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ula has been associated with serious
infections with Salmonella spp and
azakii.
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pare powdered formula, using water
.
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ures registered in 200 mL of reconsti-
ere between 57.5 and 608C.

ns may not ensure inactivation of
The recent outbreak of Salmonella Agona linked to the consumption of

infant formula (powdered formula) has rekindled the attention about the

correct procedures for preparation and use of these products. International

guidelines have already been published so far, particularly in association

with Cronobacter sakazakii in early 2000s. FAO/WHO suggested to recon-

stitute formula with water at no less than 708C. We therefore contaminated

powdered formula with low levels of Salmonella spp and C sakazakii to

evaluate the pathogens inactivation during the formula preparation using

water at 708C. In these conditions we observed a survival of both pathogens,

indicating that the suggested recommendations may be not enough to

guarantee the safety of this product. Higher temperatures are needed to

reduce the biological risk, even if it may be not easily realized in actual

domestic conditions. Moreover, the impact on the nutritional value of

reconstituted formulas should be evaluated.

Key Words: Cronobacter sakazakii, outbreaks., powdered formula,

Salmonella spp
temperature must be considered to
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almonella spp. and Cronobacter sakazakii are ubiquitous
Gram-negative, facultative anaerobic, motile, non-spore–
S

forming bacteria that cause human disease (1). Since August
2017, an outbreak of Salmonella Agona linked to the consumption
of infant formula (powdered formula) has been ongoing in France.
As of January 11, 2018, the outbreak affected 39 infants (children
<1 year of age): 37 in France, 1 in Spain and 1 in Greece, but new
cases may be detected. Epidemiological investigations in humans
and traceability investigations in food, identified seven different
brands of infant formula from a single processing company in
France as the vehicles of infection (2). No other common foods or
drinks were identified among cases. A variety of types of water (tap
and different brands of bottled water) were used to prepare these
products, and no evidence was given that infections were related to
inappropriate methods for preparing and handling powdered infant
formula by the caregivers (3). Rather, some weaknesses could have
been happened in the production process (2). Salmonella infections
due to the consumption of contaminated infant formula can occur in
healthy term infants, while C sakazakii mainly occur in preterm,
unhealthy, immunocompromised infants, hospitalized in neonatal
intensive care units (4,5).

The current consolidated Reg. CE 2073/2005 (6) states for
Salmonella spp and for Cronobacter spp (Enterobacter sakazakii)
the complete absence in 30 samples of 25 and 10 g, respectively,
during the shelf-life in infant formula to be distributed.

Starting early 2000s, following an outbreak of C sakazakii
(7) increasing attention has been addressed to the safety issue of
reconstituted infant formulas, particularly focusing on products
and recipients (8). In 2007, World Health Organization (WHO) in
collaboration with the Food and Agriculture Organization of
the United Nations (FAO), published the guidelines about the
safe preparation, storage and handling of powdered infant formula.
The recommendations in this guidance document were largely
based on the quantitative risk assessment for C sakazakii and not
evidence based, establishing that the inclusion of a pathogenic
lethal step at preparation (eg, reconstitution of formula with
water �708C), and a decrease during holding and feeding time
would effectively reduce the risk. No risk assessment was carried
out for Salmonella spp, but the expert group reported that the basic
543
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TABLE 1. Microbiological results about the Salmonella spp and C sakazakii survival in powdered formula using different procedures.

Pathogen Inoculum level (log CFU/mL)

After formula mixing After Storage time

FAO/WHO
�

Alternative procedure FAO/WHO Alternative procedure

Salmonella spp. 1.2� 0.1 þ � þ � � � þ þ þ � � �
C. sakazakii 1.4� 0.2 þ � þ � � � þ þ þ � � �

When the pathogen levels were below to the detection limit (1 log CFU/mL) the presence/absence in 25 mL of formula was determined by ISO 6579-1 (11)
and ISO 22964 (12).�

Data are reported as presence (þ) or absence (�) of the pathogens in 25 mL of formula (3 replicates).
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risk control principles for C sakazakii would also hold for S
enterica (9).

In our study we monitored the time/temperature profile of
formula and the survival of Salmonella spp and C sakazakii during
the preparation of powdered infant formula following the procedure
suggested by FAO/WHO (10) and an alternative procedure.

