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1 
Executive Summary

It is recognised that powdered infant formula (PIF) is not a sterile product. Low levels of contamination by Cronobacter (and other pathogens) may occur in PIF, despite very strict measures controlling pathogens during manufacture.
Rarely are Cronobacter and other pathogen caused illnesses reported as being associated with consumption of PIF.

There is nothing intrinsic in PIF that would prevent bacterial growth if reconstituted formula is not prepared or stored correctly. Consequently, it is important that infant formula is prepared in a manner that controls pathogen growth and thereby minimises risk of illness.

PIF reconstitution guidance internationally, and even within countries, is inconsistent, especially around reconstitution temperature.
The choice of reconstitution temperature impacts on relative risk associated with subsequent handling parameters (ambient storage, refrigerated storage and feeding duration). Modelling of reconstitution of PIF demonstrated that using hot water (>70oC) showed the greatest exposure reduction for bacteria that might be present in PIF. However this advice was found to be impractical by care givers and not followed. Use of hot water may have a negative impact on nutritive value of infant formulae, presents risk of burning and, in rare circumstances, may induce germination of spores
Consumer research has demonstrated negative attitudes towards some reconstitution advice and behaviours that are inconsistent with local health/regulatory advice. Sound consumer advice on the safe reconstitution of PIF should be practical and ensure hygienic feeds for infants.

Improved information on powdered formula preparation and hygiene practices and the elimination of the apparent widespread misunderstandings and misinterpretation of current guidelines are required.

Based on available evidence, the following practical and achievable advice is suggested for the reconstitution of PIF for feeding to healthy full-term babies in the community:
· Source of water that can be used for reconstituting PIF
Drinking water sourced from the cold tap, sterilised by boiling.
Boiled water can be kept in a sterilised air tight container at room temperature for up to 24 hours. 
· Water temperature at point of mixing with PIF:
Previously boiled water, cooled to room temperature.

· Maximum duration of keeping reconstituted formula at room temperature:
PIF feed should be fed to an infant immediately after preparation. 
PIF should be kept for no more than two hours at room temperature.

· Maximum duration of storage of reconstituted formula under refrigeration
No more than four hours, in body of refrigerator (i.e. not in door shelves).
Only amount required for one feed should be re-warmed.
· When travelling
Take cooled boiled water in a sterile bottle and add measured PIF at time of feed.  An alternative option is a sterile liquid infant formula (ready to drink feeds).

When advising on a specific age for ceasing the use of boiled water for PIF reconstitution, consideration should be given to the information presented on the development of the infants gut microbiota and the factors affecting this. 
2 
Statement of Purpose
To review the microbiological safety, including Cronobacter and Salmonella spp., of the current recommendations for reconstituting powdered infant formula in the home (Ministry of Health 2008), i.e. excluding hospital care, and proposing amendments as needed.
The proposed recommendations are made for the consideration of the Ministry of Health.
3 
Pathogens and Food
On rare occasions powdered infant formula (PIF)
 has been contaminated with harmful bacteria and implicated as a source of illness in infants. In recent years, Cronobacter species
 associated with PIF has emerged as a cause of disease in infants. In 2007, the World Health Organization (WHO) issued guidelines on the safe preparation, storage and handling of PIF (WHO, 2007). These guidelines were informed by two expert consultations, jointly hosted by the Food and Agricultural Organization of the United Nations (FAO) and WHO (FAO/WHO, 2004 and 2006). These meetings were convened in response to a specific request for scientific advice on Enterobacter sakazakii and other microorganisms in powdered infant formula from the Codex Committee on Food Hygiene (CCFH), being part of the FAO/ WHO activities on the provision of scientific advice to the Codex Alimentarius Commission and to their member countries. 
3.1 The Pathogens
The microbiological hazards associated with PIF has been reviewed by the two FAO/WHO meetings of experts on the microbiological safety of powdered infant formula and reported on extensively in the literature. Based on categories of sufficient evidence of a causal association between their occurrence in PIF and illness in infants, the experts identified the principle microbiological hazards linked with PIF to be Cronobacter spp and Salmonella enterica (Table 1) (FAO/WHO, 2004) .  They examined other potential hazards associated with PIF but considered there was insufficient evidence of causality, though certain other Enterobacteriaceae were deemed plausible.

Table 1. Categorisation of microorganisms or microbial toxins of concern based on the strength of evidence of a causal association between their presence in PIF and illness in infants

	Category of organisms
	Organisms included

	Category A – clear evidence of causality
	Cronobacter spp., Salmonella enterica

	Category B – causality plausible but not demonstrated
	Pantoea agglomerans and Escherichia vulneris (both formerly known as Enterobacter agglomerans), Hafnia alvei, Klebsiella pneumonia, Citrobacter koseri, Citrobacter freundii, Klebsiella oxytoca, Enterobacter cloacae, Escherichia coli, Serratia spp., and Actinobacter spp.

	Category C – causality less plausible or not demonstrated 
	Bacillus cereus, Clostridium difficile, Clostridium perfrigens, Clostridium botulinum, Listeria monocytogenes, Staphylococcus aureus, and coagulase-negative staphylococci


Salmonella enterica is a well-documented pathogen and therefore will not be discussed in detail in this review. Cronobacter spp. is less well characterised and will thus be expanded on more fully. However the risk management options elaborated for safe feeding practices using PIF in the document attend to the risks presented by both organisms.
3.1.1 Cronobacter
The sentinel case of Cronobacter infection occurred in 1958 with the infectious agent given species status (E. sakazakii) in 1980 and redefined as the genus Cronobacter in 2008 (Urmenyi et al, 1961; Iversen et al, 2008).  Cronobacter are motile peritrichious non-spore forming bacteria belonging to the Enterobacteriaceae family. Isolates demonstrate a variable virulence phenotype. Due to the recent reclassification there is uncertainty over the specificity of Cronobacter in publications prior to 2007. All Cronobacter spp., except for C. condimenti, have been linked with human infections; C.sakazakii, C. malonaticus and C. turicensis having been most frequently isolated from neonatal infections. The species can be classified into two groups; group 1 (C.sakazakii, and C. malonaticus) and Group 2 (C. turicensis and C. universalis) with group 1 being more important from a healthcare perspective (Holy et al, 2014).
Cronobacter spp. has been shown to invade human intestinal cells, replicate in macrophages and invade the blood-brain barrier. Relatively little is known about the virulence of Cronobacter spp., there not being a suitable animal for testing (Jaradat et al, 2014). A postulated model proposes that after ingestion of the pathogens they are able to transit the stomach because of the relatively high gastric pH of infants. The bacteria are then translocated across the gastrointestinal epithelia, resulting in diarrhoea and possibly necrotising enterocolitis. In addition it contends that the organism can cross the blood-brain barrier, resulting in meningitis and abscess formation. Although the infectious dose has not been determined, it is thought to be low, at around 10-100 organisms. 
A comprehensive multilocus sequence typing (MLST) scheme for Cronobacter spp. has been developed. Applying it to strain collections isolated from PIF and milk powder production factories showed that twenty-one out of seventy-two C. sakazakii strains were in the clinically significant ST4 clonal complex (Sonbol et al, 2013). 
Cronobacter spp are widespread but infrequent in the environment, appearing to have a particular niche in dry environments. It has been reported that plant material may be the natural habitat of Cronobacter spp. (Yan et al, 2012). Dry ingredients added to milk powder may have a role in transmission of Cronobacter spp (Arku et al). 
Cronobacter spp. are resilient, surviving the time/temperature profile experienced during spray-drying of milk powder, in soil, in rumen fluid, and in inulin and lecithin (ingredients in infant formula manufacture). It is generally accepted that Cronobacter spp. do not survive the pasteurisation treatments applied during PIF manufacture with intrinisic contamination occurring probably post heat processing.
Cronobacter is resistant to desiccation over a wide range of water activity (aw) (0.25-0.86), surviving better in dried formula with aw of 0.25-0.30 than at 0.69-0.82 over a 12 month storage time. Some strains can survive, dormant in PIF for at least two years and rapidly grow on reconstitution. The bacteria appear to tolerate a broad range of pH situations (4.5-10), aiding survival under a range of acidic/basic conditions (Kent et al, 2015).
There are variations in thermotolerance between Cronobacter strains, with no single Cronobacter species more thermotolerant than others. All Cronobacter are less thermotolerant than the well described, highly thermotolerant strains of Salmonella enterica serovar Senftenberg. Cronobacter has been stated as growing in the 5.5 – 45oC temperature range and in reconstituted PIF between 60C – 45oC, with optimum growth between 370C – 43oC. Experiments in real time with artificially inoculated PIF at varying water temperatures (50, 55, 60, 65, 70oC) and cooled at different rates confirmed that C. sakazakii can survive for long periods in PIF , and is capable of proliferating after reconstitution (Huertas et al, 2015). The use of water at temperatures between 50 and 65oC for reconstitution did not provide a significant inactivation of C. sakazakii cells. Evidence was demonstrated that the microorganism can grow to potentially dangerous levels when low numbers (>102 CFU/mL) contaminate the dry product and when reconstitution is carried out at the postulated ‘safe’ temperature (70oC). An adaptive tolerance to sub-lethal heat can induce increased heat resistance. Study of the growth kinetics of C. sakazakii suggest that both non-heat-treated and heat-injured C. sakazakii cells may present a risk to infants if the pathogens are not destroyed completely by heat in reconstituted PIF and then exposed to subsequent temperature abuse (Fang et al, 2012).
Cronobacter can adhere to materials used in food preparation utensils (e.g. silicone, stainless steel and polycarbonate).

