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The CDC’s National Enteric Reference Laboratory Quality Assurance Panel (NERL QA Panel) 

for the identification and subtyping of bacterial enteric pathogens is organized and conducted by 

the Enteric Diseases Laboratory Branch, Centers for Disease Control and Prevention (CDC).  The 

program included four panels that were intended to allow participants to assess their abilities in 

the following areas:  

 

Campylobacter (5 isolates) 

Phenotypic identification  

Molecular identification  

 

Escherichia/Shigella (5 isolates) 

Identification 

Serotyping 

 Shigella (as complete as possible) 

 Shiga toxin-producing Escherichia coli  

 O Antigen determination (O26, O45, O103, O111, O121, O145 and O157) 

 H Antigen determination (if possible, but not needed to be correct) 

Virulence Markers 

 

Salmonella (5 isolates) 

Identification to the subspecies level 

Serotyping (phenotypic and/or genetic methods)  

 

Yersinia and other Enterobacteriaceae (2 isolates) 

Identification to the species level 

 

Confidential reports for each laboratory were issued via email between July and October 2016; 

this is a summary of the group’s performance on each of the panels. We are pleased with the 

participation we received in the 2016 cycle and gratefully acknowledge the support of the Public 

Health Agency of Canada, National Microbiology Laboratory, Winnipeg, Canada, who served as 

the referee laboratory. 

 

 



2016 Campylobacter QA Program Summary 

 

Fifty laboratories submitted results for the Campylobacter panel.  The results of these laboratories 

are summarized below. Thirty-five labs submitted phenotypic identification results only.  Fourteen 

labs submitted a combination of phenotypic and molecular results. Forty-eight labs correctly 

reported three or more strains to either the genus or species level based on the testing performed. 

Ten laboratories correctly identified all isolates tested to the species level. 

 

Number of labs that: 
QA-036 
C. jejuni 

QA-037 
 C. jejuni, hippurate 
negative 

QA-038 
C. coli 

QA-039 
C. lari 

QA-040 
C. fetus 

correctly identified the 
strain to the species 
level 

49 18 17 15 15 

correctly identified the 
strain as hippurate 
negative C. jejuni/coli 

NA 14 16 NA NA 

correctly identified the 
strain to the  genus level 

0 9 12 30 26 

Correctly reported the 
strain as a small Gram 
negative rod, refer for 
further identification 

0 0 0 1 0 

Correctly reported the 
strain to the genus or 
species level but had 
phenotypic testing 
errors 

0 

4  
C. jejuni (2), C. 
jejuni/coli, hippurate 
negative (1), 
Campylobacter 
species, refer (1) 

 0 0 

incorrectly identified 
strain to the 
species/subspecies level 

0 

3 
C. coli (2), 
Campylobacter 
species, not 
jejuni/coli (1) 

4                            
C. jejuni (3), C. 
jejuni, hippurate 
negative (1) 

1 
C. jejuni 

1 
C. hyointestinalis 

reported as C. jejuni not 
found 

0 1 1 1 1 

reported Campylobacter 
species not found 

0 0 0 1 1 

Reported as unable to 
speciate 

0 0 0 1 1 

reported a nonviable 
specimen 

0 0 0 0 4 

Unable to test 1 1 0 0 1 

Total 50 50 50 50 50 



Phenotypic Identification: 

 

 Thirty-six laboratories performed phenotypic testing only.  Based on the phenotypic 

testing performed, twenty-seven laboratories (75%) accurately reported the strains tested. 

 Nine laboratories (25%) did not accurately report from one to three strains.  Three 

laboratories (8%) had a phenotypic, data recording or data interpretation error but 

correctly identified the strain.  Four laboratories (11%) incorrectly identified or reported 

one to two strains due to phenotypic, data interpretation, or reporting format errors.  Two 

laboratories (6%) had phenotypic testing errors with a combination of correctly and 

incorrectly reported strains. 

 

 Common phenotypic testing errors/issues included: 

 

 Extended incubation times just prior to testing.  Twenty-one laboratories (42%) 

grew the strains for 36-96 hr and eight laboratories grew the strains for 18-72 hr 

(16%) just prior to phenotypic testing; twelve of these laboratories (41%) had 

phenotypic testing issues. We recommend the use of 24 hr growth for performing 

phenotypic testing for Campylobacter species identification.  In our experiences, 

the use of 48 hr or 72 hr growth plates can lead to test results that are either 

difficult to interpret or erroneous.  If the growth at 24 hr is insufficient for testing, 

the strain should be incubated for an additional 24 hr; the strain should then 

subcultured to fresh medium and grown for an additional 24 hr prior to testing. 

