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Typing of gonococcal strains is a valuable tool for the biological confirmation of sexual contacts. We have
developed a typing method based on DNA sequencing of two overlapping por gene fragments generated by a
heminested PCR. We compared sequencing of the por gene (POR sequencing) and typing of the opa gene (OPA
typing) for the characterization of strains from 17 sexual partnerships. Both methods were highly discrimi-
natory. A different genotype was detected in 15 of the 17 epidemiologically unconnected couples by POR
sequencing and in 16 of the 17 couples by OPA typing with restriction enzyme Hpall. Within partnerships,
identical genotypes were obtained from 16 of the 17 known sex contacts by POR sequencing and from 15 of the
17 by OPA typing. Compared to OPA typing, which relies on interpretation of bands in a gel, DNA sequence
data offer the advantage of being objective and portable. As costs for sequencing decline, the method should
become affordable for most laboratory personnel who wish to type gonococcal strains.

Neisseria gonorrhoeae infection is one of the most common
sexually transmitted diseases worldwide. There is no effective
vaccine for N. gonorrhoeae; therefore, control of gonococcal
infections depends on identification and treatment of infected
individuals. The development of effective public health mea-
sures can be aided by an understanding of the molecular epi-
demiology of gonorrhea. Information on gonococcal strains
circulating in a community and temporal changes in prevalent
strains can be used to identify patterns of transmission of
gonorrhea.

Various typing methods have been developed to character-
ize N. gonorrhoeae strains. The most widely used method is
based on auxotyping and serological characterization (12, 32).
Auxotyping, which is based on the nutrient growth require-
ments of strains, is complicated, labor-intensive, and time-
consuming. Serotyping requires well-characterized monoclonal
antibodies, which are in limited supply and subject to interlot
variation. Furthermore, auxotyping and serological character-
ization are often unable to discriminate among strains from
epidemiologically unrelated individuals (3-5, 14, 16, 22-24,
26). A number of rapid DNA-based typing methods have been
developed for the characterization of gonococcal strains. The
genetic relatedness of strains has been compared by restriction
fragment length polymorphism analysis of whole genomic
DNA or individual genes and by amplification of polymorphic
DNA fragments with arbitrary or repetitive motif-based prim-
ers (4, 13, 18, 22, 25, 26, 35). The most extensively tested and
discriminatory of the molecular genetic techniques is the opa
gene typing method (OPA typing) of O’Rourke et al. (19). For
this method, the 11 opa genes are amplified with a single pair
of primers, the products are digested with frequently cutting
restriction enzymes, the restriction fragments are separated on
polyacrylamide gels, and the patterns of bands produced by
different strains are compared. The principal limitation of this

* Corresponding author. Mailing address: The Johns Hopkins Hospi-
tal, Blalock Building, Room 1105, 600 North Wolfe St., Baltimore, MD
21287. Phone: (410) 614-1494. Fax: (410) 955-3723. E-mail: rviscidi
(@mail.jhmi.edu.

4430

method, as well as the other genetic typing methods based on
the analysis of band patterns, is that results from different
laboratories are difficult to compare.

Nucleotide sequencing is the most definitive form of typing
and is the approach that we have taken to the typing of N. gon-
orrhoeae. Sequence data are objective and can be compared
readily between laboratories. The data can be stored in a single
central database and shared electronically to provide a re-
source for epidemiological studies. The use of PCR amplifica-
tion and direct PCR product sequencing with cycle labeling of
oligonucleotides has greatly streamlined the process. Another
advantage of the availability of nucleotide sequence data is the
ability to perform evolutionary genetic analyses.

