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Abstract
It is documented that Cronobacter spp.(formely named as Enterobacter sakazakii) can live in the powdered infant formula
(PIF) for a long period, and special concerns have been raised about the safety of powdered infant formula (PIF)
contaminated by Cronobacter spp with the globalization of the food supply. A method comparison study between the
Chinese standard method GB 4789.40–2016 (reference method) and the European standard method EN ISO 22964:2017
(alternative method) for detecting Cronobacter spp. in PIF was performed according to ISO 16140-2 2016. A total of 576
blind-coded test portions of the product spiked with the test strain at 3 different contamination levels were analyzed by 12
participating laboratories. The results showed that the sensitivity of GB 4789.40–2016 was 80% and 81.16% at the low
and high contamination levels, respectively, while those of ISO 22964:2017 were 90% and 97.10%, respectively. The
Relative Levels of Detection (RLODs) were below the acceptance limit (AL) regardless of the contamination level. The
results were also analyzed using the probability of detection (POD) model proposed in the AOAC guidelines, and showed
no statistically signi�cant difference between the alternative and reference methods. The ISO 22964:2017 method was
considered equivalent to the GB 4789.40–2016 method for the detection of C. sakazakii in PIF.

Introduction
Cronobacter (formerly known as Enterobacter sakazakii) has been recognized as a genus of Enterobacteriaceae since
2007 (Iversen et al., 2007), which consists of seven species including C. sakazakii, C. malonaticus, C. turicensis, C.
muytjensii, C. dublinensis, C. universalis, and C. condimenti (Joseph et al., 2012a; Joseph et al., 2012b). Cronobacter
species are opportunistic foodborne pathogens that can cause severe infections such as meningitis, septicemia,
necrotizing enterocolitis, and pneumonia in neonates and in immuno-compromised individuals (Iversen and Forsythe,
2003; World Health Organization [WHO], 2007). C. sakazakii, C. malonaticus, and C. turicensis are considered the
pathogenic Cronobacter species that cause the majority of severe illnesses (Jaradat et al., 2014).

Although the reservoirs of Cronobacter spp. and their modes of transmission are still unclear, contaminated foods,
especially powdered infant formulae (PIF), have been suggested as the primary vehicle of transmission for Cronobacter
spp., with the importance of dusts and airborne contaminations serving as a secondary route of transmission (Jung and
Park, 2006; World Health Organization [WHO], 2007). It was reported that Cronobacter spp. were isolated from 20% of
powdered infant formulae in Korea (Lee et al, 2012). Understanding the transmission routes (e.g., raw materials, or
environmental) and vehicles (e.g., powdered infant formula, or cereals) of sporadic Cronobacter outbreaks is of public
health importance (Friedemann, 2007).

Currently, culture-dependent isolation and morphological/biochemical methods for the detection and identi�cation of
Cronobacter spp. from PIF are recommended by the International Organization for Standardization and the International
Dairy Federation. In general, ISO 22964:2017 is reinforced as the regional standard method. In China, GB 4789.40–2016 is
speci�ed as the o�cial standard test method for the detection of Cronobacter spp. from PIF (China National food safety
standards, 2016). For the approved standard methods of qualitative testing, the common features and procedures of these
traditional culture methods often involve pre-enrichment and selective enrichment procedures followed by biochemical
and/or serological con�rmation (Norberg et al., 2012; United States Food and Drug Administration, 2002).

Despite sharing common test principles, many of the standard methods have different procedures. Therefore, standard
method harmonization has become necessitated by a growing demand on international cooperation and exchange of
data, particularly during food-borne outbreaks (Espeillac, 2015). From a regulatory perspective, microbiological criteria are
often de�ned by public authorities at different levels (e.g., national, regional, and international). Each level adopting a
different standard method and establishing microbiological criteria based on their own testing methodology could lead to
discrepancies and confusion in the interpretation of the testing results, in addition to an increase in costs for testing and
holding products. Particularly in the global food trade, if different national standard methods are used by exporting and
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importing countries, analyses are duplicated and delays in trade become inevitable (Espeillac, 2015). Thus, evaluating and
establishing the equivalence between standard methods is of major technical signi�cance to ensure a uniform application
and control of legislation for the global food trade. On the other hand, from the perspective of R&D and practical users,
method comparison studies continue through the method development pipeline in the validation of alternative methods. A
misuse mistake made by the food industry is the misuse or arbitrary adoption of rapid methods without validation, which
renders testing results unreliable. Therefore, before adopting a new rapid method or a different standard method in routine
analysis, it is important to carry out a scienti�c and systematic evaluation to ensure that the performance characteristics
meet the requirements for a speci�ed intended use. A key component of this validation process involves comparison of
the alternative method to a reference method and establishing objective evidence that the alternative method performs
equivalently or superior to the reference method (Vicky et al., 2010).