 

 Use of selective medium for phenotypic testing.  Selective media should be used 

for isolation of Campylobacter from primary specimens.   Selective media should 

not be used for routine culture of pure strains and growth for phenotypic testing.  

Non-selective media should be used for these purposes. 

 

 Growth on MacConkey agar.  Ten laboratories performed this test; four 

laboratories (40%) reported negative results for this growth test.  There are several 

formulations of MacConkey agar; MacConkey II is the appropriate formulation for 

testing Campylobacter. 

 

 The number of laboratories reporting performing MALDI-TOF increased from eight in the 

2015 program to fifteen in the 2016 program.  Eleven laboratories reported results for all 

five strains.  Two laboratories reported results for four strains and two additional 

laboratories reported results for one strain.  All laboratories reporting MALDI-TOF 

results for QA-036 (C. jejuni), QA-037 (C. jejuni, hippurate negative), QA-038 (C. coli) 

and QA-039 (C. lari) successfully identified these strains to the species level by this 

method.  Ten laboratories successfully identified QA-040 (C. fetus) to the species level by 

MALDI-TOF.  Two laboratories reported that the MALDI-TOF scores for QA-040 were 

unreliable and did not yield an accurate identification, but did correctly reported this strain 

using other identification methods.  Two laboratories reported QA-040 as nonviable and 

one laboratory did not test this strain.   

 



Molecular Identification: 

 

 Fourteen laboratories submitted a combination of phenotypic and molecular results to 

determine the species identifications of the strains. Eleven laboratories (79%) accurately 

reported the strains tested.  One laboratory reported a negative result in the C. jejuni-

specific hipO assay for QA-037.  One laboratory had two PCR failures in the C. jejuni-

specific ceuE assay, reporting a C. jejuni PCR negative result for QA-037 (hippurate 

negative C. jejuni) and a C. jejuni PCR positive result for QA-038 (C. coli).  One 

laboratory reported a negative result for QA-039 (C. lari) in a commercial PCR assay 

designed to identify C. jejuni, C. coli and C. lari.  

 

General Comments: 

 

 Forty-nine participants tested QA-036; all (100%) successfully identified this strain as C. 

jejuni based on the testing performed.  One participant was unable to test this strain. 

 Fewer participants identified the hippurate negative C. jejuni (35%) strain (QA-037) to 

the species level based on the testing performed.   The majority of participants identified 

this strain as hippurate negative C. jejuni/C. coli (29%) or Campylobacter genus (18%).  

Four laboratories correctly reported this strain but had phenotypic testing errors. Two 

laboratories incorrectly reported this strain as Campylobacter species, not C. jejuni/coli or 

not C. jejuni due to either a phenotypic error or a reporting format error.  One laboratory 

misidentified this strain as C. coli.  One laboratory was unable to test this strain.  

 Fewer participants identified the C. coli (34%) strain to the species level based on the 

testing performed.   The majority of participants identified as these strains as hippurate 

negative C. jejuni/C. coli (32%) or Campylobacter genus (24%).  Three participants had a 

phenotypic testing error which resulted in misidentification of this strain as hippurate 

positive C. jejuni.  One laboratory had a PCR testing error which misidentified this strain 

as hippurate negative C. jejuni. 

 While fewer participants identified the C. lari (30%) and C. fetus (31%) strains to the 

species level, the majority of the participants (53-60%) did report these strains 

appropriately to the genus level based on the testing performed.   

 The public health significance of the non-jejuni species remains unclear as we have limited 

species-level surveillance data available on these species. The use of molecular testing can 

aid in the identification of Campylobacter species. If molecular testing is not available, 

ideally states should have the capacity to identify Campylobacter isolates as either C. 

jejuni, hippurate negative C. jejuni/ C. coli or Campylobacter species. Laboratories are 

always welcome to refer non-jejuni isolates to the CDC for species level identification or 

confirmation. 

