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A newly developed PCR-based assay for the H7 variant of the Escherichia coli flagellin gene, fliC, was 100%
sensitive and specific in comparison with serology and probe hybridization. It revealed broad conservation of
the H7 fliC variant among phylogenetically diverse lineages of extraintestinal pathogenic E. coli (ExXPEC) and
superseded serotyping for certain isolates with ambiguous or non-H7 serotyping results. The H7 primers
functioned well when incorporated into a multiplex PCR assay for diverse virulence-associated genes of ExXPEC.

The H7 flagellar variant of Escherichia coli recently has
received increasing attention because of its diagnostic impor-
tance with respect to E. coli O157:H7 (8, 9, 25, 29, 31), the
major cause of hemorrhagic colitis and hemolytic-uremic
syndrome in the industrialized world (6, 32, 33). Inconsistent
expression of the H7 antigen and the technical difficulties as-
sociated with H antigen serotyping have led to interest in
PCR-based assays for detection of the H7 allele of the E. coli
flagellin gene, fliC (8, 9, 25). Three such assays have been
reported. One involves amplification of the entirety of fliC
using consensus primers based on the conserved 5’ and 3’
extremes of fliC, with H7 specificity obtained via a subsequent
restriction digestion step (8). The other two assays utilize H7-
specific primers based on unique regions within the internal
variable portion of fliC that presumably encode H7-specific
antigenic epitopes (9, 25). All three assays are highly sensitive
and specific for detection of the H7 fliC variant among E. coli
0O157:H7 and O55:H7 isolates, as well as in certain nonmotile
(hence H antigen-negative) shigatoxigenic E. coli isolates of
serotype O157 that presumably contain, but fail to express, fliC
(8,9, 25).

However, the H7 flagellar antigen also characterizes several
familiar “virulent clones” of extraintestinal pathogenic E. coli
(ExPEC) (21, 27, 30). These include E. coli O1:K1:H7 and
02:K1:H7, serotypes traditionally associated with pyelonephri-
tis and sepsis (16, 21, 27), and E. coli O18:K1:H7, a serotype
traditionally associated with neonatal bacterial meningitis and
neonatal sepsis but recently shown to be highly prevalent also
in uncomplicated cystitis in adult women (1, 4, 12, 15, 21, 22).
Although an E. coli O1:H7 isolate (strain U5-41) actually was
the source of the first published H7 fliC sequence (31), all
three studies of PCR-based detection of the H7 fliC variant
have focused on diarrheagenic E. coli, with scant attention
given to EXPEC (8, 9, 25). In these studies the only putative
ExPEC isolates examined were of serotypes O1:H7 and O18:
H7. No information regarding K antigens was provided, few
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examples of each serotype were analyzed, and the clinical
sources of the isolates were not specified (8, 9, 25).

In the present study we designed and validated an H7-spe-
cific fliC PCR assay based on primers that could be incorpo-
rated into our established broad-range multiplex PCR assay
for putative virulence factors (VFs) of ExPEC (11, 19). We
then used the PCR assay to assess the fliC status of diverse
human clinical EXPEC isolates that had not been H serotyped
or that had yielded ambiguous or suspect H antigen results and
that, because of clonal background or VF profile, were thought
possibly to be members of an H7-positive EXPEC clonal group.