With current techniques, only a small portion of a bacterial
genome can be sequenced in a cost-efficient manner. The most
informative regions have to be determined empirically, and the
choice of which region to sequence depends on the goals of a
study. We have developed a typing system based on nucleotide
sequencing of a large segment of the por locus (~1 kb) (POR
sequencing). This locus offers several advantages as a genetic
marker for strain typing. The gene is expected to show high
levels of genetic variation, since it encodes the serotyping an-
tigen, which is known to be polymorphic (11). Individual N.
gonorrhoeae strains carry a single copy of the gene; thus, com-
parisons between strains involve homologous alleles, a prereq-
uisite for evolutionary genetic analyses. The molecular epide-
miology and genealogy of the por gene are also of interest
because the Por protein is a potential vaccine candidate (2, 21).

For short-term transmission studies, a typing method has to
be sufficiently discriminating to distinguish among epidemio-
logically unrelated strains; at the same time, the genetic vari-
ation observed has to be sufficiently stable that identical types
are recovered from known sexual contacts. In order to estab-
lish the utility of POR sequencing as a typing tool for trans-
mission studies and to compare POR sequencing with OPA
typing, we characterized gonococcal isolates from 17 sex part-
ners by both methods. The sex partners were recruited from
the same clinic over a 2-year period. The temporal and geo-
graphic proximity of the sampled population was expected to
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provide a reasonably stringent test of the efficiency of the
different typing methods for short-term transmission studies.

MATERIALS AND METHODS

N. gonorrhoeae strains. Thirty-four gonococcal isolates from 17 reported sexual
contact pairs from Baltimore, Md., were examined. The sex partners were re-
cruited from the Baltimore City Sexually Transmitted Disease (STD) Clinic over
a 2-year period from 1991 to 1992 (36). To ensure as accurate an identification
of sex partners as possible, persons trained in sexual contact tracing conducted
the interviews (6). N. gonorrhoeae strains were single colonies picked from a
primary isolation plate, subcultured once or twice, and frozen. The strains had
not been passaged prior to this study. Auxotyping and serotyping were not done
on the strains. For DNA analysis, strains were cultivated from frozen stocks that
had been stored at —70°C in Greaves solution (5% bovine serum albumin, 0.5%
monosodium glutamate, 10% glycerol). Cells were grown overnight at 37°C in
5% (volivol) CO, on GC medium base agar (Difco) supplemented with the
following components (per liter): 3.0 g of glucose, 0.083 g of Fe(NOs);, 0.1 g of
L-glutamine, 0.1 ml of cocarboxylase (2%), and 40 mg of L-cysteine hydrochlo-
ride.

Preparation of genomic DNA. Genomic DNA was isolated from N. gonor-
rhoeae cells scraped off an agar culture plate. The bacterial cell pellet was
resuspended in 600 pl of Tris-EDTA buffer (pH 7.4). Sodium dodecyl sulfate and
proteinase K were added to final volumes of 0.5% and 100 pg/ml, respectively.
The suspension was mixed by repeated inversion and then incubated for 1 h at
37°C. The lysate was adjusted to 0.7 M NaCl and 1% cetyltrimethylammonium
bromide (CTAB), mixed thoroughly, and incubated for 10 min at 65°C in order
to precipitate cell wall debris, denatured proteins, and polysaccharides. The
supernatant was extracted once with chloroform-isoamyl alcohol (24:1), once
with phenol-chloroform-isoamyl alcohol (25:24:1), and a second time with chlo-
roform-isoamyl alcohol. Chromosomal DNA was precipitated with isopropanol,
washed with 70% ethanol, and resuspended in 20 pl of distilled water.