 

 

 

 

 

 

 



2016 Escherichia/Shigella QA Program Summary 

 

Fifty-six laboratories submitted results for the Escherichia/Shigella panel.  The results obtained 

by these laboratories are summarized below.  Fourteen labs (25%) correctly identified and 

characterized all five strains with respect to genus/species, O antigen and Shiga toxin 

type/genotype for STEC, and genus/species (subgroup) and serotype for Shigella. 

 

Number of labs 
correctly 
determining… 

QA-041 QA-042 QA-043 QA-044 QA-045 

Escherichia coli Escherichia coli Escherichia coli 
Escherichia 
hermannii 

Shigella 
flexneri 

O26:H11 O121:H19 O45:H2 4a (IV:-) 

stx2, eae, ehxA stx1, stx2, eae, ehxA stx1, eae, ehxA ipaH 

Identification:  Genus 
and species 

56 56 56 48 53 

O antigen 47 48 48 NA 25 

O:H serotype 
(optional) 

6 5 4 NA  

Stx/stx presence 53 53 52 NA 21 

Stx/stx type (optional) 37 36 37 NA 13 

Presence of STEC 
virulence gene eae 
(optional) 

9 9 9 NA NA 

Presence of STEC 
virulence gene ehxA 
(optional) 

4 4 4 NA NA 

Presence of invasion 
marker ipaH 
(optional) 

NA NA NA NA 5 

Total 56 56 56  54 54 

NA = not applicable 

 

General Comments: 

 

Whole genome sequencing technology is advancing rapidly, and its implementation will allow 

public health laboratories to identify and extract a variety of subtype information from bacteria 

(O:H serotype, virulence and antimicrobial resistance genes as well as a variety of sequence-based 

subtypes) from their genome sequences.  Until this technology is fully implemented, we encourage 

laboratories to phenotypically determine the type of Shiga toxins produced (Stx 1 and Stx 2) and 

the O antigens of the top seven Shiga toxin-producing Escherichia coli (O26, O45, O103, O111, 

O121, O145 and O157) or the genes encoding these toxins (stx1 and stx2) and O antigens.  Ideally, 

labs should have the capacity to identify all Shigella to the genus and species (subgroup) level.  

We also encourage states to serotype Shigella isolates (determine the O antigen) because 

shigellosis is a nationally notifiable disease for which serotype information is collected through the 

Laboratory-based Enteric Disease Surveillance (LEDS) system.  Serotype results are helpful in 

monitoring trends and detecting clusters of infection due to serotypes other than S. sonnei.  If 



resources permit, please consider adding this testing to your enteric work-up. For laboratories 

whose budgets do not permit maintaining a large collection of Shigella typing antisera, 

performance of a PCR test for ipaH (a virulence gene on the invasion plasmid of Shigella/EIEC) 

is recommended.  Positive findings with the ipaH PCR would indicate an isolate is a suspect 

Shigella/EIEC which could be forwarded to CDC for further testing if it fails to agglutinate in the 

available Shigella antisera.  The ipaH PCR test is also a valuable screening tool for detecting 

Shigella in clinical specimens. 

 

QA-044 was included to highlight the serological cross-reactivity between some 

Enterobacteriaceae and E. coli antigens and the importance of not relying solely on serological 

tests without a definitive identification. This particular Escherichia hermannii strain is known to 

cross react with the O157 E. coli antigen.  Similar to Shiga toxin-producing E. coli O157, E. 

hermannii strains typically do not ferment sorbitol and are negative for β-glucuronidase activity; 

however, E. hermannii strains can be easily differentiated from E. coli by their growth in KCN, 

fermentation of cellobiose and yellow pigment production.   

 

Rice, E, EG Sowers, CH Johnson, ME Dunnigan, NA Strockbine and SC Edberg. 1992.  

Serological Cross-Reactions between Escherichia coli O157 and Other Species of the 

Genus Escherichia. J. Clin. Microbiol. 30(5):1315-1316. 

 

QA-045 was included to highlight an atypical biochemical reaction observed in some Shigella 

flexneri serotypes.  Typically mannitol fermentation is a useful test to differentiate the non-

fermenting Shigella dysenteriae from other Shigella species which are capable of fermenting 

mannitol.  It is important to note, however, that some strains of S. flexneri serotypes 4 and 6, as 

well as some S. boydii 14, can also be negative for this phenotype. 