Strains and serotypes. One hundred fifty-five independent
E. coli isolates representing diverse H7-associated lineages and
35 non-H7 H antigens were obtained from various published or
unpublished collections, predominantly of human extraintesti-
nal infection isolates. Twelve were urosepsis isolates from
adults (16, 19). Twelve were (unpublished) E. coli O157:H7
diarrhea isolates, provided by the Minnesota Department of
Health. Twelve were (unpublished) neonatal meningitis iso-
lates, provided by L. Spanjaard (Academic Medical Center,
Amsterdam, The Netherlands). Thirteen were (unpublished)
urine or fecal isolates from men with febrile urinary tract
infection, provided by P. Ulleryd (University of Goteborg,
Goteborg, Sweden) and F. Scheutz (Escherichia and Klebsiella
Centre [World Health Organization], Copenhagen, Denmark).
Twenty were diverse-source bacteremia isolates, provided by J.
Maslow (Philadelphia VA Medical Center) (23). Seventeen
were cystitis isolates from adult women, provided by A. Staple-
ton (Seattle, Wash.) (15, 17, 35) or C. Kunin (Ohio State
University, Columbus) (12, 22). Seven were human urinary
tract infection isolates, provided by T. Whittam (Pennsylvania
State University, University Park) (37). Seven were pediatric
cystitis isolates, provided by C. Johnson (Denver Children’s
Hospital) (14).

Pyelonephritis isolates 536 (O15:K52:H31) (3), CFT073
(06:K2:H1) (24), and J96 (O4:K-:H5) (18) were obtained,
respectively, from G. Blum-Oehler (Universitat Wurzburg), H.
Mobley (University of Maryland, Baltimore), and B. Minshew
(formerly of University of Washington, Seattle). Urinary tract
infection isolates SP57 and SP88 (O157:K-:H45) (7, 20) were
obtained from H. de Ree (Duphar BV, Weesp, The Nether-
lands). O18:K1:H7 neonatal meningitis isolates RS218 (1), C5
(4,5), H16 (34), and IHE3034 (28) were obtained, respectively,
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from K. S. Kim (Johns Hopkins University, Baltimore, Md.),
R. Bortolussi (Dalhousie University, Halifax, Nova Scotia,
Canada), R. Darveau (University of Washington), and T. Kor-
honen (University of Helsinki, Finland; via K. S. Kim). The
Escherichia coli Reference collection (26) was obtained from
several sources, including H. Ochman (University of Arizona,
Tucson) and the American Type Culture Collection (Manas-
sas, Va.) (11). Strains were maintained at —70°C until use.

O, K, and H antigens for these strains (as available) were as
previously published or as communicated by the providers of
the strains. Serotyping had been done by the E. coli Reference
Center (University Park, Pa.), the International Escherichia
and Klebsiella Centre (World Health Organization) (Copenha-
gen, Denmark), the Ontario Ministry of Health laboratory
(Toronto, Ontario, Canada), The Netherlands Reference Lab-
oratory for Bacterial Meningitis (Amsterdam, The Nether-
lands), the Health Canada Guelph Laboratory (Guelph, On-
tario, Canada), or the Minnesota Department of Health
(Minneapolis), depending on the source. Nonmotile strains
were designated NM, those that were H untypeable were des-
ignated HU, and those reacting with multiple (more than
three) H-specific antisera were designated HM.

For many of the strains, clonal associations had been defined
previously by multilocus enzyme electrophoresis or random
amplified polymorphic DNA analysis, and virulence genotypes
were known, including for the K1 variant of capsule synthesis
genes kpsMT 1I (unpublished data; 10-13, 15, 23, 37). This
allowed certain strains to be classified as putative members of
characteristically H7-associated clonal groups, e.g., E. coli
O18:K1:H7, as previously described (12, 15).

For validation of the H7 PCR assay, positive controls in-
cluded all 35 H7-seropositive isolates, whereas negative con-
trols included all 45 strains that putatively expressed one or
more specific H antigens other than the H7 antigen and that
were not suspected of belonging to a characteristically H7-
associated clonal group. The 75 test strains (unknowns) to
which the validated H7 PCR assay was applied included eight
presumably non-H7 E. coli O157 extraintestinal infection iso-
lates plus 67 non-O157 isolates that were considered candi-
dates for containing the H7 fliC variant based on clonal back-
ground and/or virulence genotype but for which the H antigen
status had not been assessed, was ambiguous (because of the
strain’s reported NM, HU, or HM status), or putatively in-
cluded only non-H7 H antigens.

