pathogen
despite their low water activity**3193
hence could be a good vehicle for the

transmission of pathogens. The results of
this study also indicated that the products
were not sterile. This supports the report
of Chap et al.,, (2009) which detected
different species of family
Enterobacteriaceae in infant formula.

However, the aerobic bacterial load was
much higher than the microbiological
specification for powdered infant formula
(NZFSA, 2009; Oonaka et al., 2010). The
contamination of infant formula with C.
sakazakii in this study was higher than the
previous studies by Muytjens et al., (1988)
that found C. sakazakii in 14.8% of 141
samples analysed. Nazarowec-White and
Farber (1997a), reported 6.7% of 120
samples, Leuschner et al., (2004), in
13.8% of 58 samples, while Seo and
Brackett (2005), did not find any positive
samples in 50 infant formulas evaluated.
The result of this study was lower than
that of Aigbekaen and Oshoma (2010) that
detected the pathogen in al the brands
screened. This contamination could be due
to the dry mixing or other methods of
processing for the current samples (Gutler
et al., 2005). Nazarowec-White and Farber
(1997b), indicated that the absence of
pasteurization after mixing ingredient may
result in a high level of contamination in
dry mixed infant formulas. Four out of ten
infant formulas screened for C. sakazakii
were culture-positive.

As shown in Table 2; the highest
resistance of C. sakazakii to tested
antibiotics was notice against tetracycline
(93.93%), followed by nitrofurantoin
(96.97%). The resistant pattern of the
pathogen was 42.42%, 51.51% and
5151% to  amoxicillin/clavulanate,
gentamicin and ofloxacin respectively.
Amoxicillin/clavulanate was most
effective against the isolates while
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Table.3 Level of education and occupation of the respondents (nursing mothers)

ltems Infant formula
Level of education Responsen feeding (with or
aS|?%) EBFn (%) Wi?h(out
breastfeeding) n (%)
Primary school 34 (16.67) 14 (3889) 20(11.90)
Secondary school 95(46.57) 13(36.11) 82(48.81)
Polytechnic/ university 30(14.71) 3(8.33) 27 (16.07)
College of education 125(61.27) 4(11.11) 121(72.02)
Others 20(9.80) 2(5.56) 18(10.71)
Total 204 36 (17.65) 168 (82.35)
Occupation
Public servant 43(21.08) 2(5.56) 41(24.40)
Trader 90(44.12) 19(52.78) 71(42.26)
Farmer 5(2.45) 4(11.11) 1(0.6)
Full housewife 20(9.80) 6(16.67) 14(8.33)
Food seller 6(2.94) 2(5.56) 4(2.38)
Teacher 25(12.25) 1(2.78) 24(14.29)
Unemployed 15(7.35) 2(5.56) 13(7.74)
Total 204 36 (17.65) 168 (82.35)

EBF: Exclusive breast feeding

Table.4 Level of infant formula feeding among nursing mothers participated in the study

[tems Response | Percentage

Do you feed infant formulato your child?
Yes 168 82.35
No 36 17.65
Total 204

If yes, why?
As supplements to breast milk 86 51.19
Good for baby 18 10.71
Due to the nature of my job 32 19.04
Weaning 24 14.28
On advice 2 1.19
Baby refusal of breast milk 2 1.19
Medical advice 2 1.19
Sickness of mother 0 0

Total 168
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Table.5 Type of infant formula, factors affecting their choices and effect on babies health

ltems | Response | Percentage
What type/brand of infant formula do you give to your child(ren)?
NNN 74 44.04
NTD 15 8.93
SML 16 9.52
FRG 32 19.05
ISM 2 1.19
JGO - 0
CWB 11 6.55
DNN 1 0.6
PKK 13 7.74
CWG 0 0
Others 6 3.57
Total 168
What is the basis for infant formula sel ection?
Composition 11 6.55
Price 8 4.76
Advice from friends 15 8.93
Medical advice 25 14.88
Previous experience 21 12.50
No answer 88 52.38
Total 168
Do you natice any negative effect on your baby’s health after using infant formula?
Yes 39 23.21
No 129 76.79
Total 168
If yes, what effect?
Vomiting 4 10.26
Passing of stool 29 74.36
Sickness 4 10.26
Others 2 5.13
Total 39
Do you feed your babies with chocolate drink or adult milk before the age of 12 months?
Yes 172 84.31
No 32 15.67
Total 204
If yes, which type?
Adult milk 28 16.28
BRVT 118 68.60
MILL 12 6.98
VITL 8 4.65
Other 10 5.81
No response 4 2.33
Total 172

The names of the products given here are not their real names but representatives
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Table.6 Knowledge of nursing mothers about duration of breastfeeding and
commencement of infant formula

ltems | Response | Percentage

At what age do you think breast feeding should stop?