Establishing equivalence between an alternative method and the standard method by comparison studies is an essential
part of method validation. In o�cial method validation processes, regulatory or accredited third party organizations
conduct studies to evaluate the performance of a new or an updated method according to internationally or regionally
recognized validation guidelines. Up to now, there is no international standard nor guideline that speci�cally addresses
equivalence evaluations between two established standard methods. However, most of these studies are conducted
following two major validation guidelines that are internationally recognized, namely the AOAC International Methods
Committee Guidelines for Validation of Qualitative and Quantitative Food Microbiological O�cial Methods of Analysis
(Feldsine, et al., 2012) (hereafter referred to as “AOAC Guidelines”) and the ISO 16140 series, Microbiology of the Food
Chain-Method Validation (International Organization for Standardization, 2016a&2016b) (hereafter referred to as “ISO
16140”), sometimes with modi�cations (Amparo et al., 2019). In China, the Certi�cation and Accreditation Administration
of China has recently published a national industry standard to guide the evaluation of the equivalence of food
microbiological testing standard methods (RB/T 037-2020) (Certi�cation and Accreditation Administration of China,
2020). The designed plan of this study is based on the principles of ISO 16140.

The objective of this study was to conduct an interlaboratory cross-validation between two standard methods, GB
4789.40–2016 (reference method) and ISO 22964:2017 (alternative method) for the detection of Cronobacter spp. from
PIF(Anonymous, 2017). The results submitted by multiple laboratories were used to estimate the difference in
performance parameters between GB 4789.40–2016 and ISO 22964:2017.

Materials And Methods

Materials

Strain and Culture media
The reference strain C. sakazakii ATCC 29544 was used as the targeted strain in this interlaboratory study. The culture
media used in this study were listed in Supplementary Table S1.

Powdered infant formula matrix
Non-probiotic infant formula (Table 1) was selected as the study matrix based on ISO 16140-2:2016 Annex A
(International Organization for Standardization, 2016b) and the results obtained from a preliminary single laboratory study
(Supplementary Table S2-S6, Figure S1). The test product was purchased from a local supermarket and belonged to a
single production batch. 
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Table 1
Classi�cation of Test Matrices

Category Type Item

Infant formula and Infant
cereala

Non-probiotic infant
formula

Whey-based (dairy), soy-based (vegetables), forti�cation
formulation

aThis kind of food was selected according to the Annex A of ISO 16140-2.

Aerobic plate count (APC) and Enterobacteriaceae count (EB) of uninoculated products were determined to estimate the
background micro�ora load according to GB 4789.2–2016 and GB 4789.41–2016 (Method II), respectively (China
National Food Safety Standard, 2016). Additionally, �ve 100 g test portions of the infant formula powder were tested for
the presence of Cronobacter spp. based on GB 4789.40–2016 (the reference method I) (China National Food Safety
Standard, 2016).

Target strains veri�cation
In order to ensure the puri�cation and accuracy of the targeted strain used in this study. C. sakazakii ATCC 29544 was
streaked form frozen stock culture on Brilliance Enterobacter sakazakii agar (DFI) and then the typical colony was
streaked from Trypticase soy agar (TSA). After incubation at 36℃±1℃ for 18-24h, the targeted strain was veri�ed by DNA
gyrase subunit B (gyrB) gene sequencing (Supplementary Figure S2).

Seed Preparation
C. sakazakii ATCC 29544 was cultured at 36℃±1℃ for 18–24 h and subject to heat-stress at 55℃ for 10 min in
Trypticase soy broth (TSB) media. The culture was then centrifuged and washed by phosphate-buffered saline (PBS, pH
7.4), and the pellet was re-suspended in PBS and dried naturally in a desiccator at ambient conditions for 24 h to 48 h to
form a powdered culture. The seed was prepared by spiking 500 g of infant formula powder with the powdered culture
followed by shaking for 15–20 minutes. The prepared seed was stored at ambient temperature for a minimum of 2 weeks
to condition the microorganism to the product matrix (supplementary table S7, �gure S3).