Primer design and PCR conditions. H7 primers were se-
lected based on the published fliC sequence from E. coli O1:H7
strain U5-41 (GenBank accession no. L07388) (31), in com-
parison with other sequenced fliC variants (29, 31). Selection
criteria for H7 specificity included (i) location within the in-
ternal variable region of fliC, (ii) conservation among all se-
quenced H7 fliC variants (29), and (iii) absence of homology
with known non-H7 fliC variants. Selection criteria for com-
patibility with our multiplex VF PCR assay included (i) a high
predicted annealing temperature (11, 19), (ii) absence of
complementarity with other primers in one of the primer pools
in our multiplex PCR assay, and (iii) generation of an amplicon
whose size was sufficiently different from those of amplicons
generated by other primers in the pool to allow visual resolu-
tion of multiple PCR products in the same lane in agarose gels.

The primers selected, H7f (5'-ACGATGCAGGCAACTTG
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FIG. 1. H7-specific fliC primers as part of a multiplex VF PCR
assay. VF-specific PCR products (lane 2), labeled as to gene and size
(base pairs), were amplified simultaneously in a single PCR using
primer pool IV, which contains eight primer pairs (two pairs for cdtB,
which yield products of the same size, plus one pair each for the other
six genes). The template DNA contained all seven genes of interest.
Lane 1 (M),100-bp molecular weight ladder.

ACG-3'; nucleotides 941 to 960) and H7r (5'-GGGTTGGTC
GTTGCAGAACC-3'; nucleotides 1487 to 1468), yielded a
single robust ~550-bp product from boiled-lysate template
DNA, with amplification conditions as previously described for
our multiplex VF PCR assay (19). Briefly, these involved 25-ul
reaction mixtures containing (final concentrations or amounts)
MgCl, (4 mM), deoxynucleoside triphosphates (400 wM each),
primers (0.6 pM each), Tag polymerase (1.25 U), and 2 nl of
boiled-lysate template DNA. Amplification involved 25 cycles
(following an initial 12-min denaturation at 95°C) of 94°C for
30 s, 63°C for 30 s, and 68°C for 3 min, followed by 72°C for 10
min, and then a hold at 4°C.

The new H7 primers were next incorporated into primer
pool IV of our multiplex VF PCR assay (19), which as cur-
rently formulated includes primers specific for gafD (952 bp),
cvaC (679 bp), cdtB (430 bp), focG (364 bp), traT (290 bp), and
papG allele II (190 bp). With positive-control template DNA
containing each of these genes plus the H7 fliC variant, mod-
ified primer pool IV (now containing eight primer pairs, i.e.,
two pairs for cdtB [19] plus one pair each for the other six
genes) generated the predicted seven discrete amplicons, in-
cluding the H7 fliC product. The seven amplicons were readily
resolved by size when run together in the same lane of an
agarose gel (Fig. 1).

All assays were done in duplicate using boiled lysates that
were prepared independently from separate colonies of each
isolate. Discrepant results were investigated with additional
determinations as needed.
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TABLE 1. H7 fliC status of 155 predominantly extraintestinal E. coli isolates

Category (no.)* Clonal group” H antigen® Clinical source? No. of isolates No. of H7 fliC-positive isolates®
H7-positive control (35) O18:K1:H7 H7 b, c, m 7 7
O1:K1:H7 H7 b 6 6
02:K1:H7 H7 b 4 4
06:K53:H7 H7 b, i 2 2
015/45:K1:H7 H7 i 1 1
023:K1:H7 H7 i 1 1
075:K-H7 H7 i 1 1
0O157:H7 H7 d 12 12
0O55:H7 H7 f 1 1
H7-negative control (45) Various Various’ b,c fi,p 45 0
H unknown (75) O18:K1:(H7) Not tested c,f,m,u 13 12
HU b,c, u 7 7
HM c 3 3
NM b, u 3 3
Non-H78 c, f,u 10 7
02:K1:(H7) HU b 4 3
NM b 1 1
Non-H7" f,p 2 0
O1:K1:(H7) Not tested m 2 2
HU b 1 1
012,016:K1 Various’ c 5 0
016:K1 Various’ b 4 0
O1:K1:H- NM b, f 4 4
O7:K1:H- NM a,c f,m,p 6 0
0-K1 Not tested m 2 1
0157 (non-H7) Various/ ¢, b, u 8 0