Below 9 months 14 6.86
9-10 months 4 1.96
11-12months 106 51.96
13-14 months 44 21.57
15-16 months 8 3.92
17-18 months 2 0.98
19-20 months 0 0
21-22 months 6 2.94
23-24 months 12 5.88
25 months and above 0 0
No response 8 3.92
Total 204

Wheat is the basis for infant formula sel ection?
Composition 12 5.88
Price 8 3.92
Advice from friends 16 7.84
Medical advice 28 13.73
Previous experience 24 11.76
No answer 116 56.86

Total 204

At what age do you think infant formula should begin if at all?
1 months 6 2.94
2 months 16 7.84
3 months 24 11.76
4 months 78 38.22
5 months 12 5.88
6 months 44 21.57
7 months 12 5.88
8 months 0 0
9 months 4 1.96
| do not know 2 0.98
No response 12 2.94
Total 204

Factors influencing type of supplementary food fed
Price 28 13.72
Availability 18 8.82
Cultural 20 9.80
Quality 10 5.10
Suitability for baby 72 45.08
Others 16 7.84
No response 8 3.92

Total 204
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nitrofurantoin recorded the least anti-
cronobacter. The resistance of the
C. sakazakii to first line antibiotics was
higher than other antibiotics. The isolates
were moderately susceptible to gentamicin
and amoxicillin/clavulanate. This supports
the finding of La (2001) who reported
increasing resistance to Cronobacter
species to common antibiotics.

Table 3 shows the educational status of the
respondents. It could be suggested from
these results that education contributes to
the use of infant formula among nursing
mothers. Educated mothers fed their
babies with formula than the less educated
ones. In a similar study in a Nigeria
Ojofeitimi (1981) reported that the highest
frequency of mothers who introduced
infant formula at less than one month was
among the mothers with formal education.
However, this finding is against the report
of Pursall et al., (1978) who noted that
better education encourages breastfeeding.
Educated women were quick to introduce
their infants to infant formula compared to
the less educated ones. The distribution of
respondents by occupation shows that
most of the respondents (65.69%) were
either self employed or unemployed while
34.31% were government workers.

Table5 shows that majority of the
respondents feed their babies with NNN
brand of infant formula (44%) while 14%
of these respondents fed their babies with
FRG brand. The choice of the infant
formula could be due to their price and/or
nutritionally values, age in the circulation
and advertisement. The respondents
(86.27%) feed their babies with other
beverages (chocolate based) before the
ages of 12 months. This may be due to the
cheap prices and availability of the
chocolate drinks.

Some of the babies fed with infant formula

manifested different signs of infections.
This may be as a result of infections
acquired from the food as noted by
Cameron and Hofvander (1983) and
Brown (1989). Poor hygiene commonly
associated with bottle feeding could also
be the factor responsible. This has been
identified to lead to increased mortality
rate among infants (Cameron and
Hofvande, 1983). Infant infections may
not be directly as a result of formula
feeding but due to the contamination of the
utensils and water used for the preparation.
More than half of the respondents,
51.96%, as shown in Table 6 planned to
wean their babies between the age of 10
and 12 months. This may be due to some
cultural and personal reasons.

In conclusion, the result of this research
work underscore the fact that most of the
infant formula screened did not meet the
international acceptable standards and
there is high contamination level of C.
sakazakii in powdered infant formulas
which could be due to methods of
processing, preparation, handling and
storage of formulas. The rate of bottle
feeding is still high especialy among
educated mothers.

Refer ences

Aigbekaen, B. O., and Oshoma, C. E. 2010.
|solation of Enterobacter sakazakii from
powdered foods locally consumed in
Nigeria. Pak JNutr. 9 (7): 659-663.

Alles, M. S,, P. A. Scholtens and Bindels, J.
G. 2004. Current trends in the
composition of infant milk formulas.
Current Pediat. 14: 51-63.