Heminested por PCR. A heminested PCR was performed to amplify two
overlapping fragments of the por gene. The primers were complementary to
conserved regions in the por gene, as determined by sequence comparisons of
PIA and PIB homology group por genes from GenBank. PIA and PIB are
structural variants of the POR protein. In the first round, a 2-ul aliquot of
gonococcal chromosomal DNA was amplified in a 50-pl reaction volume con-
taining 200 wM each deoxynucleoside triphosphate (dNTP), 0.5 pM each primer
(POR-01, 5'-CTGACTTTGGCAGCCCTTCCTGTTG-3', and POR-14, 5'-CAGA
TTAGAATTTGTGGCGC-3'), 2.1 U of Expand High Fidelity (Boehringer
Mannheim Biochemicals, Indianapolis, Ind.), and the buffer provided by the
manufacturer with 1.5 mM MgCl,. A hot-start PCR protocol was performed with
wax beads from PE Applied Biosystems, Inc., Foster City, Calif. Cycle conditions
were set at 94°C for 2 min to melt the beads; 30 cycles of 94°C for 40 s, 65°C for
40 s, and 72°C for 1 min; and a final extension reaction for 10 min at 72°C. The
PCR products were diluted 1:100 in distilled water, and two nested reactions
were performed with primers containing 5’ extensions encoding the M13 forward
or M13 reverse sequencing primers. A 2-pl aliquot was amplified in a 100-ul
reaction volume containing 200 pM each dNTP, 0.5 uM each primer (M13F-
POR-01, 5'-GTCACGACGTTGTAAAACGACGGCCAGTCTGACTTTGGC
AGCCCTT-3' [the M13F sequence is underlined], and M13R-POR-08, 5'-CA
CACAGGAAACAGCTATGACCGTATTGTGCGAAGAAGC-3' [the M13R
sequence is underlined]; or M13F-POR-11, 5'-GTCACGACGTTGTAAAAC
GACGGCCAGTCTGTCCGTACGCTACG-3', and M13R-POR14, 5'-CACA
CAGGAAACAGCTATGACCAGATTAGAATTTGTGGCGC-3'), 1.4 U of
Expand High Fidelity, and the manufacturer’s recommended buffer with 1.5 mM
MgCl,. A hot-start PCR protocol was used with cycle conditions set at 94°C for
2 min; 35 cycles of 94°C for 40 s, 60°C for 20 s, and 68°C for 40 s; and a final
extension reaction for 10 min at 72°C. First- and second-round reactions were
performed with a PE Applied Biosystems 9700 thermal cycler.

PCR products were separated by electrophoresis through a 2% agarose gel
prepared with Tris-acetate-EDTA buffer. The gel was stained with Ciber Green
dye, and bands were visualized under UV illumination with a Fluorimager.

PCR product sequencing. The PCR products were passed through a Gene-
Clean spin column (Bio 101, Inc., Vista, Calif.) and eluted with 40 pl of distilled
H,0, and the recovered DNA was measured by UV spectrometry. For dideoxy
sequencing reactions, 60 to 80 ng of PCR product was added to a final reaction
volume of 5 pl containing 2 pl of Big Dye terminator RR mix (PE Applied
Biosystems) and 1 pM primer (M13 forward or M13 reverse sequencing primer).
Cycle conditions were set at 95°C for 15 s, 50°C for 15 s, and 60°C for 4 min. After
25 cycles, reaction products were denatured by being heated to 95°C for 30 s. The
reaction volume was diluted with 15 pl of distilled water and passed through a
minicolumn (Spin-50; BioMax, Inc., Odenton, Md.) equilibrated with distilled
water. The labeled nucleic acids were dried in a Speed Vac concentrator (Savant,
Farmingdale, N.Y.), and loaded into the lanes of an ABI 377 automated DNA
sequencer (Synthesis and Sequencing Facility, Department of Biological Chem-
istry, Johns Hopkins University School of Medicine). Trace data were edited and
nucleotide sequences were assembled with the SeqMan software program
(DNASTAR, Inc., Madison, Wis.). The edited sequences corresponded approx-
imately to the region from amino acid 18 to amino acid 346 of strain MS11
(accession number M21289).
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OPA typing. OPA typing was done by a modification of the method of
O’Rourke et al. (19). The principal modifications were the use of longer seg-
ments of the opa genes and nonisotopic visualization of restriction fragments by
silver staining. Briefly, opa genes were amplified from gonococcal chromosomal
DNA by PCR. A 2-pl aliquot of DNA was amplified in a 100-pl reaction volume
containing 200 uM each dNTP, 0.5 uM each primer (OPA-01, 5'-ATGTGCA
GGCGGATTTAGCC-3', and OPA-04, 5'-AATGAGGCTTCGTGGGTTTTG-
3"), 2.1 U of Expand High Fidelity, and the buffer provided by the manufacturer
with 1.5 mM MgCl,. The primers flank those of O'Rourke et al. (19) and gen-
erate a product, on average, about 120 bp longer. A hot-start PCR protocol was
performed with wax beads from PE Applied Biosystems. Cycle conditions were
set at 94°C for 2 min to melt the beads; 25 cycles of 94°C for 20 s, 65°C for 20 s,
and 72°C for 40 s; and a final reaction for 10 min at 72°C. PCR was performed
with a PE Applied Biosystems 9700 thermal cycler.