¢ Positive controls, H7-seropositive isolates, negative controls, isolates seropositive for one or more specific non-H7 H antigens and not suspected of belonging to
an H7-associated clonal group; unknown, isolates with H antigen not tested, absent, indeterminate, or other than H7 (if the strain was suspected of belonging to an

H7-associated clonal group or was an extraintestinal O157 isolate).

b Clonal groups all represent E. coli phylogenetic group B2 except O157:H7 and O55:H7 (ungrouped lineages); O1:K1:H-, O7:K1:H-, and O157:(non-H7)

(phylogenetic group D); and O-:K1 (non-group B2, non-O7:K1:H-).

¢ HU, H untypeable; HM, H multiple; NM, nonmotile; non-H7, specific H antigen(s) other than H7.
4 Clinical source codes: a, asymptomatic bacteriuria; b, bacteremia; c, cystitis; d, diarrhea; f, feces (healthy host); i, invasive (febrile) male urinary tract infection; m,
neonatal meningitis; p, pyelonephritis; u, urinary tract infection (syndrome not otherwise specified).

¢ Probe hybridization and PCR yielded concordant results.

/Non-H7 antigens (n = 35) included 1 to 6, 8 to 12, 14 to 18, 21, 23, 25, 27 to 32, 38, 40, 41, 43 to 45, 48, 49, 53, and 56.
¢ H antigens 1, 15, 23, 24, and 32. All but the three O18:H1 strains, from ET 4 of Whittam et al. (37), were H7 fliC positive.

f‘ Both strains were 02:K1:H4 (ECOR 61 and 62) (2, 11).
*HU (three isolates), NM (four isolates), and H48 (two isolates).

/H not tested (one isolate), HU (one isolate), HM (two isolates), H45 (three isolates), and H32 (one isolate).

Probe hybridization. To genetically confirm the sensitivity
and specificity of the new H7 primers, the fliC amplicon from
an O157:H7 positive-control strain was labeled with digoxige-
nin by PCR as previously described (17) and used as a probe in
dot blot hybridization assays, which were done under stringent
conditions, as previously described (17, 19).

Restriction fragment length polymorphism (RFLP) analysis
of PCR products. To further confirm the H7 specificity of
amplicons generated from the unknown strains and to assess
fliC sequence diversity among all H7-positive E. coli isolates,
H7 fliC PCR products were restricted with Hincll and, for
selected isolates, with Rsal. Buffers and conditions were as
specified by the manufacturer (New England Biolabs, Beverly,
Mass.). Restriction fragments were resolved by size using aga-
rose gel electrophoresis. As a negative control, the ~510-bp
bmaE PCR product from control strain IHE11165 (19) was
similarly analyzed.

Observed sensitivity and specificity of H7 PCR assay.
Among the control strains the newly designed H7-specific
primers were 100% sensitive and specific for the H7 fliC vari-
ant (Table 1). They detected all 35 positive-control strains,
including 22 human ExPEC isolates representing seven differ-

ent O:K:H serotypes and four different clinical syndromes, 12
isolates of E. coli O157:H7 from patients with diarrhea, and an
E. coli O55:H7 isolate (ECOR 37) (Table 1; Fig. 2). In con-
trast, they failed to amplify fiC from the 45 negative controls,
which collectively expressed 35 unique non-H7 H antigens
(Table 1; Fig. 2). Dot blot hybridization with a DNA probe
generated from the H7 fliC amplicon yielded complete con-
cordance with H7 fliC PCR (not shown).