Further information is supplied in CRONOBACTER spp (E. sakazakii) datasheet
.
3.1.2 Salmonella

Information on Salmonella is supplied in the NON-TYPHOID SALMONELLAE datasheet.

3.1.3 Various organisms

In general, bacteria have similar growth rates in whey-based (most similar to human milk and suitable for first weeks of life) infant formulae compared with casein-based (usually fed to older infants) infant formula. However, in whey-based infant formulae they are more heat tolerant and had shorter lag-periods (Forsythe, 2009).
Upper growth temperatures vary within the Enterobacteriaceae, with C. sakazakii, C.  malonaticus, C. dublinensis, Ent. cloacae, and E. coli being able to grow at 44°C.
PIF may be contaminated with spore-forming bacteria like Bacillus cereus or Clostridium perfringens on infrequent occasions. Where found these spores were at very low concentrations that do not present a danger for infants (Di Pinto et al, 2013). Although Bacillus cereus spore can germinate at a wide range of temperatures, temperature of 70o C activates spores and, when temperature lowers they germinate readily at elevated rates (Stranden Løvdal et al, 2011). For C. perfringens 70oC provides optimal conditions for germination in reconstituted milk powders (McClane, 2007).
(see BACILLUS CEREUS and CLOSTRIDIUM PERFRINGENS datasheets.)
3.2 Powdered Infant Formula
The products under examination are those in powdered form, manufactured and presented specially to be used by infants as a breast milk substitute after preparation with water.

Infant formula is defined under the Australia New Zealand Food Standards Code (FSC), Standard 2.9.1, Infant Formula Products as: 
infant formula means “an infant formula product that: 

(a) is represented as a breast milk substitute for infants; and 

(b) satisfies by itself the nutritional requirements of infants aged up to 4 to 6 months”. 

In addition Standard 2.9.1 sets out composition, packaging and labelling requirements for infant formula products. 

Infant formulae come in a variety of types:

· Cow's milk formula is the most commonly used type

· Goat milk formula is an alternative to cow's milk formulae 

· Soy protein based formulae promoted for infants allergic to cow's milk

· Partially hydrolyzed formulae are marketed as having improved digestibility.

· Extensively hydrolyzed formulae are considered hypoallergenic

· Amino acid based formulae.

Manufacturers state that the composition of infant formula is designed to be roughly based on human mother's milk at approximately one to three months postpartum; however, there are significant differences in the nutrient content of these products. The most commonly used infant formulae contain purified cow's milk whey and casein as a protein source, a blend of vegetable oils as a fat source, lactose as a carbohydrate source, a vitamin-mineral mix, and other ingredients depending on the company.
A number of essential minerals are added to infant formula but are often less bioavailable than in breast milk. These include calcium, phosphate, sodium, potassium, chloride, magnesium, sulfur, copper, zinc, iodine, and iron. Iron is one of the most important components since all babies need a source of iron in their diet. Vitamins are added to increase the nutritional value of formula. These include vitamins A, B12, C, D, and E as well as thiamin, riboflavin, niacin, pyridoxine, pantothenate, and folic acid.  A variety of materials are added to ensure the formula stays homogenous; these include emulsifiers such as mono and di-glycerides as well as thickeners like natural starches and gums (e.g. carrageenan).
Powdered infant formula manufacturing is one of the most difficult, regulated and high risk branches of food manufacturing requiring care and attention to detail at all stages. There are many variations in equipment and recipes used but principally there are three main production methods for PIF:
a) Wet-mix or integral process: This is the most secure method from a microbiological perspective with all materials being handled in a liquid phase, heat-treated (e.g. pasteurised or sterilised) and dried.
b) Dry-mix process: Individual ingredients are prepared, heat-treated as appropriate, dried and then dry-blended. It is accepted best practice in food manufacturing that all materials received on site are heat treated.
c) Combined process: To produce a base powder some of the ingredients are processed according to a), to which the rest of the ingredients are added according to b).
There are benefits associated with all methods from a product quality point of view, i.e. dry blending allows some of the highly oxidative minerals to be added at the dry blend stage, potentially increasing the shelf life of the product and enhancing the flavour profile while at the same time giving economies of base powder manufacturing. These products are to be distinguished from ready-to-feed liquid formulae that have been commercially sterilised.
As for most dehydrated products, it is not possible using current technology to produce powdered formulae completely devoid of low levels of microorganisms, i.e. the products cannot be sterilised. The principal routes by which Cronobacter sp. and Salmonella can enter PIF are:

· Through the ingredients added in dry mixing operations during manufacture

· Through contamination from the processing environment in the steps during or following the drying

· Through contamination after the package is opened

· Through contamination, during or after reconstitution, by the caregiver, prior to feeding.
Thus, their microbiological safety requires strict adherence to good hygienic practices during both manufacture and use. It is critical that a robust supplier risk assessment and audit system is in place. For manufacturing security all Critical Control Points must be identified.
3.2.1 Microbiological quality of powdered infant formula

The microbiological standards applied to PIF in New Zealand are detailed in Standard 1.6.1(2015) of the Food Standards Code. Powdered infant formula must comply with the limits outlined in Table 2; Cronobacter sp is not included in 1.6.1 presently.
Table 2. Microbiological limits for PIF as detailed in Standard 1.6.1
	Microorganism
	n
	c
	m
	M

	Bacillus cereus
	5
	0
	102

	10/g

	Coagulase-positive staphylococci
	5
	1
	Not detected in 1g
	10/g

	Coliforms
	5
	2
	<3/g 
	10/g

	Salmonella
	10
	0
	Not detected in 25 g
	

	Standard plate count 
	5
	2
	103/g
	104g


n acceptable microbiological level in a sample unit
c maximum number of defective sample units

m maximum allowable number of defective sample units

M when exceeded in one or more samples would cause a lot to be rejected
The New Zealand Criteria for Dairy Processing (DPC 1, 2011) applies the following limit to product designated as infant formula, human milk fortifiers or formula for special medical purposes intended for infants when intended as the sole source of nutrition.
	E. sakazakii 
(Cronobacter spp.) 
	Not detected /300g 
	Composite of samples collected throughout the production run as defined by the manufacturer’s Risk Management Plan. 
Acceptable composite procedures would include continuous sampling or 30 x 10 g. In situations where the history of the product is known, alternative sampling criteria may be acceptable. 


