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Abstract. To evaluate the performance of enterobacterial repetitive intergenic sequence-based polymerase chain
reaction (ERIC-PCR) typing versus the current standard for the typing of Shigella pulsed gel electrophoresis (PFGE),
we typed 116 Shigella isolates from a village in an endemic setting over a 20-month period using both methods. PFGE
identified 37 pulse types and had a discrimination index of 0.925 (95% confidence interval = 0.830–1.00), whereas ERIC-
PCR identified 42 types and had a discrimination index of 0.961 (95% confidence interval = 0.886–1.00). PFGE and
ERIC-PCR showed a 90.4% correlation in the designation of isolates as clonal or non-clonal in pairwise comparisons.
Both systems were highly reproducible and provided highly similar and supplementary data compared with serotyping
regarding the transmission dynamics of shigellosis in this community. ERIC-PCR is considerably more rapid and
inexpensive than PFGE and may have a complementary role to PFGE for initial investigations of hypothesized out-
breaks in resource-limited settings.

INTRODUCTION

Members of the genus Shigella are non-motile gram-negative
bacilli that are classified into four species groups: Shigella
dysenteriae (group A; 12 serotypes), Shigella flexneri (group B;
10 serotypes), S. boydii (group C; 18 serotypes), and S. sonnei
(group D; 1 serotype). Shigella is currently a serious burden on
the health of children in impoverished regions and a significant
cause of severe diarrhea in travelers1,2 and military person-
nel.3,4 The organism has a very low infectious dose, a well-
documented ability to cause sustained outbreaks from a wide
variety of sources, and high rates of infection among close
contacts. Outbreaks, either intentional (like a contamination
event in the United States)5 or non-intentional (such as the
outbreak in Rwanda in 1994),6 cause severe disease and are
difficult to control. Rapid and accurate typing of patient iso-
lates is necessary to understand transmission dynamics and
control the spread of disease.
A wide variety of typing systems have been used to examine

and compare isolates of Shigella species for outbreak investi-
gation and taxonomic characterization. Previously used meth-
ods include biotyping; phage typing; plasmid analysis with or
without endonuclease restriction; antibiotic sensitivity profiles;
serotyping, ribotyping; restriction fragment length polymor-
phisms (RFLPs) of genomic target sequences of IpaH,7 mglB,
and gnd8; DNA hybridization strategies for plasmid and
chromosomal elements9; multiplex polymerase chain reaction
(PCR) of the O antigen gene cluster10; pulsed-field gel electro-
phoresis (PFGE)9; PCR amplification of enterobacterial
repetitive intergenic sequences (ERIC-PCR)11 or repetitive
extragenic palindromic elements (REP-PCR)12; and randomly
amplified polymorphic DNA (RAPD-PCR).13 Additionally,
colicin typing has been used for S. sonnei. In general, genomic-
or chromosomal-based strategies are preferred over plasmid
typing strategies, because plasmids may be lost. We chose to
compare ERIC-PCR with the standard typing strategy for
gram-negative enterics because of favorable assessment of dis-
criminatory ability compared with PFGE in a small previous

study typing 20 S. sonnei isolates.11 ERIC-PCR is easier to
perform, faster, and requires significantly less specialized
equipment and reagents compared with PFGE. We compared
the two tests on a diverse set of isolates representing all four
major serogroups from an area where shigellosis is highly
endemic. The success of ERIC-PCR as a simplified typing
strategy for a wide and progressively expanding number of
organisms makes this strategy a tenable one for hospital-based
epidemiology or regional epidemiology, where a highly repro-
ducible typing strategy that requires minimal disease-specific
reagents is a desirable feature.