Determination of H7 fliC analysis of unknown ExPEC iso-
lates. We next used the H7 PCR assay to evaluate the fliC
status of 75 additional E. coli strains, predominantly human
clinical extraintestinal isolates. Eight of these strains were E.
coli O157 extraintestinal infection isolates that were expected
to be H7 fliC negative since, unlike E. coli O157:H7, they were
from phylogenetic group D (not shown), contained ExPEC-
associated VFs (not shown), had caused extraintestinal infec-
tions (Table 1), and in some instances had been typed as
positive for H antigens other than H7 (Table 1) and/or as
negative for Shiga toxin production (not shown). All eight
proved to be H7 fliC negative by PCR, which was confirmed by
probe hybridization (Table 1).

On the basis of other characteristics (e.g., O:K serotype,
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FIG. 2. PCR detection of the H7 fliC variant in phylogenetically
diverse E. coli lineages. Thirty-five H7-positive control isolates from
various H7-associated clonal groups were uniformly positive for the
547-bp H7 fliC PCR product (lanes 2 to 5), whereas 45 negative-
control strains representing 35 other H types were uniformly negative
(lanes 7 to 10). Among 75 unknown strains (lanes 12 to 17), all rep-
resentatives of the O1:K1:H- clonal group were H7 fliC positive (lane
12), whereas all O7:K1:H- strains were H7 fliC negative (lane 13).
Most strains of uncertain H status that were suspected of being mem-
bers of the O18:K1:H7 clonal group were H7 fliC positive, whether
they had been typed as having another H antigen (lane 14), as having
multiple H antigens (lane 15), or as being H untypeable (lane 16) or
were nonmotile (lane 17). Similar results were obtained for unknown
strains putatively representing the O1:K1:H7 or O2:K1:H7 clonal
groups (not shown). M, 100-bp molecular weight ladder (lanes 1 and
18).

multilocus enzyme electrophoresis- or PCR-derived phylotype,
and virulence genotype), the remaining 67 unknown strains
were considered likely to be members of potentially H7-posi-
tive clonal groups of EXPEC (Table 1). For these strains the H
antigen had not been determined, was ambiguous (i.e., NM,
HM, or HU), or was putatively not H7. Forty-six of these 67
strains were from the O1:K1, O2:K1, or O18:K1 clonal group
of E. coli phylogenetic group B2 (Table 1). Thirty-nine (85%)
of the 46 strains proved to be H7 fliC positive by both PCR and
probe hybridization, whereas the remaining 7 were concor-
dantly H7 fliC negative (Table 1; Fig. 2). The 39 H7 fliC-
positive isolates included 12 of 13 that previously had not been
tested for the H antigen, 19 of 20 that had been H typed as
NM, HM, or HU, and 7 of 12 that had been assigned one or
more specific H types other than H7. Among the last 12 strains,
the 5 isolates previously serotyped as H1 (representatives of
ET 4, described by Whittam et al. [37]; putatively O18:K1) or
H4 (ECOR 61 and 62; putatively O2:K1 [2, 11]) were the only
ones found to be H7 fliC negative. In contrast, those that had
been serotyped as H15, H23, H24, or H32 were H7 fliC positive
(Fig. 2).

Nine other unknown strains represented the 012,016:K1
and O16:K1 clonal groups of phylogenetic group B2, which are
genetically distinct from E. coli O1:K1, O2:K1, and O18:K1
(unpublished data). Although these serotypes are not associ-
ated with the H7 antigen, many members are nonmotile, leav-
ing open the possibility of a silent copy of the H7 fliC variant.
However, all nine strains proved to be H7 fliC negative by both
PCR and probe hybridization (Table 1).

We next evaluated the H7 fliC status of eight nonmotile or
“H not tested” E. coli K1 isolates from phylogenetic groups
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other than group B2 that on the basis of their K1 status we
considered candidates for containing a silent copy of the H7
fliC variant (Table 1). All four of the O1:K1:H- isolates tested
(including ECOR 35 and 36; phylogenetic group D [10]) were
H7 fliC positive, whereas all six O7:K1:H- isolates tested (in-
cluding ECOR 38 to 41; also phylogenetic group D [10]) were
H7 fliC negative (Table 1; Fig. 2). Of the two O-:K1:(H not
tested) neonatal meningitis isolates from The Netherlands,
which according to PCR-based phylotyping were non-group B2
and non-O7:K1, one was H7 fliC positive (Table 1). For all
eight of these strains, H7 PCR and probe hybridization yielded
concordant results.