New Zealand exception reports, which contain details of non-compliance and/or product non-conformance with existing requirements, since 2010 are:
	2010
	2011
	2012
	2013
	2014

	8
	4
	14
	12
	6


The very low number of events indicates a high level of control during production; in each case the affected material or product was withdrawn and not released by the manufacturer. 

Microbiological criteria for PIF have been adopted by Codex in the Code of Hygienic Practice for Powdered Formulae for Infants and Young Children (CAC/RCP 66 – 2008), (Table 3). The criteria for pathogenic organisms are to be applied to finished product (powder form) after primary packaging or until the container is opened.
Table 3. Codex criteria for pathogenic microbiological organisms in powdered infant formula 

	Microorganisms
	n
	c
	m
	Class Plan

	Cronobacter sp*
	30
	0
	0/10 g
	2

	Salmonella**
	60
	0
	0/25 g
	2


Where n = number of samples that must conform to the criteria: c = maximum allowable number of defective sample units. m = microbiological limit which separates good quality from defective quality.

* The mean concentration detected is 1 colony forming unit (cfu) in 340g (if the standard deviation is 0.8 and probability of detection is 95%) or 1 cfu in 100g (if the standard deviation is 0.5 and probability of detection is 99%)

** The mean concentration detected is 1 cfu in 526g (if the standard deviation is 0.8 and probability of detection is 95%).
Several studies, including three involving Australia and one in New Zealand, have examined the microbiological quality of powdered infant formula, (Table 4). This is not inclusive of all published studies, others not being clear if the, powdered formula they examined was PIF. Nor does it report findings from human case/outbreak investigations. 
 

Table 4. International studies of microbiological quality of powdered infant formula
	Year
	Country
	Organisms
	Samples tested (n)
	Positive samples (n) (%)
	Level
(cfu/100g)
	Reference

	2013
	Nigeria
	Cronobacter spp
	154
	3 (2%)
	
	Rashidat et al 2013

	2010
	Australia

(SA)
	B. cereus

Staphylococcus

Coliforms

Salmonella

SPC
	20
	0

0

0

0

0
	
	Thompson 2010

	2010
	Bangladesh
	Cronobacter spp
	32
	1 (3%)
	
	Hoque et al 2010

	2009-10
	Australia

(NSW)
	Salmonella spp
C. sakazakii

Enterobacteriaceae
	57
	0

0

2 (3.5%)
	<0.3
	NSWFA 2011

	2009
	New Zealand
	C. sakazakii
	34
	0
	
	NZFSA 2009

	2006 
	Brazil
	E. sakazakii

Enterobacteriaceae
	186
	1 (0.5%)

1 
	0.3

5
	Palcich et al

2009

	2006
	Ireland
	E. sakazakii

Salmonella
	719
	0

0
	
	FSAI 2007

	2005
	Korea
	Cronobacter spp. Enterobacteriaceae
	75


	4 (5%)
14
	0.36 – 23
	Kim, 2011

	Unknown
	Jordan
	E. sakazakii
	8
	2 (25%)
	
	Shaker et al 2007

	Unknown
	Indonesia
	Salmonella

Shigella

Enterobacteriaceae E. sakazakii
	74
	0

0

35 

10 (13.5%)
	
	Estuningsih et al 2006

	2003
	UK
	APC

Enterobacteriaceae
E. sakazakii Salmonella
	82
	2

9 

2 (2.4%)

0
	>104
	Iversen & Forsythe  2004

	2002
	USA
	E. sakazakii
	22
	5 (22.7%)
	0.36
	Zink 2003

	Unknown
	UK
	B. cereus
	100
	38 (38%)
	
	Rowan & Anderson 1998

	Unknown 
	Canada
	E. sakazakii
	120
	8 (6.7%)
	0.36
	Nazarowec-White & Farber 1997

	Unknown
	The Netherlands

(samples from 35 countries)
	Enterobacteriaceae
E. sakazakii Salmonella
	141
	74 

20 (14.2%)

0
	0.36 – 66
	Muytjens et al 1988


Not all studies reported proportions of positive findings or levels detected. In studies where concentrations were reported, Cronobacter spp was detected (7/13) at levels from 0.36 – 66 cfu/ 100g and Salmonella spp was not found in any of the formula examined (0/6). 
In recent years PIF manufacturers have implemented strategies to control Salmonella and Cronobacter which may explain the absence of these pathogens in the New Zealand and New South Wales surveys compared with earlier surveys.
The results of an industry survey of dry-mix ingredients published in the WHO/FAO 2004 expert consultation are shown in Table 5.
Table 5. Presence of Enterobacteriaceae and E. sakazakii in ingredients used in dry mixing operations (all types of powdered formulae).

	Ingredient
	n (10g)
	Coliform or Enterobacteriaceae positives
	E. sakazakii positives

	Vitamins
	793
	8
	0

	Skimmed milk powder
	835
	1
	1

	Dem, whey powder
	23
	3
	0

	Sucrose
	1691
	28
	0

	Lactose
	2219
	70
	2

	Banana powder/flakes
	106
	3
	1

	Orange powder/flakes
	61
	1
	1

	Lecithin
	136
	1
	1

	Starch
	1389
	155
	40


3.3 Vitamins

Infant formula may be the sole source of nutrition for formula-fed infants from birth until the introduction of solids at around six months of age. Hot water can destroy some of the nutrients in infant formula.
MacDonald et al (2011) conducted a systematic review to evaluate the impact of heating milk to 720C for 15 seconds (pasteurisation) on vitamins present in raw milk. Forty different studies were included in the evaluation and investigated the effect of pasteurisation on the following: vitamins A, thiamin , riboflavin , pyridoxine , B12, C, E, and folate. No significant effect of pasteurisation was found on the concentration of thiamin or pyridoxine in milk, yet concentrations of riboflavin, folate and vitamin C were significantly lower. Due to significant variability in the studies measuring vitamin A, E and B12, no quantification of effect could be measured, however it was noted that vitamin A concentrations were higher upon heating. The effect of pasteurisation on liquid milk's nutritive value was considered minimal because many of these vitamins are naturally found in relatively low levels. However, milk is an important dietary source of riboflavin, and the impact of heat treatment should be further considered. 
Baez et al. (2012) evaluated the effect of storage temperature and time on the chemical change of the main micro- and macro-components of a powdered milk formula. Results showed that prevalent reactions are non-enzymatic browning, followed by lipid oxidation, loss of vitamin A and C and protein solubility.
A MPI assessment considered the effect of pasteurisation on the vitamin content of liquid milk to be very low from a nutritive point of view (MPI, 2013).
3.4 Water
Powdered infant formula is devised for reconstitution with water.