MATERIALS AND METHODS

Bacterial isolates. Shigella isolates for typing were obtained
from children with diarrhea and their household contacts in a
single rural village with a population of 3,543 individuals in
the Peruvian Amazon, where shigellosis in highly endemic
(this village is under active surveillance for diarrheal dis-
ease).14 All isolates underwent standard biochemical testing
and were typed into serogroups. Shigella B (flexneri) isolates
were then serotyped. All serological typing was performed
using Denka-Seiken antisera (Tokyo, Japan). The 116 isolates
selected for testing were a convenience sample from a refer-
ence library of 218 strains collected in a 20-month period.
Shigella isolates were characterized as being derived from
uncomplicated diarrhea (non-dysenteric) if the individual
had three or greater unformed or liquid stools in a 24-hour
period, dysenteric diarrhea if the patient met the case defini-
tion for diarrhea and the laboratory technician noted the
presence of gross blood in an unformed stool of a participant
meeting the case definition of diarrhea, and asymptomatic if
derived from a participant who did not meet the case defini-
tion for diarrhea at the time that the sample was given. All
patients who participated in the study did so with informed
consent, and the research protocol was reviewed and
approved by human research review committees at the Johns
Hopkins Bloomberg School of Public Health, Asociación
Benéfica PRISMA, and the US Navy Medical Research Unit
in Lima, Peru in compliance with all applicable federal regu-
lations governing the protection of human subjects.
ERIC-PCR. Single colonies were streaked out on tryptic soy

agar (TSA) and grown out overnight; 5–10 colonies were transferred,
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and DNA was extracted using the standard tissue protocol of

QIAampDNAmini kit (Qiagen, Valencia, CA) with a lysis time

of 5 hours. DNA was quantified using a l-marker (Invitrogen,

Carlsbald, CA) to titrate to 15 ng target DNA. Quantification of

DNA enhanced reproducibility and the number of bands pro-

duced. DNA was added to a reaction mixture of 1 U recombi-

nant Taq polymerase (Invitrogen, Carlsbald), 20 mM Tris·HCl

(pH 8.4), 50 mM KCl, 2.5 mM MgCl2 (Gibco), 250 mM each

deoxynucleotide triphosphates, 0.5 mM primer ERIC 15¢-
GTGAATCCCCAGGAGCTTACAT-3¢, and water for a

total reaction volume of 50 mL. The amplification program

used was the program by Liu and others11 with denaturation

at 95°C for 5 minutes; 4 cycles of low stringency amplification

at 94°C for 1 minute, 26°C for 1 minute, and 72°C for

2 minutes; 40 cycles of higher stringency at 94°C for 30 sec-

onds, 40°C for 30 seconds, and 72°C for 1 minute; and then a

single final stage at 72°C for 10 minutes. All gels were run

with a negative control with no DNA and water to achieve

the standard reaction volume. Products were resolved by

agarose gel electrophoresis in 2% agarose in Tris·acetate-

(ethylenedinitrilo)tetraacetic acid (EDTA) buffer with ethid-

ium bromide at 50 V for 5 hours and visualized by ultraviolet

(UV) transillumination. Gels were photographed and digitized

with a Gel Doc 2000 system. Images were imported into

Phoretix Gel analysis software v 5.2 (Nonlinear Dynamics,

Newcastle, United Kingdom), and retardation factor correc-

tions using two markers per gel were used to improve intragel

and intergel measures of band size. Lane images were then

imported into the Phoretix database, and an unweighted pair

group average (UPMGA) diagram was constructed using Dice

coefficients (Figure 1A). Cluster groups with ³ 85% similarity

were identified as identical pattern types.
PFGE. The standardized laboratory profile for the molecu-

lar subtyping of S. sonnei of FoodNet was strictly followed.
Briefly, a single colony was streaked on TSA and grown over-
night. Bacteria were suspended in TE buffer (100 mM Tris,
1 mM EDTA, pH 8.0), and concentration was measured and
standardized between 0.9 and 1.3 using a spectrophotometer
at 610 nm. Proteinase K (0.5 mg/mL; Invitrogen) was added
to 0.4 mL bacterial suspension and cast in 1% SeaKem Gold
and 1% sodium dodecyl sulfate (SDS) agarose in 10 mM Tris