Conservation of H7 fliC in diverse lineages. To assess H7
fliC sequence diversity, the H7 fliC amplicons from all H7
PCR-positive isolates were subjected to RFLP analysis with
Hincll. All amplicons yielded a uniform two-band RFLP pat-
tern (estimated fragment sizes, 392 and 155 bp; data not
shown). Selected H7 fliC amplicons also were restricted with
Rsal, which in previous studies has demonstrated diversity
among H7 fliC variants from H7-positive E. coli isolates of
diverse O serogroups (8, 9). Representatives of each of the
H7-associated clonal groups in the present study yielded a
uniform three-band Rsal RFLP pattern (estimated fragment
sizes, 285, 196, and 74 bp: data not shown). Taken together,
these findings demonstrate broad conservation of H7 fliC se-
quence across the species within the region flanked by the new
H7-specific primers.

Implications of findings. In the present study we developed
and validated a novel PCR-based assay for the E. coli H7 fliC
variant and then used the assay to assess the fliC status of
diverse (predominantly extraintestinal) wild-type E. coli iso-
lates. The assay was simple to use and interpret. Among vali-
dation set strains it was 100% sensitive and specific in com-
parison with both serology and probe hybridization. It revealed
broad conservation of fliC among phylogenetically diverse lin-
eages of E. coli, including certain familiar virulent clones of
ExPEC, and provided novel evidence of a serologically unap-
parent copy of the H7 fliC variant in members of the (group
D-derived) O1:K1:H- clonal group. It superseded serotyping
by identifying as H7 positive certain strains that yielded am-
biguous H antigen results or in which only H antigens other
than H7 had previously been identified. The primers also were
successfully incorporated into an established multiplex PCR
assay for virulence genes of EXPEC.

Our assay represents the fourth reported PCR-based assay
capable of detecting the H7 fliC variant of E. coli (8, 9, 25).
Like two previously described assays (9, 25), for H7 specificity
the new assay relies on detection of unique sequences within
the internal variable portion of fliC. Its novelty lies in the use
of primers that are compatible with our multiplex PCR assay
for extended virulence genotyping of EXPEC (19). This permits
the addition of the (extraintestinal virulence-associated) H7
fliC variant to the already-broad array of virulence-associated
genes or their alleles (n = 34) that our VF assay can simulta-
neously detect (11, 19).

The H7 PCR assay was fully sensitive and specific, compared
with serological detection of the H antigen (control strains) or
probe detection of the H7 fliC variant (total population). This
confirms the technical adequacy of the assay for diagnostic and
molecular-epidemiology purposes. At a more fundamental
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level, the assay’s precise specificity demonstrates that, in addi-
tion to the selected primer-binding sites, the intervening fliC
region, which was used as an H7-specific probe, is indeed
specific for the H7 allele of fliC. Conversely, the assay’s high
degree of sensitivity, as demonstrated by the detection of the
H7 fliC variant among all H7 sero- or probe-positive strains,
irrespective of clonal background, provides additional evi-
dence that the H7 fliC variant is broadly conserved across the
species. Supporting this conclusion were the uniform Hincll
and Rsal RFLP profiles obtained for H7 fliC amplicons irre-
spective of clonal origin.