Banwart, G. J, 1994. Basic Food
Microbiology. 2" edition, New York;
Van Nostrand Reinhold.

Becker, H., G. Schaller, W. von Wiese and
Terplan G. 1994. Bacillus cereus in



Int.J.Curr.Microbiol.App.Sci (2013) 2(7): 1-11

infant foods and dried milk products.
Intern. J. Food Microbiol. 23:1-5.

Breeuwer, P., A. Lardeau, M. Peterz and
Joosten, H. M. 2003. Desiccation and
heat tolerance of Enterobacter sakazakii.
JAppl Microbiol. 95: 967-973.

Brown, K. H., 1989. Infant-feeding practices
and their relationship with diarrheal and
other diseases in Huscar (Lima), Peru.
Pediatrics. 83(1):31-40.

Burdette, J. H., and Santos, C. 2002.
Enterobacter sakazakii brain abscess in
the neonate; the importance of
neutroradiolgic imaging. Pediatr Radiol.
30: 33-34.

Cameron, M., and Hofvande, Y. 1983.
Manual on feeding infants and young
children. Dehli, Nairobi; Oxford
University Press.

Chap, J., P. Jackson, R. and Siqueira, R.
2009. International Survey  of
Cronobacter  sakazakii and  Other
Cronobacter spp. in follow up formulas
and other infant foods. Int J Food
Microbiol. 136: 185-188.

Clinical and Laboratory Standards Institute
(CLSI) 2008. Clinical and Laboratory
Standards Institute. M100-S18.
Performance standards for antimicrobial
susceptibility testing; 18th informational
supplement. Clinical and Laboratory
Standards Institute, Wayne, PA.

Cohen, J., E. Marambio, B. Lynch and
Moreno A. 1984. Bacillus cereus food
poisoning amid newborns. Rev. Chilean
Pediat. 55: 20.

Edelson-Mammel, S. G., and Buchanan, R.
L. 2004. Thermal inactivation of
Enterobacter sakazakii in rehydrated
infant formula. J. Food Protect. 67: 60-
63.

Erku, W. A., and Ashenafi M. 1988.
Prevalence of food-borne pathogens and
growth potential of salmonellae in
weaning foods from Addis Ababa,
Ethiopia. East Afr. Med J. 75(4): 215-
218.

Fawole, M. O., and Oso, B. A. 2001
Laboratory Manua of Microbiology.

10

Ibadan, Spectrum Books Limited,
pp.127.

Fleming, H. P. and McFeeters, R. F. 1981.
Use of microbia cultures: vegetable
products. Food Techn. 35: 84-88.

Food and Drug Administration (FDA).
2002. Isolation and enumeration of
Enterobacter sakazakii from dehydrated
powdered infant formula. USFDA
Centre for Food Safety and Applied
Nutrition.

Greiner, T., 1977. The influence of infant
food advertisng on infant feeding
practices in St. Vincent. Thesis for
Masters of Science in Nutrition. Ithaca
NY: Cornell University.

Guitler, J. B., J. L. Kornacki and Beuchat, L.
R. 2005. Enterobacter sakazakii: A
coliform of increased concern to infant
health. Int JFood Microbiol. 104: 1-34.

Habicht, J. P., J. Davanzo and Butz, W. P.
1988. Mother’s milk and sewage: Their
interactive effects on infant mortality.
Pediatrics. 81(3): 456-460.

Himelright, 1., E. Harns and Lorch, V. 2001.
Enterobacter ~ sakazakii infections
associated with the use of powdered
infant formula. MMWR. 51: 297-300.

Himelright, I., E. Harris, V. Lorch and
Anderson, M. 2002. Enterobacter
sakazakii infections associated with the
use of powdered infant formula—
Tennessee. JAMA. 287:2204-5.

Holt, J. G., N. R. Krieg, P. H. A. Sneath, J.
T. Staley and Williams, S. T. 1994.
Bergey’s Manua of Determinative
Bacteriology 9" Edn.  Williams &
Wilkins, Baltimore.

Howie P.W., 2002. Protective effect of
breastfeeding against infection in the
first and second six months of life. Adv.
Exp. Med. Biol. 503:141-7.

Iroegbu, C. U., H. N. Ene-Obong, U. V.
Uwaegbute and Amazigo, U. V. 2000.
Bacteriological quality of weaning food
and drinking water given to children of
market women in Nigeria: implications
for control of diarrhoea. J Health Pop
Nutr. 18(3): 157-162.