and 1 mM EDTA (pH 8); it was then allowed to solidify in a

disposable plug mold (Biorad Laboratories). Lysis was done

in 50 mM Tris and 50 mM EDTA (pH 8.0) with 1% sarcosyl

with 0.1 mg/mL Proteinase K for 5 hours at 54°C in a shaking

water bath at 200 rpm. Plugs were washed two times in ster-

ile Ultrapure water with agitation for 15 minutes and then

washed four times with TE buffer warmed to 50°C. Plugs
were incubated in TE buffer for 15 minutes at room tempera-

ture. TE buffer was removed and replaced with fresh buffer

and 50 U XbaI per sample and incubated in a 37°C water bath

for 5 hours. Plugs were loaded into wells in a 1% SeaKem

Gold Agarose in 0.5 +TBE (Tris-Borate-EDTA) buffer. Elec-

trophoresis was done on a Bio-Rad CHEF-II apparatus for

22 hours with an electric field of 6 V/cm, and the pulse time

was increased from 2.2 to 54.2 seconds. A l-ladder (Biorad)
was used as a molecular size marker, with two being run on

the extremes of each gel to correct band measures for slight

gel distortions. Gels were stained with ethidium bromide for

15 minutes in a covered container and then destained for

10 minutes. The image was digitalized using a Gel Doc 2000

Figure 1. (A) UPMGA dendrogram of ERIC types. (B) UPMGA
dendrogram of PFGE patterns.
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system and imported into the Phoretix gel analysis program as
above. Bands were normalized, and lane images were exported
to a Phoretix database. A UPMGA diagram based on dice
coefficients was constructed (Figure 1B), and clusters with
coefficients of ³ 85% were identified as the same pulse type.
Statistical analysis. The discriminating abilities of ERIC-

PCR and PFGE were calculated by the use of Simpson’s
index of diversity,15 and 95% confidence intervals (CIs) were
calculated using the formula in the work by Grundmann and
others.16 The association of the presence or absence of diar-
rhea or dysentery with a specified serotype or molecular type
as defined by PFGE or ERIC-PCR was evaluated by using an
odds ratio with Mantel–Haenzel 95% CIs. In cases where a
cell value was equal to zero, a c2 value was calculated using
SPSS v 13 (Chicago, IL).

RESULTS

Antigenic typing of the isolates identified a highly diverse
group of isolates with S. flexneri as the serogroup in 72.4% (84)
of the isolates. Among the S. flexneri isolates, 26.7% (31)
of the isolates were serotype 2a, 20.7% (24) were serotype 3a,
7.8% (9) were serotype 4a, 6.9% (8) were serotype 6, 5.2% (6)
were serotype 1b, 2.6% (3) were serotype 4b, 1.7% (2) were
serotype Y, and 0.9% (1) were serotype 2b. S. sonnei

accounted for 13.8% of all isolates, and S. boydii and
S. dysenteriae accounted for 11.2% (13) and 0.9% (1) of iso-
lates, respectively. Two isolates (1.7%) did not agglutinate with
the typing antisera and were classified as Shigella spp.
PFGE typing distinguished 37 different pattern types. The

most prevalent pattern was present in 19% of all isolates,

Figure 2. (A) Frequency distribution of ERIC types. (B) Frequency distribution of PFGE types. Dotted areas refer to isolates from
asymptomatic cases, and striped areas represent isolates from patients with diarrhea.
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whereas 19 restriction types were present in only one isolate
each (Figure 2B). The discrimination index of PFGE was
0.925 (95% CI = 0.830–1.00). ERIC-PCR typing distinguished
42 distinct pattern types (Figure 2A). The most prevalent type
described 11.2% of the isolates. Seventeen ERIC types were
unique. The discrimination index of ERIC-PCR was 0.961
(95% CI = 0.886–1.00). When serogroup and serotype results

were compared with molecular profiles (Table 1), it was found
that 89% (33) of 37 PFGE patterns were restricted to a single
serogroup. Four PFGE profiles had one pattern that belonged
to a second serogroup described by the same genomic pattern;
51% (16/31) of the most common S. flexneri serotype, serotype
2a, were described by a single PFGE pulse type (pulse type 2),
although S. flexneri 2a isolates were spread among six different