METHODS

Formula Contamination
Three different Salmonella spp strains (Salmonella Typhi-

murium ATCC 14028, Salmonella Abortus ovis CIP 55132 from
Institut Pasteur, Paris and Salmonella Agbeni, wild strain) and one
C sakazakii strain (CIP 103183 from Institut Pasteur, Paris, France),
were used to contaminate powdered formula (commercial formula).
Before use, the individual Salmonella strains were serially diluted
and combined in equal volumes to obtain a multistrain cocktail. C
sakazakii strain was separately diluted. Sterile plastic 250 mL
bottles containing 30 g of powdered formula were separately con-
taminated with 2 mL of each pathogen suspension (to reach a final
inoculum level of about 1 to 1.5 log CFU/mL in reconstituted
formula). Another bottle containing 30 g of powdered formula was
prepared to check the time/temperature profile during the test.

Preparation Procedures

Formula was reconstituted with 200 mL (15% w/v) of hot water
from commercial plastic bottles. To simulate the procedure suggested
by FAO/WHO, water was previously brought to a boil (500 mL) and
allowed to cool at room temperature up to 708C; to evaluate an
alternative procedure, water was previously brought to a boil
(500 mL) and allowed to cool at room temperature for 10 minutes.
In both cases, at the end of the reconstitution phase the product was
mixed by stirring the bottle for 120 seconds and then it was stored at
room temperature for 2 hours (maximum storage time suggested for
reconstituted product). A positive control was prepared adding water at
room temperature (�248C) to contaminated formula, to calculate the
initial inoculum level for each pathogen. Three independent replicates
were performed for each preparation procedure.

Sampling Times and Analyses

Both pathogens were enumerated in positive control by plate
count methods in Blood Agar Base (incubated at 378C). In the other
contaminated bottles, formula samples were analyzed after the
formula mixing and after 2 hours of storage at room temperature.
Salmonella spp and C sakazakii presence/absence was observed in
25 mL of product by ISO 6579-1 (11) and ISO 22964 (12),
respectively, to evaluate their inactivation. The time/temperature
profile in all the replicates was monitored by datalogger Thermo
Button (Astori Tecnica s.n.c., Brescia, Italy).
544
Data Analyses

Bacterial counts were converted to log CFU/mL. The indi-
vidual means and standard deviations were determined as the
average result of 2 samples for 3 replicates. When the pathogens
levels were below to the detection limit (1 log CFU/mL), results
were reported as presence or absence in 25 mL.

RESULTS
The initial concentrations of Salmonella spp. and C. saka-

zakii artificially inoculated in formula were 1.2� 0.1 log CFU/mL
and 1.4� 0.2 log CFU/mL respectively. During the simulation of
the procedure suggested by FAO/WHO, the formula was prepared
using hot water at 708C. Just after formula mixing (120 seconds)
and after the storage time (2 hours at room temperature), pathogens
levels were below the detection limit (<1 log CFU/mL) but the
presence of viable cells was observed in 25 mL of product (Table 1).
Only in one replicate (replicate 2), we observed the pathogens
absence in 25 mL after the formula mixing, but results were positive
(presence in 25 mL) after the storage time of replicate (2 hours),
indicating the cells survival during the procedure of preparation.

The time/temperature profiles registered during the tests are
reported in Figure 1. The results show that the maximum tempera-
ture registered in 200 mL of reconstituted formula ranged between
60 and 57.58C during the bottles mixing (Fig. 1A).

For the pathogens inactivation with a different time/temper-
ature profile, 500 mL of boiling water was cooled at room tempera-
ture for 10 minutes and then it was added to powdered formula.
Starting from water temperature at 87� 28C (range of 85–898C),
the maximum temperature registered in formula was 768C (range of
73.5–768C) (Fig. 1B). In these conditions, no pathogens survival
was observed in formula sampled after the mixing and after the
storing time in all investigated replicates (Table 1).