Cross-lineage conservation of the H7 fliC variant has been
suggested previously by the high level of nucleotide identity
between H7 fliC variants from E. coli O157:H7 and O55:H7, E.
coli O1:H7, and E. coli O128:H7 (9, 29, 31) and the ability of
H7-specific primers to generate fliC amplicons from H7-posi-
tive strains of diverse O types (9). However, the only published
direct evidence of conservation of fliC across phylogenetic
boundaries involved a single O128:H7 diarrhea isolate (DEC
13a), in comparison with multiple E. coli O157:H7 diarrhea
isolates (29, 36). On the contrary, the undefined phylogenetic
origin of the single O1:H7 strain for which the fliC sequence is
available (31) and the previously noted diversity of Rsal fliC
RFLP patterns among various H7-positive strains (8, 9) have
left uncertainty as to the degree of sequence conservation
among fliC variants from different E. coli lineages. The broad
phylogenetic conservation of the H7 fliC variant demonstrated
here strongly supports horizontal transfer of fliC, rather than
convergent evolution, as the explanation for the occurrence of
the H7 antigen in distantly related lineages of E. coli (29). Our
data confirm that this applies to EXPEC as well as to diarrhea-
genic E. coli pathotypes (29).

The present study provides the first assessment of the ability
of a PCR or probe hybridization assay to detect the H7 fliC
variant among well-defined clonal groups of EXPEC. The Ex-
PEC lineages we found to contain the H7 fliC variant include
several from E. coli phylogenetic group B2, i.e., E. coli O1:K1:
H7, O2:K1:H7, O18:K1:H7, 06:K53:H7, O15/45:K1:H7, O23:
K1:H7, and O75:K-:H7, and one from phylogenetic group D,
i.e., E. coli O1:K1:H-. In contrast, members of two other group
D-derived ExPEC clonal groups, i.e., O7:K1:H- and O157:
(non-H7), were consistently H7 fliC negative.

The new PCR assay detected the H7 fliC variant in most
strains that for various reasons were predicted to possibly be
H7 but which had not been H typed, that had yielded ambig-
uous H serotypes (i.e., NM, HU, or HM), or that ostensibly
expressed only non-H7 H antigens. Detection of the H7 fliC
variant in nonmotile strains has been described previously for
E. coli O157:H- (8, 9, 25, 29). However, such analysis has been
reported for only eight nondiarrheagenic E. coli isolates, none
of which presumably represented EXPEC (8, 25). Likewise,
detection of the H7 fliC variant in H-untypeable strains has
been assessed for E. coli O157 (five isolates) (21) and certain
other non-ExPEC serogroups (three isolates) (17), but not for
ExPEC-associated serogroups (8, 25). Thus, our detection of
the H7 fliC variant among candidate O18:K1:H7 or O2:K1:H7
isolates that were nonmotile (5 of 5 isolates) or that had been
serotyped as HU (10 of 11 isolates) is novel. We likewise
confirmed as H7 fliC positive all 3 suspected O18:K1:H7 iso-
lates that carried the ambiguous designation HM and 7 of the
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10 O18:K1 isolates that putatively expressed only non-H7
flagellar antigens. Although the presence of the H7 fliC variant
is not necessarily inconsistent with a non-H7 phenotype, the
most plausible explanation for these discrepancies is false se-
rotype results. Taken together, our findings suggest that PCR-
based H7 genotyping is actually more accurate than H sero-
typing for identifying H7-positive strains.

In summary, we devised and validated a novel PCR-based
assay for the E. coli H7 fliC variant that proved to be 100%
sensitive and specific in comparison with both serology and
probe hybridization. The assay revealed broad conservation of
the H7 fliC variant among phylogenetically diverse lineages of
E. coli, including certain familiar virulent clones of EXPEC,
and provided novel evidence that the H7 fliC variant is char-
acteristically present in E. coli O1:K1:H-. It superseded sero-
typing by confirming as H7 positive certain strains with ambig-
uous H antigen results or for which only non-H7 H antigens
had previously been identified. The H7 primers were success-
fully incorporated into an established multiplex PCR assay for
virulence genes of EXPEC and functioned well in combination
with seven other primer pairs. The new H7 fliC PCR assay
should make H7 “molecular serotyping,” with or without de-
tection of additional EXPEC virulence factors, available to any
laboratory equipped for diagnostic PCR.
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