Table 1

Isolates are shown with the designated molecular typing patterns as determined by PFGE, ERIC-PCR, serogroup, and serotype

Isolate PFGE ERIC Serogroup Serotype Isolate PFGE ERIC Serogroup Serotype

SHI1309 1 1 S. flexneri 2a SHI0560 11 20 S. flexneri 6
SHI2493 1 2 S. flexneri 2a SHI2213 11 21 S. flexneri 6
SHI1539 1 3 S. flexneri 2a SHI2085 11 21 S. flexneri 6
SHI0261 1 4 S. flexneri 2a SHI0079 11 22 S. flexneri 6
SHI2944 2 2 S. flexneri 2a SHI1909 11 20 S. flexneri 6
SHI0602 2 4 S. flexneri 2a SHI2257 11 23 S. flexneri 6
SHI3622 2 4 S. flexneri 2a SHI5653 12 24 S. flexneri 6
SHI2020 2 2 S. flexneri 2a SHI1797 13 18 S. flexneri 4a
ME180 2 3 S. flexneri 2a SHI1498 13 8 S. flexneri 4b
SHI2144 2 2 S. flexneri 2a SHI1756 13 8 S. flexneri 4a
SHI3000 2 2 S. flexneri 2a SHI1228 13 8 S. flexneri 4a
ME081 2 4 S. flexneri 2a SHI1321 13 25 S. flexneri 4a
SHI2077 2 2 S. flexneri 2a SHI1936 13 26 S. flexneri 4a
SHI1838 2 2 S. flexneri 2a SHI5555 14 27 S. flexneri 4a
SHI1570 2 2 S. flexneri 2a SHI2102 14 27 S. flexneri 4a
SHI0461 2 4 S. flexneri 2a SHI2659 15 27 S. flexneri 4a
SHI2115 2 5 S. flexneri 2a ME106 16 25 S. flexneri 2b
SHI1234 2 2 S. flexneri Y SHI3180 16 28 S. flexneri 4a
SHI0356 2 4 S. flexneri 2a SHI1608 16 27 S. flexneri 4b
SHI0146 2 4 S. sonnei SHI4604 17 29 S. boydii
SHI0046 2 4 S. flexneri 2a SHI4056 17 30 S. boydii
SHI1949 2 4 S. flexneri 3a SHI4028 17 30 S. boydii
SHI2162 2 2 S. flexneri 2a SHI3944 18 24 S. boydii
SHI4744 3 3 S. flexneri 2a SHI4641 19 24 S. boydii
SHI1893 3 4 S. flexneri Y SHI4023 20 22 S. boydii
ME130 3 3 S. flexneri 2a SHI0107 21 2 S. flexneri 1b
SHI3256 3 3 S. flexneri 2a SHI3734 21 31 S. flexneri 6
SHI2370 4 6 S. flexneri 2a SHI0444 22 7 S. flexneri 1b
SHI3605 4 4 S. flexneri 2a SHI0189 23 32 S. boydii
SHI3066 4 3 S. flexneri 2a SHI0162 24 33 S. species
SHI1858 4 7 S. flexneri 2a SHI0186 25 34 S. boydii
SHI4695 5 8 S. flexneri 1b SHI0403 26 19 S. flexneri 3a
SHI4669 5 9 S. flexneri 3a SHI0230 27 4 S. boydii
SHI2049 5 10 S. flexneri 3a SHI0285 28 35 S. boydii
SHI2539 5 11 S. flexneri 3a SHI4644 28 36 S. species
SHI3522 5 12 S. flexneri 3a SHI5539 29 37 S. sonnei
SHI4183 5 13 S. flexneri 1b SHI3493 29 38 S. sonnei
SHI4066 5 14 S. flexneri 2a SHI0221 29 38 S. sonnei
ME132 5 10 S. flexneri 3a SHI1211 29 39 S. sonnei
SHI0423 5 12 S. flexneri 3a SHI3152 29 38 S. sonnei
SHI2039 5 15 S. flexneri 3a SHI3168 29 39 S. sonnei
SHI2975 5 13 S. flexneri 3a SHI2907 29 39 S. sonnei
ME110 5 13 S. flexneri 3a SHI5710 29 3 S. flexneri 2a
SHI2770 5 13 S. flexneri 3a SHI1918 29 40 S. sonnei
SHI3169 5 16 S. flexneri 3a SHI1866 30 38 S. sonnei
ME115 5 12 S. flexneri 3a SHI3190 30 39 S. sonnei
ME131 5 17 S. flexneri 3a SHI0267 31 35 S. boydii
ME114 5 16 S. flexneri 3a SHI5538 31 37 S. sonnei
SHI1958 5 18 S. flexneri 3a SHI3243 32 38 S. sonnei
SHI3083 5 11 S. flexneri 3a SHI1614 32 38 S. sonnei
ME121 5 12 S. flexneri 1b ME134 32 16 S. sonnei
ME133 5 12 S. flexneri 3a SHI0994 33 38 S. sonnei
SHI2973 5 12 S. flexneri 3a SHI3590 34 37 S. boydii
SHI2618 6 11 S. flexneri 3a SHI2946 35 35 S. dysentariae
SHI3114 6 12 S. flexneri 3a SHI2950 36 40 S. boydii
SHI1867 7 19 S. flexneri 3a SHI1484 37 42 S. flexneri 4b
SHI2305 7 11 S. flexneri 3a
SHI4899 8 3 S. flexneri 1b
SHI3002 9 4 S. flexneri 2a
SHI4556 10 3 S. flexneri 2a