Preparation of arti�cially contaminated infant formula samples
The product was bulk spiked with the seed culture to achieve a low Cronobacter contamination level of 1–3 CFU/10 g (L1)
and a slightly high contamination level of 2–6 CFU/10 g (L2). Unspiked product was used as a blank control (L0) in the
analytical procedures (Table 2). 

Table 2
Inoculation Level

Level Target Portions Remark Strain

L0 0 CFU/10g 8 Negative control Cronobacter sakazakii

ATCC 29544L1 1–3 CFU/10g* 8 Theoretical detection level

L2 2–6 CFU/10g* 8 High inoculation level

*Note: The actual inoculation level L1 and L2 are dependent on the results of Laboratory Study fractional recovery
levels.
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A 5-tube 3-level (100g×5, 10g×5, 1g×5) Most Probable Number (MPN) estimation was used to determine contamination
levels on the day that the analysis of test samples was initiated (Ekelund et al., 1999).

Distribution of samples
The interlaboratory study was organized by Merieux NutriSciences (China) Food Science Center. A total of 12 laboratories
including the government, third-party, and dairy manufacturer sectors participated in this interlaboratory study. All
collaborating laboratories were accredited under ISO/IEC 17025 (ISO/IEC 17025:2017 ).

A total of 576 test portions of the product spiked with the test strain at 3 different contamination levels were blind-coded
and shipped to the participating laboratories in isothermal containers with icepacks and clear instructions on sample
handling. All samples were delivered on time and in appropriate conditions (arrival temperature Less than or equal to
25°C) except Lab 6, where receiving temperature was not measured, and Lab 11 as a result of slightly over-the-limit arrival
temperature (Supplementary Table S8). Upon receipt, all samples were transferred to 4°C for storage.

Sample testing procedures
GB 4789.40–2016 Method I (China National Food Safety Standard, 2016) was selected as the reference method in this
study, and ISO 22964:2017 was selected as the alternative method (International Organization for Standardization,
2016a&2016b). The (end) result of the alternative method (ISO 22964:2017) were be con�rmed by the reference method
(GB 4789.40–2016) in the sensitivity study, under the guidance of ISO 16140:2017. Since the reference and alternative
methods do not share the same initial enrichment step, an unpaired study design was adopted in this study. In each
participating laboratory, a total of 24 samples (3 contamination levels, 8 replicates per contamination level) were analyzed
using the reference method; 24 samples were analyzed by the alternative method, with the pre-enrichment also analyzed
using the reference method. Detailed testing procedures are summarized in Fig. 1.

Speci�city
The percentage speci�city (SP) of the reference and alternative methods were calculated based on the results of level L0

as follows:

Speci�city of the reference method:SPref = 1 −
P0

N × 100%

Speci�city of the alternative method:SPalt = 1 −
CP0

N × 100%

where N is the number of all L0 results

P0 is the total number of false-positive results obtained with the blank samples before con�rmation

CP0 is the total number of false-positive results obtained with blank samples.

Sensitivity
The sensitivity of the reference and alternative methods were calculated as described for the single laboratory study
(International Organization for Standardization, 2016b). The acceptance limit (AL) for (ND-PD) in the interlaboratory study

[ ]
[ ]
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was calculated according to ISO 16140-2:2016 and summarized in Supplementary Information Part 2.2.

Rlod
An evaluation of the difference between the relative level of detection (RLOD) between laboratories was conducted
according to ISO 16140:2-2016 using the RLOD Calculation Program worksheet available on the ISO website
(http://standards.iso.org/ISO/16140).

Pod And Dpod
The probability of detection (POD) and the difference between any two POD values (dPOD) were calculated as previously
(Wehling et al., 2011) and the AOAC validation guidelines (Feldsine et al., 2011; International Organization for
Standardization, 2015).