PCR products were precipitated with ethanol, washed with 70% ethanol, and
resuspended in 50 pl of distilled water. The opa gene fragments (1.5 pg) were
digested overnight at 65°C with 3 U of Tagl in a volume of 11 pl with REact 2
buffer (Life Technologies, Gaithersburg, Md.). An equivalent aliquot was di-
gested overnight at 37°C with 3 U of Hpall. In REact 8 buffer, approximately 750
ng of the resulting restriction fragments was fractionated on a precast 12.5%
polyacrylamide gel (GeneGel Excell 12.5/24 kit; Amersham Pharmacia Biotech,
Uppsala, Sweden) with a GenePhor electrophoresis unit (Amersham Pharmacia
Biotech) according to the recommendations of the manufacturer. Bands were
visualized by silver staining (1, 17).

DNA sequence analysis. Sequences were aligned using the program CLUSTAL
X and edited manually. The best-fit model of DNA substitution was chosen by
performing hierarchical likelihood ratio tests using PAUP* beta 4 and Modeltest
1.05 (27, 31). A neighbor-joining tree was generated by the PHYLIP program,
version 3.5c, using parameter estimates from Modeltest (8). The distance matrix
was generated by DNADIST, maximum-likelihood option, using a Kimura two-
parameter model with a ratio of transitions to transversions of 2.2405 and
unequal base frequencies (A, 0.2810; C, 0.2375; G, 0.2375; and T, 0.2054).

Some of the strains that we sequenced were genotyped by hybridization to
oligonucleotide probes for PIB por gene variable regions (33). Isolates 409, 407,
510, 419, 582, 804, 7, 5, 133, 223, 144, 243, 783, 950, 692, 559, 453, 451, 731, 909,
633, 432, 1406, 1331, 1389, and 1540 in Thompson et al. (33) correspond to
strains 1(F), 1(M), 2(F), 2(M), 3(F), 3(M), 4(F), 4M), 5(F), 5(M), 6(F), 6(M),
8(F), 8(M), 11(F), 111(M), 12(F), 12(M), 13(F), 13(M), 14(F), 14(M), 15(F),
15(M), 16(F), and 16(M), respectively, in our study.

Nucleotide seq e accessi bers. Novel sequences determined in this
study were deposited in GenBank under accession numbers AF304390 to
AF304405.