FACILITATED RAPID TYPING OF SHIGELLA 1021



pulse types (1, 2, 3, 4, 5, 9, and 29). S. flexneri 3a, the second
most common serotype, had 75% (18/24) of isolates fall into
the same pulse type (pulse type 5), although 3a isolates fell into
five different pulse types (2, 5, 6, 7, and 26) . ERIC types were
restricted to serogroups in 86% (36/42) of cases. However,
ERIC types distinguished more molecular types within com-
mon serotypes. In the case of S. flexneri, 2a isolates were

divided into nine ERIC types (1–7, 9, and 40) but in principle,
into three different ERIC patterns, whereas no more than nine
isolates (29%) fell into one ERIC pattern. Similarly, among
S. flexneri 3a isolates, no more than 25% of this serotype
(six isolates) fell into one ERIC pattern.
Because the primary intent of either genotyping strategy

is to determine if an isolate is clonal or non-clonal com-
pared with a reference, pairwise comparisons of dice coeffi-
cients between the 116 isolates (6,670 permutations) were
made at dice coefficients of 80% and 85% in turn to deter-
mine the concordance in determining clonality between the
two tests. The observed agreement between the two tests
was 90.4% at the 85% level, which fell to 85.1% at the 80%
level. The assignment of clonal versus non-clonal between
the two typing strategies was highly correlated (Pearson c2
P < 0.000). Contingency tables comparing the assignment of

Table 2

Pairwise comparison of typing strategies for ERIC-PCR and PFGE

PFGE

C NC

ERIC-PCR
C 150 363
NC 277 5,880

C = clonal; NC = non-clonal.

Figure 3. (A) ERIC patterns over the study period grouped by serotype (S. flexneri only; the rest appear in a single graphic).
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paired comparisons of ERIC with PFGE are shown in Table 2.
If one assumes that PFGE is the standard for typing Shigella
isolates, then the sensitivity (in detecting a clonal relationship)
is 35.1% (95% CI = 30.8–39.8), the specificity of ERIC-PCR is
94.2% (95% CI = 93.6–94.7), the positive predictive value of
the identification of a pair as clonal is 29.2% (95% CI = 25.5–
33.3), and the negative predictive value is 95.5% (95% CI =
95.0–96.0). Isolates were highly diverse, which was shown by
both molecular typing strategies; between 80% and 88% of the
pairwise comparisons were described as non-clonal by both
ERIC and PFGE, and the dice coefficient relating the most
distant clusters was only 50%.
To compare the ability of ERIC-PCR and PFGE to describe