Results

Microbial background of product matrix and inoculum preparation
The TPC and Enterobacteriaceae counts in all �ve replicates of the uninoculated product matrix were less than 10 CFU/g,
and Cronobacter spp. was not detected. After heat stress, the reduction in the test strain count was more than 0.5 log10

CFU/g (Supplementary Table S7), indicating a su�cient level of stress. The seed inoculum level decreased by 1–2 log10

CFU/g during the �rst week of storage at ambient temperature and became more stable after 2 weeks (Supplementary
Figure S3). The seed inoculum was used for bulk inoculation after 14 days, at which point the inoculant level was veri�ed
in the organizer laboratory.

Results summary and interpretation
After reviewing the results obtained by all 12 collaborators (Supplementary Table S9), the data collected from all
participants showed that sample acceptance temperature from two of the participant laboratories (Lab 1 and Lab 11) was
almost near room temperature.

A total of 576 test portions of the chosen test product spiked with 3 different contamination levels of Cronobacter strain
ATCC29544 were sent to all the participants to generate 864 test results.

Some outliers were identi�ed among the results submitted by Lab 10 and Lab 11. For Lab 10, two samples were tested
positive in L0 (negative samples), which suggested potential cross contamination during sample processing. Moreover,
the positive detection ratio of L1 (6/8) was higher than that of L2 (5/8) for the reference method (Table S9), and positive
detection results of 3 samples were inconsistent before con�rmation and after con�rmation by reference method (Table
S9). For Lab 11, the positive detection results of 6 samples before con�rmation and after con�rmation by using the
alternative method were not consistent in L1 and L2 (Table S9), whose data seemed out of false negative ratio in the
study. For the aforementioned reasons, the results submitted by Lab 10 and Lab 11 were omitted in subsequent analyses.
The results from Labs 1–9 and Lab 12 were retained (Supplementary Tables S9). These results were summarized in
Table 3. Fractional positive results were obtained in both contamination levels (1.299 MPN/10g and 2.210 PMN/10g),
which conformed to the requirement of ISO 16140-2.
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Table 3
Data statistics of 10 labs results from an interlaboratory study

Level

(MPN/10g)

Method Lab npos
a ntested

b Method Lab npos
a ntested

b

0 Reference 1 0 8 Alternative 1 0 8

0 Reference 2 0 8 Alternative 2 0 8

0 Reference 3 0 8 Alternative 3 0 8

0 Reference 4 0 8 Alternative 4 0 8

0 Reference 5 0 8 Alternative 5 0 8

0 Reference 6 0 8 Alternative 6 0 8

0 Reference 7 0 8 Alternative 7 0 8

0 Reference 8 0 8 Alternative 8 0 8

0 Reference 9 0 8 Alternative 9 0 8

0 Reference 12 0 8 Alternative 12 0 8

1.299 Reference 1 3 8 Alternative 1 4 8

1.299 Reference 2 3 8 Alternative 2 3 8

1.299 Reference 3 1 8 Alternative 3 2 8

1.299 Reference 4 3 8 Alternative 4 3 8

1.299 Reference 5 2 8 Alternative 5 1 8

1.299 Reference 6 1 8 Alternative 6 3 8

1.299 Reference 7 3 8 Alternative 7 3 8

1.299 Reference 8 3 8 Alternative 8 3 8

1.299 Reference 9 2 8 Alternative 9 4 8

1.299 Reference 12 3 8 Alternative 12 1 8

2.210 Reference 1 5 8 Alternative 1 6 8

2.210 Reference 2 4 8 Alternative 2 5 8

2.210 Reference 3 6 8 Alternative 3 8 8

2.210 Reference 4 6 8 Alternative 4 7 8

2.210 Reference 5 6 8 Alternative 5 5 8

2.210 Reference 6 6 8 Alternative 6 7 8

2.210 Reference 7 5 8 Alternative 7 7 8

2.210 Reference 8 6 8 Alternative 8 8 8

a The positive numbers of samples tested in one laboratory.

b The total numbers of samples tested in one laboratory.
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Level

(MPN/10g)

Method Lab npos
a ntested

b Method Lab npos
a ntested

b

2.210 Reference 9 5 8 Alternative 9 8 8

2.210 Reference 12 7 8 Alternative 12 6 8

  Reference sum 80 240 Alternative sum 95 240

a The positive numbers of samples tested in one laboratory.

b The total numbers of samples tested in one laboratory.

Speci�city
The calculated speci�cities for the reference method and the alternative method were both 100%.