 

 



2016 Salmonella QA Program Summary    

 

Fifty-eight laboratories submitted full serotype results for the Salmonella panel; the results are 

summarized below. Thirty-one labs submitted conventional serotyping results; 26 labs submitted 

both conventional and molecular serotyping results; and, one lab submitted only molecular results. 

 

# labs identifying 
the strain as: 

QA-046 QA-047 QA-048 QA-049 QA-050 

IIIa 48:z29:- Carrau 
I 13,23:b:- or 
Mississippi 

Sangalkam Hadar 

IIIa 48:z29:- I 6,14:y:1,7 
I 13,23:b:- or  
I 13,23:b:1,5 

I 9,46:m,t:- I 6,8:z10:e,n,x 

the expected 
serotype 

41 54 47 46 54 

a serotype other 
than the expected 

one 
6 1 1 9 1 

a monophasic 
variant 

0 0 0 0 1 

a nonmotile variant 2 0 0 0 0 

a diphasic reversion 0 0 5 0 0 

a partial serotype 4 2 2 2 2 

not identified, would 
refer to another lab 

5 1 3 1 0 

Total 58 58 58 58 58 

% expected 
serotype 

71 93 81 79 93 

 

Overall, 27 labs (46.6%) correctly serotyped all five strains. Among the 290 serotype 

determinations, 242 (83.4%) were the expected serotype and 18 (6.2%) were a serotype other 

than the expected one. Eight strains (2.8%) were identified as nonmotile, monophasic, or were 

found to have experienced a diphasic reversion; the remaining 22 strains (7.6%) were partially or 

not identified. 

 

QA-046 

 Species and subspecies identification are a crucial aspect of obtaining a full serotype. Five 

labs misidentified this isolate: three as S. enterica subspecies salamae (II), one as S. 

enterica subspecies houtenae (IV), and one as S. bongori. We recommend the following 

panel of phenotypic tests to differentiate among Salmonella species and subspecies: 

malonate and tartrate utilization; lactose, salicin, dulcitol, sorbitol, mucate, and 

galacturonate fermentation; and, beta-galactosidase and beta-glucuronidase production. 

  

QA-047 

 This isolate was included in the panel to get a sense of awareness of CDC’s 

recommendation to no longer test for ancillary antigens O24 and O25. The actual 



antigenic formula for QA-047 was I 6,14,25:y:1,7, which would make it serotype 

“Madelia”. According to the recommendations, this strain would be reported as serotype 

Carrau. This recommendation is discussed in a document entitled “Revised 

Recommendations for the Interpretation of Salmonella Serovar”. 

 This strain was also included in the 2015 QA program. This year, 41 labs reported this 

strain as serotype Carrau and nine labs reported it as serotype Madelia. In 2015, 34 and 22 

labs reported serotype Carrau and Madelia, respectively. 

 

QA-048 

 This isolate was included to highlight the potential variance between phenotypic and 

genetic serotyping results. This strain serotypes as I 13,23:b:- by phenotypic methods and 

as I 13,23:b:1,5 by genetic methods. This difference is likely due to most or all of the H1,5 

fljB allele being still present but not expressed.  

 

QA-049 

 All labs that performed molecular serotyping obtained the correct results for QA-049; a 

few labs misinterpreted the result. H:m,t is genetically and immunologically related to the 

G-complex and reacts with the G-complex probe. G-complex probe positive does not 

necessarily translate to H:g positive. H antigen “m” in the Kauffmann-White Scheme is 

actually two distinct epitopes that are differentiated with probes H:m/g,m and H:m/m,t. 

The molecular serotyping results G-complex+, H:m/m,t+, and H:t-1+ should be 

interpreted as H m,t. 

 Five labs reported this strain as serotype Pensacola (I 9,12:m,t:-). Whether performing 

conventional or molecular serotyping, serotypes within serogroups O9 (D1), O9,46 (D2), 

and O9,46,27 (D3) should be further characterized for O antigens O9, O46, and O27. 

Monospecific reagents targeting O9, O46, and O27 are available free of charge for the 

purpose of national surveillance.  

 

QA-050 

 This isolate was included to highlight CDC’s recommendation to no longer test for O6. 