the dynamics of transmission of Shigella beyond serotyping
alone, scatterplots were generated of molecular types over
time and subgrouped by S. flexneri serotype (Figure 3). Inter-

pretation of the ERIC-PCR types and pulse types led to simi-
lar conclusions over time, both of which enriched knowledge of
disease transmission relative to the use of serotype alone. For
example, the initial S. flexneri 2a strain circulating in this com-
munity between September of 2002 and December of 2002 was
restricted to two molecular types that were closely related.
Between April and December of 2003, both molecular typing
methods revealed five relatively closely related strains in circu-
lation in the community. A cluster of three Shigella flexneri
4a cases in April of 2003 were not closely related by either
ERIC-PCR or PFGE typing. The cluster of S. flexneri 3a cases
between April and September of 2003 was caused by a group
of closely related molecular types as indicated by typing from
both methodologies.
Of the 116 isolates, 68% (79) were from children with diar-

rhea, and 32% (37) were asymptomatic. Of the individuals

Figure 3. (B) PFGE pulse types over the study period grouped by serotype (S. flexneri only; the rest appear in a single graphic).
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with Shigella and diarrhea, 28% (22) had dysenteric diarrhea
(defined as visible blood in an unformed stool in a patient
reporting over three unformed evacuation in the last 24 hours),
and the remaining 72% (57) had non-dysenteric diarrhea. No
single ERIC-PCR or PFGE type was significantly associated
with the development of diarrhea or dysentery in part because
of the large number of types and limited sample size. Com-
pared with other types of shigellosis, it was found that individ-
uals infected with S. flexneri 3a had over six times the risk of
developing diarrhea (odds ratio = 6.75, 95% CI = 1.4–44.3) as
patients infected with other serotypes of Shigella. Infection
with S. flexneri 1b, however, was rarely associated with diar-
rhea compared with other serotypes of Shigella (odds ratio =
0.08, 95% CI = 0–0.77).

DISCUSSION

This comparative study of molecular typing methods for
Shigella revealed that ERIC-PCR is a plausible alternative
strategy to PFGE. The simplicity, ease of operation, low per
isolate cost, and limited need for specialized laboratory equip-
ment favor its use over PFGE. Our evaluation of an expanded
number and diversity of Shigella isolates has confirmed the
use of ERIC-PCR that the work by Liu and others11 described
in the typing of 20 S. sonnei isolates.
It should be noted that our findings are in contrast to the

findings in the work by Surdeanu and others,17 which also
compared PFGE with ERIC-PCR and found significantly
worse test performance of ERIC-PCR compared with PFGE.
In their study of 97 S. flexneri strains, they described 31 pulse
types but only seven ERIC-PCR patterns. Several differences
in specimen processing and analysis may explain the differ-
ences in our results. The first difference is the use of a differ-
ent ERIC primer. In early work, we found that ERIC 1 alone,
as used in the work by Liu and others11, yielded more com-
plex band patterns than ERIC 2 (as used in the work by
Surdeanu and others17) or a combination of ERIC 1 and
ERIC 2 (data not shown). Additionally, although pulse types
for PFGE were analyzed by dice coefficients in the work
by Surdeanu and others,17 ERIC patterns were visually
compared, and the decision to call isolates identical or non-
identical was on the basis of similar numbers and positions of
major bands. The number of patterns analyzed significantly
exceeds recommendations for visual band analysis.18 Bands
classified as faint were ignored in their comparative analysis.
Obviating visible bands during a comparative analysis may
lead to oversimplification of band patterns, especially in typ-
ing techniques where the number of bands per pattern is
relatively low (ERIC-PCR and RAPD-PCR). Additionally,

we found that both repeatability and complexity of patterns
were enhanced by DNA quantification before the assay, a
step that is commonly part of PFGE and RAPD protocols
but not described in ERIC protocols.
ERIC sequences are short (127 bp), imperfect palindromic

sequences present in Enterobacteracaea as well as Vibrio

cholerae. Recent genomic work on ERIC sequences in
Escherichia coli and Shigella revealed that S. flexneri 2a 301
has 15 full-length and 11 partial-length ERIC sequences,
S. dysenteriae Sd197 has 12 full-length and 8 partial-length
copies, S. sonnei Ss046 has 18 full-length copies and 11 partial

copies, and S. boydii Sb227 has 19 full-length copies and

10 partial-length copies.19 All copies were chromosomal.