Sensitivity
The sensitivity of the reference and alternative methods was summarized in Table 4. The value of (ND-PD) at
contamination levels L1 and contamination levels L2 was − 3 and − 11 respectively, which both less than the
corresponding acceptance limit (AL) of 10.22 and 9.36. According to the corresponding provision of ISO 16140-2, if the
value of (ND-PD) was less than the AL, then two comparative methods were considered as equivalent. It was inferred that
the detection results between the alternative method and the reference method were regarded as equivalent at both
contamination levels (L1 and L2) based on the results ( Table 4) in this study,
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Table 4
Interlaboratory study - Summary of data for sensitivity calculation

Parameter Contamination Level

L1 L2

Positive agreement (PA) 21 54

Positive deviation (PD) 6 13

Negative agreement (NA) 50 11

Negative deviation (ND) 3 2

Sensitivity of reference method (SEref) 80.0% 81.16%

Sensitivity of alternative method (SEalt) 90.0% 97.1%

Relative trueness (RT)a 88.75% 81.25%

False positive ratio of alternative method (FPR)b 0% 0%

(ND-PD) -3 -11

Acceptance limit (AL) 10.22 9.36

Conclusion (ND-PD) < AL (ND-PD) < AL

a RT: degree of correspondence between the response obtained by the reference method (2.59) and the response
obtained by the alternative method (2.4) on identical samples.

bFPR: This false-positive result (FP) shall also be used to calculate the false positive ratio. The con�rmed alternative-
method results shall be used to determine whether the alternative method produces comparable results to the
reference method.

RLOD
The interlaboratory data were analyzed by �tting the CLL model as a generalized linear model (GLM). Fitting the CLL
model including laboratory effects to the combined data from 3 levels and 10 laboratories (Laboratory 10 and 11
excluded), the laboratory effects Labj for laboratories 1–9, 12 are summarized in Supplementary Table S10. No signi�cant
laboratory effects were found (p = 0.16) (Supplementary Table S10). The analysis of the deviance test indicates that the
alternative and reference methods are not signi�cantly different (Dmethod=1, p = 0.32). The RLOD of the alternative method,
as compared to the reference method, is 0.85 with a 90% CI of 0.66–1.11, Which below AL (�xed at 2,5 for unpaired study),
suggesting that the sensitivity of the alternative method (ISO) is not signi�cantly different from the reference method (GB)
when detecting Cronobacter sakazakii from non-probiotic infant formula.

LPOD and LPOD
The interlaboratory data was also analyzed using the POD model included in the AOAC validation guidelines (Feldsine et
al., 2012; International Organization for Standardization, 2015a and 2015b). In this study, at two contamination
concentrations where POD values fall in the fractional range between 0.15 and 0.85, variation was observed within each
laboratory. At the low contamination level (1.299 MPN/10g), the dLPOD value was 0.0375. While at a slightly higher
contamination level (2.210 MPN/10g or 100g), the dLPOD value was 0.1375. Table 5 showed the summary statistics for
the collaborative study, which were designated as LPOD and dLPOD with associated 95% con�dence intervals. The
designator L before the POD signi�es that this is a composite POD pooled across laboratories and includes between-
laboratory variation in addition to variation inherent in the binomial nature of the binary probabilities.
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Table 5
Results of interlaboratory data of detection of Cronobacter spp

Alternative method Reference method

Concn

MPNa/10g

laboratory n xb PODa

or
LPODa

95% CIc x PODr
or
LPODa

95% CI dPODa
or
dLPODa

95% CI

0 1 8 0 0 (0.00, 0.046
)

0 0 (0.00, 0.046 ) 0.000 (-0.046,
0.046 )

0 2 8 0 0 0 0 0.000

0 3 8 0 0 0 0 0.000

0 4 8 0 0 0 0 0.000

0 5 8 0 0 0 0 0.000

0 6 8 0 0 0 0 0.000

0 7 8 0 0 0 0 0.000

0 8 8 0 0 0 0 0.000

0 9 8 0 0 0 0 0.000

0 10 8 0 0 0 0 0.000

0 All 80 0 0.000 0 0 0.000

1.299 1 8 4 0.500 (0.243,0.446
)

3 0.375 (0.211,0.408) 0.125 (-0.178,
0.105)