RESULTS

OPA typing of isolates from 34 sex partners. A critical test
of the discriminatory power of a typing method for N. gonor-
rhoeae is the ability to distinguish gonococcal isolates that are
epidemiologically unrelated while scoring as identical those
from known sexual contacts. To perform such a test, we sub-
jected 34 gonococcal isolates from 17 heterosexual partner-
ships to OPA typing and POR sequencing. For OPA typing,
the corresponding ~670-bp fragments of the 11 opa genes
were amplified and the PCR products were digested with re-
striction enzymes Hpall and Taql. The Hpall and Tagl OPA
types of the isolates from the female members of the 17 sexual
partnerships are shown in Fig. 1. Sixteen of the 17 isolates gave
a unique OPA type with Hpall, while the isolates from subjects
7(F) and 9(F) produced an identical band pattern. OPA typing
with Taql was less discriminatory than typing with Hpall. Only
13 of the 17 isolates gave a unique OPA type with Tagl.
Isolates from subjects 7(F) and 9(F), which had identical OPA
types with Hpall, also had the same OPA type with Tagl. In
addition, isolates from four subjects, 1(F), 10(F), 14(F), and
16(F), despite having different Hpall OPA types, had the same
Tagl OPA type. With two exceptions (Fig. 2), the OPA types of
isolates from sex partners were indistinguishable. Isolates from
sex partners 8(F) and 8(M) were markedly different by both
Hpall and Taql OPA typing, with no bands in common be-
tween the two isolates. The Hpall and Tagl OPA types of
isolates from partners 5(F) and 5(M) had several bands in
common but also differed by the presence of two additional
DNA fragments in the Tagl digest and two in the Hpall digest
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FIG. 1. OPA typing of strains from the female members of 17 sex partnerships. Gonococcal chromosomal DNA was amplified by PCR, and the resulting fragments
were digested with Hpall (A) or Tagl (B), fractionated on polyacrylamide, and stained with silver nitrate. Brackets mark identical OPA types from different
partnerships. The samples were electrophoresed on the same polyacrylamide gel, but lanes were repositioned for purposes of illustration.

of the isolate from subject 5(F). The small differences between
the isolates from partners S(M) and 5(F) are unlikely to be due
to a PCR artifact, because the products of a repeat amplifica-
tion reaction gave the same results.

POR sequencing of isolates from 34 sex partners. POR
sequencing was also performed on the 34 isolates. An align-
ment of the por sequences of the isolates from the female
members of the 17 sexual partnerships is shown in Fig. 3. By
comparison to reference strains, 13 sequences were assigned to
the B homology group, which encodes PIB Por proteins, and 4
were assigned to the A homology group, which encodes PIA
Por proteins. The isolates from 15 of the 17 female subjects
had unique por sequences. However, an identical por sequence
was recovered from subjects 8(F) and 15(F); similarly, subjects

10(F) and 14(F) harbored an identical, although unique, por
sequence. Of note, the isolates from subjects 7(F) and 9(F),
which were identical by OPA typing, had por sequences that
differed by a single base substitution. In confirmation of the
findings, the same single base difference was detected in the
por genes of the isolates from the male partners of these
women. Inspection of the alignment indicates that nucleotide
substitutions were distributed along the entire length of the
open reading frame and concentrated in regions predicted to
be surface-exposed loops. The majority of substitutions en-
coded amino acid replacements. These observations are con-
sistent with previous analyses of por nucleotide sequences by
others and us (28, 30).

A BLAST search of GenBank showed that 2 of the 16
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FIG. 2. OPA types of sexual contacts with nonidentical genotypes. Paired
samples were electrophoresed on the same polyacrylamide gel.

unique por sequences identified in this study matched perfectly
sequences previously submitted to the database. One sequence
(8F-15F) was identical to six entries, representing por genes
from temporally and geographically diverse gonococcal strains,
including sequences that we had previously obtained from cli-
ents attending the Baltimore City STD Clinic in 1997. A sec-
ond sequence from this study (8M) was identical to the se-
quence of a por gene isolated in the 1980s from a person from
the United Kingdom. The remaining 14 por sequences were
unique but differed in most cases by only one or a few nucle-
otide differences from the closest match.