A danger with any water supply is that human or animal excrement can contaminate the water, passing on illness-causing micro-organisms to those who consume it. Analysis of water for all possible pathogens would be prohibitively expensive so an "indicator' test is used. The Drinking Water Standards for New Zealand use Escherichia coli (E. coli) as the bacterial indicator, with a Maximum Acceptable Value (MAV) of less than 1 per 100 mL.  Though E coli, a common gut bacteria living in and excreted by humans and warm-blooded animals, doesn't usually cause illness (there are some serious exceptions), its presence in drinking-water indicates that the water has been subjected to recent faecal contamination.
In 2014 over 84% of the estimated New Zealand population (4,421,000 persons) were served by registered networked drinking-water supplies providing more than 100 people. Seventy nine percent of these people received drinking-water from water supplies fully compliant with the DWSNZ Standards during the current reporting period (1 July 2013 to 30 June 2014),(Ministry of Health, 2015) (Table 6).
Table 6. Achievement of DWSNZ for all registered networked drinking-water supplies serving more than 100 people
	Achievement
	Population
	Percentage
	Zones

	Bacteriological achievement
	3,723,000
	97.2%
	523

	Protozoal achievement
	3,093,000
	80.8%
	258

	Chemical achievement
	3,728,000
	97.4%
	623

	Overall achievement
	3,023,000
	79.0%
	230


3,829,000 people in 659 zones
Drinking-water supplies serving less than 25 persons for 60 days of the year, e.g. household supplies, do not fall under the Health Act 1956. These premises must comply with the Building Act 2004 in regards to their drinking-water. This legislation requires that household supplies have a ‘potable’ water supply that is microbiologically and chemically safe. 

More than 10% of the population depends on roof-collected rainwater systems for their drinking-water (Abbott, SE et al, 2013). Two surveys of roof-collected rainwater from private dwellings found that at least half exceeded the DWSNZ MAV for E.coli; 30% of the samples were heavily contaminated by faecal bacteria, thus being unsuitable for use to reconstitute PIF unless appropriately treated (Simmons G et al, 2001; Abbott SE et al., 2006). 
4 
Evaluation of Adverse Health Effects
4.1 Cronobacter spp.
4.1.1 Disease characteristics

Invasive Cronobacter infection was first reported in 1961 from a case of neonatal meningitis.
Cronobacter spp. are considered emerging opportunistic pathogens and have been identified as aetiological agents of bacteraemia, necrotizing enterocolitis, and neonatal meningitis. Neonatal case fatality rates as high as 80% have been reported (Lai, 2001). The majority of Cronobacter infections are identified in the adult population. Under-reporting probably occurs.
Infections from Cronobacter have been documented as both sporadic cases and outbreaks (Lai, 2001). While the incidence of these infections in infants appears to be low, the consequences can be severe. The primary manifestations of Cronobacter infection in infants, i.e., meningitis and bacteraemia, tend to vary with age; meningitis tending to develop in infants during the neonatal period (<28 days), while bacteraemia developing in premature infants outside of the neonatal period with most cases occurring in infants less <2 months of age.
The FAO/WHO expert meetings identified all infants (<12 months of age) as the population at particular risk of Cronobacter infections. Among this group, those at greatest risk are neonates (particularly pre-term, low-birthweight (<2500 g), immunocompromised infants, and those <2 months of age. A mortality rate of 26.9% has been reported in 67 microbiologically confirmed cases of invasive neonatal Cronobacter infection. 
4.1.2 International surveillance

During 2003-2009, 544 cases (all ages) of Cronobacter infection were identified from six U.S.FoodNet states. Of these patients, 198 (37%) were >70 years and 22 (4%) were <1 year of age. In a substantial proportion of the infections, the organism was isolated from the urinary tract. The highest rate of invasive infections occurred among infants (6/22, 27%) and children 1 – 4 years of age (5/23, 22%). The overall incidence rate was 0.66 cases per 10,000 population with the highest rates among persons ≥ 80 years (3.93/10,000) followed by 70-79 years (2.11) and infants (1.81); rates of invasive infection were 0.07 cases per 10,000 population, being highest among infants (0.49) and those ≥ 80 years (0.33) ( Patrick et al, 2014).
According to British Food Standards Agency (FSA), between 1992–2012 in England and Wales, there were 16 reports of isolation of Cronobacter from blood or CSF from infants aged <1 month and 20 from infants aged 1-11 months (mortality not cited). 

Jason (Jason, 2012) has analysed reports from 1958-2010 of invasive paediatric Cronobacter infection occurring worldwide in children without underlying disorders, to examine if the frequency, place of occurrence, or characteristics changed, after warnings were disseminated to health care professionals (Table 7). 
Table 7 Characteristics of all reported infants without underlying disorders, invasively infected with Cronobacter , by time period
	Characteristic
	1958-2003
	2004-2010
	Total
	p

	<1 month old at onset of symptoms
	53/66 (80%)
	27/30 (90%)
	80/96 (83%)
	NS

	Premature
	48/63 (76%)
	12/29 (40%)
	60/92 (65%)
	

	Term
	15/63 (24%)
	17/29 (50%)
	32/92 (35%)
	0.002

	BW<2500 g
	44/55 (80%)
	10/24 (42%)
	54/79 (68%)
	

	BW≥2500 g
	11/55 (20%)
	14/24 (58%)
	25/79 (32%)
	0.001

	Premature, BW<2500g
	42/54 (78%)
	 8/24 (33%)
	50/78 (64%)
	

	Term, BW≥2500 g
	6/54 (11%)
	14/24 (58%)
	20/78 (26%)
	<0.0001

	Other
	6/54 (11%)
	 2/24 (8%)
	 8/78 (10%)
	

	Place of symptom onset

   Hospital

   Home
	48/61 (79%)

13/61 (21%)
	14/29 (48%)

15/29 (52%)
	62/90 (69%)

28/90 (31%)
	0.007

	Diagnoses

   Meningitis

   Bacteraemia

   Necrotising enterocolitis

   Urinary Tract Infection
	38/68 (56%)

21/68 (31%)

22/68 (32%)

 1/68 (2%)
	21/30 (73%)

14/30 (47%)

 1/30 (3%)

 0/30 (0%)
	60/98 (61%)

35/98 (36%)

23/98 (23%)

 1/98 (1%)
	NS

NS

0.001

NS


The total number of records was 98 (68 for 1958-2003 and 30 for the 2004-2010 period); particular characteristics were not available for all. The data span a wide time period, during which clinical care, infant-feeding practices and formula processing have changed. Disease surveillance has improved also.
Ninety percent of invasively infected infants had received a powdered product (i.e. PIF or human milk fortifier) where nutritional information was present (absent for 19% of cases, 1958-2003); 99% were < 3 months old; the majority of 2004-2010 cases occurred in term infants at home.
4.1.3 New Zealand surveillance
There have been three reported cases of Cronobacter infection in New Zealand infants, further details are provided below.
4.1.3.1 Clusters
There have been two clusters (three cases) of neonatal Cronobacter (E Sakazakii) infections, both located in maternity/neonatal units reported in New Zealand.
	Year
	Location
	Numbers
	Comment

	1991
	Auckland.
	2 (twins)
	Thought to be PIF associated

	2004
	Hamilton
	1 (fatal, meningitis)

4 neonates colonised
	PIF identified as source


4.1.3.2 Cases

Since mid-2005 Cronobacter spp. (formerly E. sakazakii) invasive disease has been statutorily notifiable in New Zealand. Up until the end of 2014 five cases have been notified. All cases were adult.
	Year
	Age (yrs)
	Sex

	2005
	70+
	Male

	2010
	50-59

70+
	Female

Male

	2012
	70+
	Female

	2013
	30-39
	Male


4.2 Salmonella
Salmonella is a long-standing foodborne human pathogen. The incidence of salmonellosis among infants, originating from various sources, was reported to be more than eight times greater than the incidence across all ages in the United States of America (CDC, 2004). Infants are also more likely to experience severe illness or death from salmonellosis, and infants with immune-compromising conditions are particularly vulnerable. It is unclear whether the increased incidence of salmonellosis among infants results from greater susceptibility, or whether infants are more likely than persons in other age groups to seek medical care or have stool cultures performed for diarrhoeal symptoms. Higher rates of salmonellosis in infants may also be due to their exposure to contaminated surfaces such as floors.
At least six reported outbreaks of salmonellosis, involving approximately 287 infants, associated with PIF were reported internationally between 1985 and 2005 (Cahill et al, 2008). Most of these outbreaks involved unusual Salmonella serotypes, which likely aided their recognition. It is recognised that outbreaks and sporadic cases of salmonellosis due to PIF are likely to be under-reported. 