1.299 2 8 3 0.375 3 0.375 0.000

1.299 3 8 2 0.250 1 0.125 0.125

1.299 4 8 3 0.375 3 0.375 0.000

1.299 5 8 1 0.125 2 0.250 -0.125

1.299 6 8 3 0.375 1 0.125 0.200

1.299 7 8 3 0.375 3 0.375 0.000

1.299 8 8 3 0.375 3 0.375 0.000

1.299 9 8 4 0.500 2 0.250 0.250

1.299 10 8 1 0.125 3 0.375 -0.200

1.299 All 80 27 0.3375 24 0.300 0.038

2.210 1 8 6 0.750 (0.727,
0.892)

5 0.625 (
0.592,0.789)

0.125 (-0.157,
0.083)

2.210 2 8 5 0.625 4 0.500 0.125

2.210 3 8 8 1.000 6 0.750 0.250

a MPN Most probable number.

b x = Number of positive trials

c CI = Con�dence interval
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Alternative method Reference method

2.210 4 8 7 0.875 6 0.750 0.100

2.210 5 8 5 0.625 6 0.750 -0.125

2.210 6 8 7 0.875 6 0.750 0.125

2.210 7 8 7 0.875 5 0.625 0.250

2.210 8 8 8 1.000 6 0.750 0.250

2.210 9 8 8 1.000 5 0.625 0.375

2.210 10 8 6 0.750 7 0.875 -0.125

2.210 All 80 67 0.8375 56 0.700 0.138

a MPN Most probable number.

b x = Number of positive trials

c CI = Con�dence interval

Based on the results from Table 5, there was no signi�cant difference for lower contamination level (1.299 MPN/10g) and
slightly higher contamination level (2.210 MPN/10g) between the alternative method and reference method at a 95%
con�dence level.

Discussion
In China, GB methods are enforced as national standards for microbial testing in food products. Since the scope of many
GB standard testing methods do not cover matrices in the entire production cycle, particularly for environmental samples,
and many alternative methods have not undergo appropriate ISO 16140 or AOAC OMA validation, the risks of using
methods outside of their intended scope must not be ignored, as the consequence of false negative or positive results
could be severe from both food safety and production perspectives. Standard method harmonization is necessitated by a
growing demand on international cooperation and exchange of data, particularly during the occurrence of a foodborne
outbreak (Espeillac, 2015). Thus, evaluating and establishing equivalence between standard methods is of major technical
signi�cance to ensure a uniform application and control of legislation and global food trade.

For the preparation of test samples, homogeneity and uniformity of arti�cially contaminated infant formula samples were
key to obtain fractional recovery taking into account samples with the low contamination level (1–3 MPN/10g). Fractional
recovery was achieved in this study, the percentages of positives for inoculated samples at the low level of inoculation
(1.299 MPN/10g) were 33.75% and 30% for the alternative method and the reference method respectively, which were
between 25% and 50% (Table 5). For the higher level of inoculation (2.210 MPN/10g), the percentage of agreement with
the result was 83.75% and 70% for the alternative method and the reference method, respectively (Table 5), which were
between 70% and 100% and were slightly lower 75%. This was probably because the high level of contamination (2.210
MPN/10g) was less than double the low inoculation level (1.299 MPN/10g).

Speci�city calculated with the blank samples was 100% for the alternative method and the reference method, with one
false-positive result obtained from Lab 3. The most probable cause for this false-positive result was cross-contamination
at a certain step during the whole testing procedure, either at the operator level or at the sample pre-processing stage
based on the investigation results by the detailed experiment records. In addition, it was sepeculated that this may also be
due to very low and heterogenous contamination of the matrix
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The (ND-PD) value for contamination Level 1 and contamination Level 2 were both below zero (Table 4), which indicated
that the detection results of the same portion between the alternative method and the reference method were inconsistent.
Further, it was speculated that this re�ected that the sensitivity of the alternative method was slightly higher than that of
the alternative method mainly due to the inconsistency of the detection procedures and other reasons including operators,
etc. In addition, as RLOD of the alternative method was 0.85 compared to the reference method with a 90% CI of 0.66–
1.11, which were all below the AL �xed at 2.5 for this unpaired study. The difference in detection ration between the
alternative and reference methods could be attributed to non-uniform distribution of target organisms at the low
contamination level (1.299 MPN/10g), and/or differences in lab equipment and operators.