DISCUSSION
The contamination of low-water activity foods (eg, formula

powder, egg powder, chocolate, peanut butter) with Salmonella is a
well-known problem. It has been observed that foodborne pathogens
may not grow in these food matrices, but they can survive for long
periods once the food is contaminated, thus representing a significant
risk even at low levels (13). Therefore, also powdered infant formula
may be intrinsically contaminated with pathogens that can cause
serious illness in infants. An even more challenging situation was
identified for C sakazakii within food factories potentially available
to young infants and households (14). For these reasons, Salmonella
spp and C sakazakii are of major concern in the infant-food industry,
because ingestion of very few (10–100 CFU/mL) Salmonella spp
cells by young children may cause severe illness, while on the other
hand C sakazakii may be at the origin severe infections such as
meningitis, bacteriemia, and necrotizing enterocolitis, particularly in
preterm, immune-compromised infants, with a death rate up to 80%
www.jpgn.org



0

10

20

30

40

50

60

70

80

0 15 30 45 60 75 90 105 120

Te
m

pe
ra

tu
re

 (°
C)

Time (minutes)

Replicate 1
Replicate 2
Replicate 3

0

10

20

30

40

50

60

70

80

0 15 30 45 60 75 90 105 120

Te
m

pe
ra

tu
re

 ( °
C)

Time (minutes)

Replicate 1
Replicate 2
Replicate 3

(a) (b)

FIGURE 1. Time/temperature profiles monitored in formula reconstituted with water at 708C (FAO/WHO) (A) and with water at 87�28C
(alternative procedure) (B). Data are reported for all tests (3 replicates).
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and an infectious dose estimated 1000 cells (15). The recent Salmo-
nellosis outbreak in France, Spain, and Greece due to the consump-
tion of contaminated formula powder highlights the need to improve
in any case the safety of these products and to provide more
information about their correct use. International guidelines, for
instance, the ESPGHAN Committee on Nutrition in 2004 (8) have
been developed to diminish the risks associated with the presence of
both Salmonella spp and C sakazakii in powdered infant formula,
while highlighting the role of good hygiene practices in the prepara-
tion of powdered formula, its safe storage, transport, and use.
Reconstitution of powdered formula for infants with hot water (no
less than 708C) has been recommended by the FAO/WHO (10) to
reduce the biological risk for Salmonella spp. and C sakazakii. This
procedure may, however, be considered not safe enough to guarantee
the product safety because Salmonella spp are reported to have an
increased heat tolerance at temperatures above 708C in foods at low
water activity achieved by drying (16) and it may be difficult to
replicate the procedure suggested by FAO/WHO in a domestic
setting.

In our study, monitoring in real time the temperature profile
during formula preparation shows that even if starting from water at
708C a rapid cooling may occur, providing non-lethal conditions for
some preexisting pathogens in the powdered formula. Accordingly,
Salmonella spp and C sakazakii may survive in reconstituted
formula and, as a consequence, cause severe illness in infants. Just
using hot water (>858C in our study) the formula reached tem-
peratures lethal to pathogens to reduce the associated biological
risks. These results are consistent with the progressive risk reduc-
tions described in the passage from water at 508C to reconstitution
at 708C (9). Accordingly, higher temperatures are needed to reduce
the biological risk within the ‘‘real-world’’ associated conditions in
which these products are prepared and used. Indeed, among parents
of formula-fed infants <12 weeks old, only 22% were reported
using water heated at �708C to dilute powdered formula (17).

In conclusion, powdered infant formula could not be sterile.
Industry and regulators play the primary critical role in minimizing
the risk of illness from consumption of reconstituted powdered
formula and ensuring that the product is safe (18). More information
are needed to improve the safety of these products to propose a
procedure able to guarantee the safety of the product by inactivating
pathogenic bacteria and be easily feasible in actual domestic
conditions. In maternity units where premature infants are looked
after, sterile liquid formulae appear to be a suitable alternative to
powder formulae to reduce the risk of formula-borne infections (8).
www.jpgn.org
Once a general agreement is reached on the optimal temperature of
reconstitution, the effects on the nutrient bio-availability should be
carefully evaluated.

Acknowledgments: The authors would like to thank Paola
Monastero, Emanuela Bonometti and Franca Rossi (Food
Microbiology Department, IZSLER, Brescia, Italy) for the
technical assistance during the tests.
REFERENCES
1. Beuchat LR, Komitopoulou E, Beckers H, et al. Low-water activity

foods: increased concern as vehicles of foodborne pathogens. J Food
Prot 2013;76:150–72.