In New Zealand there are no records of outbreaks of salmonellosis linked to infant formula.
5 
Evaluation of Risk
5.1 Industry
Routes by which Cronobacter spp. and Salmonella can enter PIF are:

1. through the ingredients added in dry mixing operations

2. through contamination of the formula from the processing environment during or following drying

3. through contamination of the PIF during or after the package is opened

4. through contamination during or after reconstitution by the caregiver.

Because it is not possible to produce sterile PIF, the commitment of manufacturers is needed to ensure the highest level of hygiene. Control measures are concentrated on:
· avoidance of entry of pathogens in the manufacturing environment

· avoidance of multiplication of pathogens in case of entry

· hygienic design of equipment and high hygiene zones

· use of dry-mixed ingredients that are free of pathogens 

Guidance covering the production, preparation, and use of products available in powdered form exists in the Code of Hygienic Practice for Powdered Formula for Infants and Young Children developed by the Codex Alimentarius Commission. National competent authorities have the responsibility for ensuring that industry takes the necessary measures and meets national microbiological criteria for PIF. 

5.2 Reconstitution

5.2.1 Source of water

Very young children are considered as sensitive to microbial contaminants in drinking water.   New Zealand’s Drinking Water Standards are designed to protect both adults and children. The Standards take into account the potential effects of contaminants on segments of the population at greatest risk. An estimated 18% of the population may receive water in their homes whose compliance standing with the DWSNZ microbiological standards is not known Ministry of Health, 2015). Bore, spring and tank water may be suitable but extra care needs to be taken when using them for this purpose.
Given the possibility of microbiological contaminants in water, drinking water from the cold tap should be sterilised by boiling for PIF reconstitution. This cooled boiled water should be used to prepare PIF.  Boiled water can be stored in a sterile container at room temperature for up to 24 hours. Food Standards Australia New Zealand states that plain bottled water (but not natural or sparkling mineral water or soda water) may be used to prepare infant formulae. The water should be boiled and cooled according to the recommendations on the product label (FSANZ, 2011).
5.2.2 Applying the FAO/WHO risk assessment model

The UK Food Standards Agency has used the risk assessment model for Cronobacter in PIF developed by FAO and the WHO (http://www.fstools.org/esak/ ) as part of their work to inform the revision of the Codex Code of Hygienic Practice for PIF (Advisory Committee on Microbiological Safety of Food, 2013). A number of data assumptions were made in developing the model. There are now further data in the peer review literature which impact on the conclusion to be drawn. 
The risk assessment addresses PIF that is intrinsically contaminated with Cronobacter and considers the impact of preparation, storage and feeding of reconstituted PIF to infants. Risks associated with potential contamination of PIF from environmental sources after packaging are not considered. The model describes the effect that each of the preparation and storage stages has upon the intrinsic microbiological quality of the PIF in terms of Cronobacter. While the model is described as estimating relative risk to enable comparisons of preparation and feeding scenarios against defined baselines, it should be noted that the output is exposure reduction rather than risk reduction. Exposure and risk are positively correlated but the increments for risk may be smaller. This may reduce the utility of comparisons of exposure for assessing risk between scenarios. Using a risk ratio approach generates greater uncertainty as there is uncertainty in both the numerator and denominator. This makes the output difficult to interpret except at very low and high temperatures.
The FSA has used the model to explore the impact of several key scenarios with regard to preparation, storage and feeding of PIF. The mean log concentration was the default value set by the model as the focus was on preparation and handling scenarios. The outputs are expressed as relative risk reduction compared to the selected baseline scenario which is set at 1.0. The outputs provide a comparison across the range of water temperatures used for reconstitution of PIF and all risk reductions are relative to a baseline preparation of 50oC. The scenarios explored in the work were reconstitution temperatures between 70oC and 20oC, storage of reconstituted PIF at ambient temperature for between one and 16 hours, storage of reconstituted PIF in a refrigerator for between six and 48 hours and feeding duration of between two and 12 hours at an ambient temperature. In all the scenarios cooling/rewarming to feeding temperature was deemed to be done quickly.
5.2.2.1 Reconstitution temperatures 
The temperatures used for mixing the powder were 70oC, 60oC, 50oC, 40oC and 20oC. This covers the range most likely to be used for reconstitution of PIF and includes the WHO recommended temperature (70oC), temperatures perceived as presenting a higher risk (40oC and 50oC) and a temperature close to ambient which may be favoured for preparation by some caregivers from a practical point of view (20oC). It is recognised that there are situations where the ambient temperature may be higher than 20oC. 
Applying the model to assess the impact of reconstitution temperature with no ambient storage, rapid cooling to feeding temperature and feeding within two hours, the relative risk reduction compared to that using water at 50oC (1.00) was  +1.46 (20oC and 40oC), +5.72 (60oC) and + >105 (70oC). The bactericidal effect of water at 70oC results in a much greater risk reduction relative to the baseline than the other temperatures examined. 
Preparation of PIF at temperatures of 70oC or above is effective in reducing bacterial contamination in PIF. Osali et al have shown that reconstitution of PIF with water at ≥70oC would result in a 4-6 log reduction in Cronobacter  (Osaili et al, 2009). Huertas et al demonstrated that while reconstitution of PIF at 700C reduced Cronobacter sakazakii levels to below the detection limit, survivors were able to proliferate and reach high levels when the reconstituted product was stored for 24 hours at room temperature (Huertas et al, 2015).  
The time taken for boiled water to cool to a temperature suitable for reconstituting feed depends on a range of variables – temperature of the room, volume of water, surface area of water exposed to air, shape of the container, thickness/material/insulation of the container, with the rate of cooling following Newton’s law of cooling (Wagon S, 2005.). Reconstitution using water which had been boiled and left for 30 minutes has been shown to result in temperatures ranging from 46 to 74°C depending on the volume of water boiled.  This resulted in different degrees of lethality to bacteria. Boiling 1000ml of water gave temperatures on average >70°C after 30 minutes. If 250 ml of water is boiled and left to cool for 30 minutes it will on average be around 50ºC, which is too cool to kill pathogens. Using various scenarios from the model, reconstitution of PIF with water at a temperature >60°C (and in particular >70°C) was predicted to reduce the overall number of Cronobacter spp., Salmonella, other Enterobacteriaceae and Acinetobacter spp. The extent of bacterial kill was dependent upon the bacterial strain, type of formula, and scenario (Forsythe, 2009). Use of high temperatures for reconstituting formula may induce spore germination; the vegetative cells can proliferate and produce toxins (Di Pinto et al, 2013).
There is a possible although unquantified, benefit of hot water reducing microbiological contamination arising from preparation in the kitchen.
There is the risk of scalds in households (especially to children) due to handling within households of boiling hot water several times per day for many months. According to Erdmann et al (1991) scalds are the leading cause of hospitalisations for burns among children under five years of age. Most scalds are from hot water especially from hot beverages and hot tap water, but they can also be caused by steam. For children under five years, scalds from hot drinks and beverages are the leading cause of injury (33%). Other significant causes of young children being scalded are hot tap water (18%) and jugs/kettles (16%) (Drago, DA, 2005). No literature examining burns/scalds associated with consumption of reconstituted PIF was identified though several related to using microwaves for reconstitution/reheating were found (Burns RA. 1992). In the period 2009 to 2013 almost 1000 children aged 0-4 years were admitted to New Zealand Public Hospitals with burns due to hot objects / substances. Three of these were children <1 year old with burns of the mouth /pharynx where consumption of hot milk/formula was recorded, but no further information was available (Injury Prevention Unit, Otago University, NZ, personal communication)).
5.2.2.2 Ambient storage