The spacing of sequences and the improbable hybridization

in some partial sequences suggest that band products visu-

alized from typing are not caused by exclusive hybridization

to ERIC sequences, and the primers, therefore, function, at

least to some extent, as low-stringency arbitrary primers.

The ERIC-PCR method is highly similar to, if not always,

a RAPD assay. The longer length of the ERIC-PCR (22 bp)

compared with 10–12 bp in standard RAPD primers seems

to increase the efficiency of primers and the robustness of

the assay compared with RAPDs.20

Although a national and perhaps international standard-
ized typing protocol and database, such as the database used
by PulseNet, has an unquestionable value in determining
the movement of strains over wide geographic areas, other
typing methods, such as ERIC-PCR, also may have important
complementary roles. ERIC-PCR yields final analyzable
images 8 hours after the extraction of DNA. The PulseNet
12-hour protocol does not yield final results for 36 hours,
because the gel runs for 22 hours after the initial 12 hours
needed for lysis, washes, and enzyme digestion. The cost of
ERIC-PCR is $8 per isolate, which compares well with the
cost of PFGE that is commercially offered at $75.21 Standard
gels and electrophoresis units used for PCR-ERIC allow for
more specimens to be concurrently evaluated. The technique
requires no specialized equipment or reagents in a laboratory
with PCR capabilities. Because the number of organisms that
are successfully typed with ERIC-PCR continues to grow to
include diarrheogenic22 and uropathogenicE. coli,23Pseudomonas
aeruginosa,24 Aeromonas hydrophila,25 Vibrio parahemolyticus,26

Stenotrophomonas,24 Klebsiella pneumoniae,27 Yersinia

enterocolitica,28 Bartonella henselea,29 and Helicobacter

pylori,20 the advantage of adopting this technique at the
hospital and regional level also increases. Experience with

this simplified technique allows for the preliminary investi-
gation of many important nosocomial or regional outbreaks

without the need for a disease-specific approach after pri-

mary culture. This molecular typing may be done in parallel
or independently from serotyping of the isolates under

investigation to yield important information on the clonality

of isolates. ERIC reagents are affordable, standard, and

have the relative advantage over antisera of long-term sta-

bility and affordability. The relative advantage for this test

in limited resource settings where shigellosis is endemic is

significantly greater than in the United States and Europe,

where PFGE analysis is not likely to be facilitated by govern-

ment-funded agencies. Although grouping serum may be avail-

able at the level of national laboratories, complete typing kits

from Denka-Seiken include a kit of 43 antisera required for the

full typing of isolates. At any one time, a few serotypes are

likely to predominate, and in the case of S. sonnei, which

contains only a single serotype, ERIC-PCR offers a rapid way

to analyze temporally associated isolates to determine trans-

mission patterns.

Received October 28, 2011. Accepted for publication March 3, 2012.

Acknowledgments: The study was funded by National Institutes of
Health Fogarty Grant K01TW5717 (to M.K.). The authors would like
to thank Hugo Rodriguez from the Health Ministry of Loreto for
collaboration and S. T. Unt for critical review of the manuscript. The
views expressed in this article are the views of the authors and do not

1024 KOSEK AND OTHERS



necessarily reflect the official policy or position of the Department of
the Navy, Department of Defense, or the US Government.

Authors’ addresses: Margaret Kosek, Department of International
Health, Johns Hopkins Bloomberg School of Public Health, Baltimore,
MD, E-mail: mkosek@jhsph.edu. Pablo Peñataro Yori, Universidad
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