Int.J.Curr.Microbiol.App.Sci (2013) 2(7): 1-11

Isolauri, E., S. Rautava, M. Kallimaki, P.
Kirjavainen and Saminen S. 2002. Role
of probiotics in food hypersensitivity.
Curr Opin Aller Clin. Immunol. 2: 263-
271.

Joseph, S., and Forsythe, S. J. 2011.
Predominance of Cronobacter sakazakii
sequence type 4 in neonatal infections.
Emerg. Infect. Dis. 17(9): Sept. 1713-
1715.

Kandhai, M. C., M. W. Reiji, and Gorris, L.
G. M. 2004. Occurrence of Enterobacter
sakazakii in food production
enviroments and households. The
Lancet. 363: 39-40

La, K. K., 2001. Enterobacter sakazakii
infection among neonates, infant,
children and adults. Medicine. 80:113-
122.

Leclercq, N. F. A.,, H. Joosten and
Robichon, D. 2007. Comparison of the
phenotyping methods ID 32E and
VITEK 2 compact GN with 16S rRNA
gene sequencing for the identification of
Enterobacter  sakazakii. J. Clin.
Microbiol. 45 (6) 2048-2050.

Leuschner, G. K. R., F. Baird and Donald,
B. 2004. A medium for the presumptive
detection of Enterobacter sakazakii in
infant formula. Food Microbiol. 21: 527-
533

Morais, T. B., T. A. T. Gomes and Sigulem,
D. M. 1973. Enteroaggregative
Escherichia coli in infant feeding
bottles. The Lancet. 349: 1448.

Morbidity and Mortality Weekly Report
(MMWR). 2002. Enterobacter sakazakii
infections associated with the use of
powdered infant formula. MMWR. 51:
297-300.

Muytjens, H. L., H. Roelofs-Willemse and
Jasper, G. H. J. 1988. Quality of
powdered substitutes for breast milk
with regard to members of the family
Enterobacteriaceae. J. Clin. Microbiol.
26: 743-746

Nazarowec-White, M., and Farber, J. M.
1997a. Thermal resisatnce  of
Enterobacter sakazakii in reconstituted

11

dried-infant ~ formula.  Lett
Microbiol. 24: 9-13

Nazarowec-White, M., and Farber J. M.
1997b. Incidence, survival and growth
of Enterobacter sakazakii in infant
formula. J Food Protec. 60: 226-230.

New Zedand Food Safety Authority
(NZFSA). 2009. Infant Formula and
Cronobacter sakazakii survey report.
Survey Report No 2/09: 1-11.

Ojofeitimi, E. O., 1981. Breast feeding
pattern in Nigeria Maternity Centre. Clin
Pediatric. 20(6): 412-414.

Oonaka, K., K. Furuhata, M. Hara and
Fukuyama, M. 2010. Powder infant
formula milk contaminated  with
Enterobacter sakazakii. Jon J Infect Dis.
63: 103-107.

Pagotto, F. J., M. Nazarowec-White, S.
Bidawid and Farber, J M. 2003.
Enterobacter sakazakii infectivity and
enterotoxin production in vitro and in
vivo. J. Food Protect. 66:370-375.

Pursal, E. W., M. C. Jepson, B. A. M.
Smith and Emery, J. L. 1978. Breast
feeding and mothers education. Lancet.
2: 734.

Rubaltelli, F. F., R. Biadaioli and Pecile, P.
1998. Intestinal flora in breast and
bottle-fed infants. J. Perinat. Med.
26:186-91.

Sani, N. A, and Vi, L. Y. 2011
Enterobacteriaceae, Cronaobacter
(Enterobacter) sakazakii and Microbial
Population in Infant Formula Productsin
the Malaysian Market. Sains
Malaysiana. 40(4): 345-351.

Satokari, R. M., E. E. Vaughan and Favier,
C. F. 2002. Diversity of Bifidobacterium
and Lactobacillus spp. in breast-fed and
formula-fed infants as assessed by 16S
rDNA sequence differences. Microb.
Ecol. Health Dis. 14: 97-105.

Seo, K. H., and Brackett, R. E. 2005. Rapid
detection of Enterobacter sakazakii in
infant formulas using real-time PCR
assay. J. Food. Protect. 68: 59-63.

Appl