The impact of ambient (20oC) storage of reconstituted formula was examined at 1, 2, 4, 8 and 16 hours. When made up formula is taken outside the home, the majority of parents (61%) do not keep it chilled. For this scenario the same reconstitution temperatures were used apart from varying the ambient storage duration at 20oC. The greatest risk reduction for all storage times examined relative to a baseline of 50oC with one hour storage was + >105 (70oC storage for 2 hours). Other reconstitution temperature/storage time conditions resulted in decreased risk, +43.67 (20oC storage for 1 hour), to a significantly increased risk, -4.37 x 104 (40-60oC, storage for 16 hours).
5.2.2.3 Refrigerated storage
The impact of refrigerated storage at 6oC for 6, 12, 24 and 48 hours was examined. This is likely to be a relatively common practice particularly where multiple feeds are made up at once. It should be noted that 6oC is approximately the lowest temperature permitting growth of Cronobacter  The greatest risk reduction for all storage times examined, relative to the 50oC with 6 hours storage at 6oC baseline was + >105 (70oC, 6-48 hours storage) treatment. Most other reconstitution temperature/storage time conditions resulted in decreased exposure, +14.76 to +43.20 (20oC, 6-48 hours storage) to a slightly increased risk, -0.3 to -0.67 (50oC, 24-48 hours storage). Kandhai et al. looked at the temperature conditions occurring during cooling of reconstituted PIF and found that heat transfer coefficients were highly variable depending on volume of formula being cooled and that this could be reduced by limiting the volume to portion size only (Kandai et al, 2009). Huertas et al demonstrated that cooling rate had an important influence on survival and subsequent growth of C. sakazakii in PIF which makes it advisable to avoid rapid chilling to reach an optimum temperature for infant feeding (Huertas, 2015).
5.2.2.4 Feeding duration
Feeding duration of 2, 4, 6, 8 and 12 hours at an ambient temperature of 20oC were examined. The greatest risk reduction relative to the baseline, 50oC with 2 hours feeding time, was + >105 fold (70oC, for all feeding times examined). Prolonged feeding periods in excess of 2 hours tended to increase exposure relative to the baseline scenario particularly if there was a very long duration of feeding (>6 hours).
5.3 Consumer practices
Cronobacter has been isolated from a wide range of foods. In a study of domestic kitchens, the bacteria were recovered from 27% of premises (Kilonzo-Nthenge et al, 2012).
A 2010 FSA investigation into the attitudes and behaviours of UK consumers and caregivers in the preparation, handling and storage of PIF inside and outside the home reported in 2013 (Redmond and Griffiths, 2013). The key findings were:
· Parents reported and demonstrated use of a variety of methods for preparation, handling and storage of PIF inside and outside the home. Although all feeds were observed to be prepared with boiled water, many reported methods /practices were not in accordance with current guidance (post WHO/FAO 2007 guidance) provided by the UK Department of Health and FSA.

· All parents expressed positive attitudes towards preparation of safe PIF for their infant(s). However, negative attitudes towards some practices and methods required to achieve this were identified which could contribute to non-compliance and have implications for microbiological safety. 

· Reconstitution of PIF in advance of feeding was found to be common practice inside and outside of the home (35-40% parents). 

· Forty three percent of parents reported they were more careful with how they prepared their infants’ feeds when they first started preparing PIF. 

· Many parents reported awareness of the current recommendations to prepare one feed at a time for immediate feeding. Almost all considered this was difficult and impractical to implement. In addition, there was a widespread lack of understanding why preparation of individual feeds is now recommended, while in the past making feeds up in advance was considered acceptable, more practical to implement and perceived to be non-problematic. 

· The majority of parents considered judgement of cooled, boiled water temperature >70oC to be difficult. Cooling boiled water for longer than 30 minutes was frequently reported, observed in the model kitchen and during time-temperature studies. Many parents believed the recommendation was intended to prevent scalding infants from feeding formula that was  too hot as opposed to reasons for PIF safety. 

· A common practice reported and observed for preparation of PIF feeds involved preparation of boiled tap water in cleaned and sterilised/disinfected bottles (being stored at refrigerated or room temperatures) with addition of powdered formula when ready for immediate feeding. The majority of parents reported they believed that implementation of this practice was following guidelines by making ‘one feed at a time’ and similarly this practice was reportedly advocated by many community midwives and health visitors and day nursery staff. However, use of this method means that powdered formula is mixed with water <70oC before feeding, which is contrary to recommendations. 

· The most commonly observed cleaning malpractices included failure to rinse all bottles and components after washing in hot water and detergent. In addition, almost all parents (90%) failed to clean the inside and outside of the screwcap, outside of teats and around the outer rim of the feeding bottle. The screwcap and outer rim threads are key bottle locations known to harbour food residues and micro-organisms if inadequately cleaned. Failure to follow all manufacturer’s instructions for disinfection/sterilisation of equipment was common, particularly failing to load the disinfection/steriliser unit according to instructions and failure to allow for ‘cooling time’ after completion of disinfection/sterilisation cycles and before removal of items from units. The majority of participants did not wash and dry their hands adequately at key PIF preparation steps. Handling of bottle components after disinfection/sterilisation, which could lead to cross contamination, was carried out by a large number of parents.
Among parents of formula-fed infants younger <12 weeks of age, only 22% seemed to use water heated to 70oC to dilute powdered milk (Caletti et al, 2008).
5.3.1 Hygiene 

Microbial contamination and organic soiling in feeding bottles both before and after cleaning has been reported; Enterobaceriaceae were isolated from 15% (11/75) before cleaning bottles but in none of the ready to use ones. Disinfection methods for the decontamination of infant feeding bottles have been shown to be effective if there is adherence to recommended procedures combined with good hygiene.
Many mothers do not follow safe practices when preparing infant formula. In a US study, the majority of formula-feeding mothers did not receive instruction on formula preparation (77%) or storage (73%) from a health professional. Thirty percent did not read some of the safe-use directions on the formula package label; an approximately equal percentage (38%) thought that both powdered (which is not sterile) and ready-to-feed (which is sterile) formula were unlikely to contain germs; and 85% believed that following safe-storage directions was very important. Among the mothers of the youngest infants analyzed, 55% did not always wash their hands with soap before preparing infant formula, 32% did not adequately wash  teats  between uses, 35% heated formula bottles in a microwave oven, and 6% did not always discard formula left standing for >2 hours. The prevalence of these unsafe practices was similar among mothers of older infants (Labiner-Wolfe et al, 2008).
A 2008 New Zealand qualitative study into information sources and practices of preparation of PIF found a high level of self-reported compliance with information on preparation of formula. In most cases deviations were driven by cost considerations, pragmatism, or a progressively relaxed attitude with increased age of the infant (Winstanley and Cressey, 2008).
5.3.2 Refrigeration
A survey of 127 domestic refrigerators in urban and rural locations in New Zealand was carried out during 2004‐2005. The overall mean temperature was 5.2 °C (standard deviation 2.5 °C). A significant proportion (34%) had a mean temperature >6 °C, while 55 per cent had a mean temperature of >5 °C. In August 2010, 158 New Zealand households measured the temperature of their refrigerator. Only a quarter of fridges were operating in the ideal range of 2 – 4°C (25%); over a third (36%) recorded temperatures of > 6°C (Gilbert et al, 2007) A refrigerator with an air temperature ≥6oC could permit growth of Cronobacter, albeit slowly.
5.3.3 Storage and feeding time

From a risk based perspective the most important scenario for growth of Cronobacter is prolonged non-refrigerated storage of feeds after reconstitution with water at ambient temperature.
Time-temperature profiling of reconstituted PIF showed that feeds were stored for 2 - >24 hours. Parents used variable storage practices, including ambient temperature for <21 hours, ambient temperature (>11 hours) followed by refrigeration (>24 hours), and in cool/ normal bags with and without cool packs for inconstant lengths of time. Only15% of feeds were reconstituted with boiled water cooled for < 30 minutes; on average, feeds were reconstituted with boiled water cooled for 52 minutes. Storage of re-constituted feeds in a cool bag with freezer packs allowed a temperature of <5oC to be maintained for up to eight hours.  Away from the home made-up feeds were stored in bags without insulation or freezer packs up to 8.5 hours before feeding. The reported feeding duration was <15 minutes for 75% of feeds with a maximum feeding time of 45 minutes.