It was reported that the difference in sensitivity may be due to samples sizes, pooling, and test procedure differences
between two standard methods (Benito et al., 2019; Miled et al., 2012). The main difference of test procedures between GB
4789.40–2016 and ISO 22964:2017 lay in the initial detection size of tested samples, incubation temperature, and
selective media (Fig. 1). The two pre-enrichment steps were to recover any injured cells of Cronobacter spp., which can
increase the sensitivity of the method. For the second enrichment step, modi�ed Lauryl Sulfate Tryptone (mLST) used in
GB 4789.40–2016 was an strong selective enrichment broth compared with the Cronobater screening broth used in ISO
22964:2017, although the growth of other non-Cronobacter Enterobacteriaceae was also suppressed in mLST (AL-HOLY et
al., 2011); Meanwhile, it has been found that some strains of Cronobacter spp. are slightly inhibited by Sodium Lauryl
Sulfate (Guillaume-Gentil et al., 2005). However, this Cronobacter screening broth (CSB) is designed to encourage the
growth of all Cronobacter strains without intentional inhibition of other Enterobacteriaceae (Iversen et al., 2008). Therefore,
it was speculated that recovery of heat injury Cronobacter spp. in mLST was slightly lower than the recovery of heat injury
Cronobacter spp. in CSB, which likely reduced the sensitivity of GB 4789.40–2016.

On the other hand, the incubation temperature of Cronobacter spp. in GB 4789.40–2016 and ISO 22964:2017 was 44 ± 
0.5℃ and 41.5 ± 1℃ respectively (Fig. 1). It was documented that Cronobacter spp. grew more preferably at 43℃ as
compared with 37 ℃ (AL-HOLY et al., 2011), and 44 ± 0.5℃was selected because the higher incubation temperature
inhibits the growth of many members of the Enterobacteriaceae and improves the speci�city for recovery speed of heat
injury Cronobacter spp. (Iversen et al., 2004). Furthermore, Guillaume-Gentil et al. (Guillaume-Gentil, et al., 2005) indicated
that Cronobacter exhibits better growth performance at high osmolarity (1 M NaCl) when incubated at a relatively lower
incubation temperature of 37℃ as compared with 45℃. Further studies are needed to improve the ability of the
enrichment broth to recover some stressed and poorly growing Cronobacter strains by supplementing Al-Holy-Rasco (AR)
broth with ingredients such as sodium pyruvate and 3,3-thiodiopropionic acid (Gurtler et al., 2009).

In summary, the sensitivity of both standard methods is closely related with the enrichment and the whole testing
procedure in this study. Impact of pooling powdered infant formula samples on detection sensitivity was observed as the
result of the previous documents, which showed that pooling had a negative impact on the maximum population of
Cronobacter attained, whereas no clear effect was observed on the onset of growth (Miled et al, 2010). Our data was
similar and also con�rmed that the practice of pooling samples may affect the performance of the detection method.
Future studies may focus on testing the ability of the combination of different enrichment broth and corresponding culture
temperature to recover Cronobacter spp. strains ASAP from naturally contaminated PIF.

Conclusions
Interlaboratory study results were obtained from 10 valid data sets from 10 collaborators tested respectively by
ISO22964:2017 and GB 4789.40–2016 for non-probiotic infant formula. These results showed that (ND - PD) values were
below the acceptability limits (AL) in two levels of the arti�cial contamination concentration ( 2.210 MPN/10g and 1.299
MPN/10g) of C. sakazakii ATCC 25944. The Relative Levels of Detection (RLOD) was all below the AL �xed at 2.5 for
unpaired data studies at the 95% con�dence level. Based on the AOAC validation guidelines, calculation results using POD
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model demonstrated that there was no statistically signi�cant difference between the alternative method and the reference
method at a 95% con�dence level.

In conclusion, the data and interpretations of this study complied with the EN ISO 16140-2: 2016 requirements. The ISO
22964:2017 method of C. sakazakii detection was considered equivalent to the GB 4789.40–2016 standard for the matrix
of infant milk formula.
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Figure 1

Sample testing procedures based on GB 4789.6 and ISO 2964:2017 respectively

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

SupplementaryMaterialsRonniev1.docx

https://assets.researchsquare.com/files/rs-1555562/v1/4f3f8558a97c570ec61fa5c8.docx