Despite not testing for it, O6 should be included in the antigenic formulae for historic 

purposes and consistent nomenclature (analogous to O12) and the name of the more 

common serovar of the O6+/O6- pair should be reported. This recommendation is 

discussed in a document entitled “Revised Recommendations for the Interpretation of 

Salmonella Serovar”. 

 

Standard nomenclature for serotype formulas 

 The use of non-standard antigenic formulas to represent Salmonella serotypes continues 

to be a problem. We understand that including all relevant antigens in the formula is not 

necessary for those that understand Salmonella serotyping. Given the complicated nature 

of Salmonella serotype designations and to try to improve understanding, we think it is 

important to use clear, correct, consistent nomenclature according to the Kauffmann-

White Scheme. 

 O antigen designations should include the group antigens that are common to all serotypes 

within an O group even though they are longer routinely tested for, such as O6 which is 



present in all Group O7 serotypes and O12 which is present in all Groups O2, O4, and O9 

serotypes. 

 For H antigen complexes, the primary complex antigen should be listed. For example, 1 

complex antigens should include all epitopes, e.g. “1,6,” not just “6.” Antigenic factors 

within an antigenic formula are separated by a comma, e.g., m,t; e,n,x. 

 Distinct phases within an antigenic formula are separated by colons, e.g., I 6,8:z10:e,n,x, 

and not spaces, commas, or parentheses. 

 Include the subspecies, represented by Roman numeral, at the beginning of an antigenic 

formula, e.g., I 6,14:y:1,7. 

 The current version of the Kauffmann-White Scheme can be found at: 

https://www.pasteur.fr/sites/www.pasteur.fr/files/wklm_en.pdf  

 

Please contact Salmonella@cdc.gov with any questions regarding these results, to request a copy 

of “Revised Recommendations for the Interpretation of Salmonella Serovar”, or for information 

on ordering Salmonella antisera. 
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2016 Yersinia and other Enterobacteriaceae QA Program Summary  

Fifty-seven laboratories submitted results identifying one or both isolates for the Yersinia and other 

Enterobacteriaceae panel. The detailed results for the individual isolates are given below.  

 

All laboratories that submitted worksheets included phenotypic testing in their workflow, with API 

being the most commonly used platform. MALDI-TOF results were submitted by nine laboratories to 

supplement phenotypic testing. MALDI-TOF returned the correct identification for Proteus mirabilis 

in all nine laboratories, and Yersinia enterocolitica was correctly identified in six of seven 

laboratories. The seventh laboratory did not include any printouts and simply reported “Yersinia” for 

MALDI-TOF results.  

 

QA-051: Yersinia enterocolitica.  A total of 56 laboratories submitted results for QA-051; all 

laboratories (100%) correctly identified the isolate as a Yersinia. Forty-nine laboratories (87%) 

correctly identified it as Yersinia enterocolitica and 3 identified it as “Yersinia enterocolitica group.” 

The remaining four laboratories identified it as “Yersinia spp.” (2), Yersinia frederiksenii/intermedia 

(1) or Y. frederiksenii (1).  

 

QA-052: Proteus mirabilis.  

A total of 55 laboratories submitted results for QA-052; 48 laboratories (87%) correctly identified the 

isolate as a Proteus. Of these, 39 laboratories (71%) correctly identified the isolate as Proteus 

mirabilis, one laboratory submitted "atypical Proteus likely mirabilis" and one laboratory submitted 

“Proteus mirabilis or P. penneri” as a result. Three laboratories identified only to genus Proteus, 

three laboratories reported Proteus penneri and one laboratory reported Proteus vulgaris.  Of the 

laboratories that did not classify the isolate into the correct genus, 3 identified it as Providencia 

stuartii, one laboratory reported Morganella morganii and one laboratory could not differentiate 

between Morganella, Providencia and Proteus. The remaining two laboratories either ruled out 

major pathogens but did not identify the isolate, or stated they would refer the isolate to the CDC.  

 

Yersinia and other Enterobacteriaceae isolates can be sent to CDC (Unit 16) for identification as 

needed.  The National Enteric Reference Laboratory has determined the performance characteristics 

of sequencing a segment of the rpoB gene for enteric bacterial identification. The gene segment is 

useful for identification of Yersinia and many other Enterobacteriaceae. 

 

 