5.3.4 Infant age to cease boiling of water for PIF reconstitution
Advice on the age at which boiling of water to be used for PIF reconstitution may be discontinued varies among national and professional bodies (between three and six months of age). While this specific issue does not seem to have been examined in targeted research, many studies have illustrated the complexity of gut microbiota composition and the effect played by several endogenous and exogenous factors on it. Type of feeding in the first months of life appears as one of the most important determinants of child and adult well-being, and its protective action seems to rely mainly on its ability to adjust intestinal microflora composition in early life (Guaraldi et al, 2012). After birth, colonisation of the infant by microbiota continues through contact with the environment and method of feeding (Azad et al, 2013).
Dogra et al found that the relatively simple microbiota of young infants shifts predictably to a more mature anaerobic microbiota during infancy and the dynamics of this shift are influenced by environmental factors. They demonstrated high inter-individual variability within the normal range of birth outcomes, especially in the rate of microbiota progression. Most had acquired a microbiota profile high in Bifidobacterium and Collinsella by six months of age, but the time point of this acquisition was later in infants delivered by caesarean section and those born after a shorter duration of gestation. Independently of the delivery mode and gestation duration, infants who acquired a profile high in Bifidobacterium and Collinsella at a later age had lower adiposity at 18 months of age (Dogra et al, 2015).
6 
Availability of Control Measures

Microbiological and other data show that pathogens are constantly being shed or spread from human, animal, food and water sources in the home and everyday life settings, and are transmitted via the hands and via environmental sites and surfaces etc. such that people become exposed and infected. It is accepted that reducing the infection risk is not achieved by trying to eliminate infectious agents from our environment. The optimum approach is to focus on breaking the chain of infection transmission by intervening at “critical points” in the chain. This maximises protection against infection exposure.
Prevention efforts as regards PIF need to be multi-faceted, directed at manufacturers, health-care providers, day care centres as well as infant caregivers in home settings, and take into consideration the risk to infants both within and beyond the neonatal period. Product labelling, consumer education programs and staff training at hospitals should be updated as appropriate to provide adequate information to caregivers on the safe use of the product and to provide caution regarding the health hazards of inappropriate preparation and handling of PIF.
6.1 Existing guidance on powdered infant formula reconstitution
To reduce the biologic risk, the World Health Organization/ Food and Agricultural Organization have published guidance for the public. WHO states that their guidelines are a generic document that will provide guidance and support for countries and governments and when adapted at the country level, conditions (i.e. climatic and socioeconomic differences, etc.) within the country should be reflected (WHO, 2007). 

They advocate following three main interventions:

1. to dilute the PIF in water at a temperature of at least 70oC to inactivate Cronobacter
2. to consume formula immediately after each preparation

3. to store reconstituted PIF at <5oC.
Of the three WHO recommendations, the first is the most controversial (Agostini et al, 2004; Davanzo et al, 2010).

Guidance on safe handling of powdered formula has been disseminated by national authorities and various professional and consumer bodies. There is a paucity of evidence cited by the issuers, in support of the guidance.The advice for parents and caregivers on the reconstitution of PIF contains recommendations on four key areas: 
· Types of water that can be used

· Water temperature at point of mixing with powder

· Maximum duration of holding prepared formula feed at room temperature

· Maximum duration of storage of prepared formula feed under domestic refrigeration.

Internationally, the clearest divergence in advice concerns reconstitution temperature. Within countries there can be differing guidance being given by official bodies. 
6.1.1 
Bodies that recommend reconstitution of PIF with water of not less than 70oC
· Ireland:
·  Food Safety Authority of Ireland. “Use a clean thermometer to ensure water is between 70oC and 75oC before use”.
https://www.fsai.ie/faqs/bottle_feeding_safely.html 

· United Kingdom:
·  Department of Health and Food Standards Agency. “Allow the boiled water to cool to no less than 70oC. This means in practice using water that has been left covered, for less than 30 minutes after boiling”.

https://www.gov.uk/government/publications/advice-on-preparation-of-formula-milks-restated 

· World Health Organization/ Food and Agricultural Organization:
· “… pour the appropriate amount of boiled water that has been allowed to cool to no less than 70oC … To achieve this temperature, the water should be left for no more than 30 minutes after boiling”.
http://www.who.int/foodsafety/publications/micro/PIF_Bottle_en.pdf 

· United States: 
· Centers for Disease Control: “Use hot water (158 o F/70oC and above) to make formula”.
http://www.cdc.gov/Features/Cronobacter/ 

6.1.2 Bodies that do not specify a reconstitution temperature, but instead recommend a maximum time for cooling boiled water
· Australia:

· Victoria State Government: “Do not let the water cool for longer than 30 minutes before making up infant formula”.

http://www.betterhealth.vic.gov.au/bhcv2/bhcarticles.nsf/pages/Bottle_feeding_-_nutrition_and_safety 

· Queensland Health: “Pour water that has been cooled for no more than 30 minutes into the bottle”.

http://www.health.qld.gov.au/ph/documents/childhealth/28107.pdf 

· Western Australia Government, Department of Health: “To achieve the appropriate temperature, the water should be left for no more than 30 minutes after boiling”.
http://www.health.wa.gov.au/havingababy/after/feeding.cfm
6.1.3 Bodies that recommend cooling water to temperature less than 70oC before reconstitution of PIF
· New Zealand
· Ministry of Health: “Cool boiled water in a covered, sterilised container in the fridge”.

https://www.healthed.govt.nz/resource/feeding-your-baby-infant-formula 

· Ministry for Primary Industries: “Make up formula with cold, previously boiled water”.

http://www.foodsmart.govt.nz/elibrary/infant-formula-sakazakii.htm 

· Australia
· Commonwealth Department of Health: “Water for infant formula should be prepared by bringing a fresh kettle or jug of water to the boil and allowing it to boil for 30 seconds …  Water should then be cooled before use”.
http://www.health.gov.au/internet/publications/publishing.nsf/Content/gug-director-toc~gug-infantformula 

· South Australia Health: “let it boil and cool down until it is lukewarm, or around room temperature”.
http://www.wch.sa.gov.au/services/az/other/nutrition/documents/Infant_formula.pdf 

· National Health and Medical Research Council: “Boil fresh water and allow it cool until lukewarm”.

https://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/n56_infant_feeding_guidelines.pdf 
· Canada
· Health Canada: 

...“For healthy, full-term infants, you can use previously boiled water that has been cooled to room temperature to prepare powdered infant formula. It's best to feed your child immediately”.
http://healthycanadians.gc.ca/eating-nutrition/safety-salubrite/milk-lait/formula-nourrisson-eng.php 
· France
· French Agency for Food, Environmental and Occupational Health & Safety: “Use only cold water (water over 25°C can contain more microbes and mineral salts)”.
https://www.anses.fr/en/content/infant-feeding-bottles-how-should-they-be-prepared-and-stored 