2. EFSA and ECDC. Multi-country outbreak of Salmonella Agona infec-
tions linked to infant formula. EFSA supporting publication 2018;
EN-1365. 9. Available at: https://efsa.onlinelibrary.wiley.com/doi/
epdf/10.2903/sp.efsa.2018.EN-1365. Accessed July 17, 2018.

3. Jourdan-da Silva N, Fabre L, Robinson E, et al. Ongoing nationwide
outbreak of Salmonella Agona associated with internationally distrib-
uted infant milk products, France, December 2017. Euro Surveill 2018;
23:17–00852.

4. FAO/WHO. 2004. Enterobacter sakazakii and other microorganisms in
powdered infant formula: meeting report. Microbiological risk assess-
ment series, no. 6. Available at: http://www.fao.org/3/a-y5502e.pdf.
Accessed July 17, 2018.

5. Yan QQ, Condell O, Power K, et al. Cronobacter species (formerly
known as Enterobacter sakazakii) in powdered infant formula: a review
of our current understanding of the biology of this bacterium. J App
Microbiol 2012;113:1–15.

6. EC. Commission Regulation (EC) No. 2073/2005 of 15 November 2005
on microbiological criteria for foodstuffs. Off J 2005; L338:1-26.

7. Iversen C, Forsythe S. Risk profile of Enterobacter sakazakii, an
emergent pathogen associated with infant milk formula. Trends Food
Sci Technol 2003;14:443–54.

8. Agostoni C, Axelsson I, Goulet O, et al. Preparation and handling of
powdered infant formula: a commentary by the ESPGHAN Committee
on Nutrition. J Pediatr Gastroenterol Nutr 2004;39:320–2.

9. FAO/WHO. Enterobacter sakazakii and Salmonella in powdered infant
formula; meeting report. Microbiological Risk Assessment Series
2006:10. Available at: http://www.fao.org/3/a-a0707e.pdf. Accessed
July 17, 2018.

10. FAO/WHO. Safe preparation, storage and handling of powdered infant
formula. 2007. Available at: http://www.who.int/foodsafety/publications/
micro/pif_guidelines.pdf. Accessed July 17, 2018.

11. ISO 6579-1. Microbiology of the food Chain-Horizontal Method for
the Detection, Enumeration and serotyping of Salmonella—Part 1:
545

https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/sp.efsa.2018.EN-1365
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/sp.efsa.2018.EN-1365
http://www.fao.org/3/a-y5502e.pdf
http://www.fao.org/3/a-a0707e.pdf
http://www.who.int/foodsafety/publications/micro/pif_guidelines.pdf
http://www.who.int/foodsafety/publications/micro/pif_guidelines.pdf


Losio et al JPGN � Volume 67, Number 4, October 2018
detection of Salmonella spp. Geneva, Switzerland: International Orga-
nization for Standardization; 2017.

12. ISO 22964. Microbiology of the food Chain-Horizontal method for
the detection of Cronobacter spp. Geneva, Switzerland: International
Organization for Standardization; 2017.

13. Lian F, Zhao W, Yang RJ, et al. Survival of Salmonella enteric in skim
milk powder with different water activity and water mobility. Food
Control 2015;47:1–6.

14. Kandhai MC, Reij MW, Gorris LG, et al. Occurrence of Enterobacter
sakazakii in food production environments and households. Lancet
2004;363:39–40.
546
15. Lang E, Guyot S, Peltier C, et al. Cellular injuries in Cronobacter
sakazakii CIP 103183T and Salmonella enterica exposed to drying and
subsequent heat treatment in milk powder. Front Microbiol 2018;9:475.

16. Mattick KL, Jørgensen F, Wang P, et al. Effect of challenge tem-
perature and solute type on heat tolerance of Salmonella serovars at
low water activity. Appl Envirol Microbiol 2001;67: 4128–36.

17. Carletti C, Cattaneo A. Home preparation of powdered infant formula: is
it safe? Acta Paediatr 2008;97:1131–2.

18. Angulo FJ, Cahill SM, Wachsmuth IK, et al. Powdered infant formula as
a source of Salmonella infection in infants. Clin Infect Dis 2008;
46:268–73.
www.jpgn.org


	Title
	Section1
	Section2
	Section3
	Section4
	Section5

	Section6
	Section7
	Acknowldgment