· Germany
· Federal Institute of Risk Assessments: “To shake the powder, water temperatures of up to 50 °C are sufficient for healthy babies born after a full-term pregnancy”.
http://www.bfr.bund.de/cm/349/recommandations-for-the-hygienic-preparation-of-infant-formula-in-powder-form.pdf  

· United States
· FoodSafety.gov (FSIS, FDA, and HHS): “Bring tap water to a rolling boil and boil it for one minute. If you use bottled water, follow this same process unless the label indicates that it is sterile. Then, cool the water quickly to body temperature before mixing the formula”.

http://www.foodsafety.gov/keep/types/babyfood/ 

· American Academy of Pediatrics: “Allow the water to cool to room temperature for 30 minutes”.
http://www.healthychildren.org/English/ages-stages/baby/feeding-nutrition/Pages/How-to-Safely-Prepare-Formula-with-Water.aspx 
6.1.4 Bodies that recommend both not less than 70oC and cooling

· Europe
· European Food Safety Authority: “Always reconstitute formulae in hot water (>70°C) or water that has been boiled and cooled, avoiding recontamination”.
http://www.efsa.europa.eu/en/press/news/biohaz041118.htm 

6.1.5 Bodies that recommend following manufacturer’s instructions
· Australia
· New South Wales Food Authority: “Prepare formula exactly according to manufacturer’s instructions”.
http://www.foodauthority.nsw.gov.au/consumers/life-events-and-food/infants#.VSNOBp2N34g 
· Tasmania Department of Health and Human Services: “Follow the manufacturer’s instructions”.
http://www.dhhs.tas.gov.au/__data/assets/pdf_file/0006/81798/sect_4A_Bottle_Feeding_2011.pdf 

7 
Summary
Despite what many care-givers believe, PIF is not a sterile product and even with strict control measures during manufacture, contamination by Cronobacter (and other pathogens) may occur at very low levels. 
Feeds are not always consumed straight after preparation and may be stored for some time. There is nothing intrinsic in PIF that would prevent growth of Cronobacter or other bacteria if reconstituted formula is not stored for appropriate times at apposite temperatures.
WHO recommends that powdered infant formula be added to boiled water that has been cooled to a temperature of no less than 70oC. However, there is no consensus in advice with many regulatory bodies and health authorities considering that water heated to 70oC is not required and may be potentially harmful to the nutritional quality of formulae and safety of caregivers and possibly infants. Among parents of formula-fed infants younger than 12 weeks, only 22% seem to use water heated to 70oC to dilute powdered milk (Caletti et al, 2018). Thus, one may wonder about the impact of this recommendation in real life. There is little doubt that the pre- WHO/FAO reports’ recommended temperature (50oC) was too close to the optimal growth temperature for Cronobacter (37–43oC) with a higher temperature being required to inactivate such bacteria. Bacterial growth could be controlled by making up PIF with freshly boiled water which would reduce any contamination present in the PIF or on the associated equipment. However the use of water at ≥70oC implies acceptance of some untoward consequences to the reconstituted PIF, such as the formation of curds and the loss of some essential nutrients, mainly vitamins. Reconstituting PIF with boiled water cooled to ambient temperature is safer overall than making formula up with water at 70°C and storing it before feeding. From a risk-based perspective, the most relevant scenario for growth of Cronobacter is prolonged storage of bottles of PIF without refrigeration, after reconstitution with water at ambient temperature.
Parents/caregivers do not find it easily feasible to judge the temperature of reconstitution water in order to meet a ≥70°C guideline. Reconstitution using water which had been boiled and left for 30 minutes caused temperatures ranging from 46 to 73°C depending on the volume of water boiled, resulting in different degrees of lethality to bacteria. Boiling 1000ml of water gave average temperatures >70°C after 30 minutes.There is the risk of scalds in households (especially to children) due to handling within households of boiling hot water several times per day for many months. Use of a thermometer can introduce bacterial contamination unless the thermometer is sterilised before its use.  
On rare occasions PIF may be contaminated with spore-forming bacteria like Bacillus cereus or Clostridium perfringens. In recorded cases these spores were found at very low concentrations that do not present a danger for infants. Use of high temperatures for reconstituting the formula may induce spore germination; the vegetative cells can proliferate and produce toxins.
The number of reported PIF associated infections in the first year of life, although well documented, is low in comparison with millions of bottles of formula prepared each day in the world. Additionally, the rate of PIF contamination with Cronobacter appears to have decreased; it used to be 14% in the 1980s, and in recent studies it is estimated to be very low or absent. The risk of infection due to Cronobacter contaminated infant formula is greater in specific categories, i.e. premature babies, low birth weight infants, and infants younger than 28 days. In hospitalised new-borns the problem can be resolved by using sterile, ready-to-feed infant formulae.
Product labelling, consumer education programmes and well child providers’ training need to be updated to provide adequate information to caregivers on the safe use of powdered infant formula and to provide caution regarding the health hazards associated with inappropriate preparation and handling of PIF.
8 
Recommendations

Improved parent/caregiver powdered formula preparation and hygiene practices and the elimination of the apparent widespread misunderstandings and misinterpretation of current guidelines are required. Strategy formation should be based on results of consumer research from New Zealand, UK and other studies.
Determine practical and realistically achievable methods to enable parents to implement recommended Ministry of Health and Ministry for Primary Industries preparation guidelines. Inform caregivers how to realistically implement these recommendations using scenario specific examples. Advice on implementation needs to be supported with clear reasons why safety measures are required. These should target specific key PIF preparation malpractices associated with negative attitudes of parents, e.g. water temperature for reconstitution and storage habits. Highly focused messages utilising appropriate intervention materials are required, directed at identified groups of parents/caregivers, e.g. first time parents using formula, those changing from breastfeeding to formula feeding and parents with older children.
From a risk perspective, controlling pathogen growth rather than killing all pathogens is more important. Making up formula with pre-boiled drinking water cooled to ambient temperature is recommended as it is less of a risk than making formula up with water at an elevated temperature (≥700C) and storing it subsequently before feeding. A recommendation to use water at any specific temperature (including 70°C) may create confusion, many people not knowing what this means in practice and/or how to achieve it. Insufficient cooling may result in reconstitution occurring in the peak temperature range (37-43oC) for optimum Cronobacter growth.
The most important scenario for growth of Cronobacter is prolonged non-refrigerated storage of feeds after reconstitution with water at ambient temperature. Pathogen growth can be restricted by limiting the handling time of reconstituted PIF to ≤2 hours without refrigeration; and by storage in the body of the fridge for no more than four hours.
Specific manageable advice is required on reconstitution and use of PIF outside the home, e.g. in childcare situations or when travelling.
Reinforcement of the importance of adequate hand washing/drying and surface cleaning is necessary in intervention materials. Consumer perceptions of the how and when of ‘adequate hand washing/drying and surface cleaning’ are often less thorough than the practices required for microbiological safety. 
No literature has been identified that examines specific ages for ceasing the use of boiled water for PIF reconstitution. When advising on this topic consideration should be given to the information presented on the development of the infants gut microbiota and the factors affecting this.
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� An infant formula product represented as a breast milk substitute for infants and which satisfies the nutritional requirements of infants aged up to four to six months. Standard 2.9.1, Australian New Zealand Food Standards Code


� Prior to 2008 Cronobacter species was known as Enterobacter sakazakii; for the purposes of this document the term Cronobacter will be used throughout


� Microbiological data sheets are prepared by ESR for a number of different foodborne pathogens as requested by MPI. The data sheets, including those previously prepared for the Ministry of Health, can be found at: � HYPERLINK "http://www.foodsafety.govt.nz/science-risk/hazard-data-sheets/pathogen-data-sheets.htm" �http://www.foodsafety.govt.nz/science-risk/hazard-data-sheets/pathogen-data-sheets.htm�� HYPERLINK �� 
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