Cluster analysis of 34 por sequences from 17 sex partners. A
dendrogram of the por sequences from the 17 sex partners is
shown in Fig. 4. Horizontal branches delineate unique se-
quences and clusters of sequences. The vertical bars at the tips
of the branches indicate identical sequences. The two major
clusters correspond to por B and A homology group sequences.
With a single exception, the por sequences from sexual con-
tacts were identical. The por sequences of isolates from sex
partners 8(F) and 8(M) differed by multiple nucleotide substi-
tutions and were assigned by cluster analysis to different ho-
mology groups. The isolates from these presumed sex partners
were also different by OPA typing, as described above. Com-
pared to the differences in their OPA types, the isolates from
sex partners 5(F) and 5(M) had identical por sequences. The
interpartnership similarities described above are also illus-
trated on the dendogram. The por gene of 8(F) was identical to
that recovered from sex partners 15(M) and 15(F), although
there was no known contact between 8(F) and the couple. The
por gene of the isolate from 8(M), the partner of 8(F), was
unrelated to other por genes sequenced in this study. The
isolates from sex partners 10(M) and 10(F) and partners 14(M)
and 14(F) had identical por sequences, although interviews of
the couples did not reveal an epidemiological link between
couples 10 and 14. Dendrograms were also constructed with
sliding windows of different lengths to determine the minimal
gene fragment that provided the same discriminatory power as
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the full-length DNA sequence. The same topographical sepa-
ration among the 34 strains was obtained using a 220-bp frag-
ment that spans the region from the beginning of loop 3 to the
end of loop 5 (data not shown).

DISCUSSION

The ability to identify accurately the strains of infectious
agents that cause disease is central to epidemiological surveil-
lance and public health decisions. The ideal bacterial typing
system for epidemiological studies should be highly discrimi-
natory, so that infected individuals can be distinguished from
each other by the genetic fingerprint of the strain they harbor.
However, in order to trace the spread of organisms through a
host community and over time, different strains that are linked
by a chain of transmission must bear a predictable genetic
evolutionary relationship to each other. If they do, reconstruc-
tion of evolutionary relationships by phylogenetic analysis will
reveal transmission pathways. The ability to carry out this pro-
cess for any bacterial species and especially for N. gonorrhoeae
is problematic. The principal reason is that recombination
plays a major role in the evolution of bacteria. Through the
process of transformation, Neisseria species in particular have
the ability to undergo extensive recombination (7, 20). As a
result of the exchange of large segments of DNA during re-
combinational events, ancestrally closely related strains may
acquire multiple nucleotide differences. Because molecular
phylogenetic methods assume that genetic variation is the re-
sult of the orderly accumulation of nucleotide substitutions
and that the number and type of differences between two
sequences are proportional to the time of divergence of the
sequences, recombination negates the ability of phylogenetic
analysis to infer true genealogical relationships (15). However,
the practical limitations of phylogenetic analysis for a particu-
lar bacterial species depend on the relative rates of nucleotide
substitutions and recombination occurring in nature. For most
species, there are insufficient empirical data to establish these
rates. One goal of our future research is to obtain DNA se-
quence data from epidemiologically well-characterized strains
from individuals with gonorrhea in order to determine the
rates of nucleotide substitutions and recombination for N. gon-
orrhoeae.

If phylogenetic reconstructions are problematic, it is still
possible to use genetic characteristics of strains to identify sex
partners and short chains of transmission. For this purpose, the
genetic marker should be sufficiently polymorphic that strains
from epidemiologically unrelated individuals can be distin-
guished from each other but stable enough so that recently
transmitted strains are identical. With this goal in mind, we
compared the ability of two typing methods, a newly developed
POR sequencing method and the OPA typing method of
O’Rourke et al. (19), to discriminate among different sex part-
nerships and to confirm self-reported sexual contacts.

Both typing methods were highly discriminatory. Different
genotypes were detected in 15 of 17 partnerships by POR
sequencing and in 16 of 17 partnerships by OPA typing. When
results from the two typing methods were combined, all 17
partnerships were found to be associated with infection with
different strains of N. gonorrhoeae. Strains with different opa
genes may have had the same por gene, or vice versa, as a result
of different rates of genetic change at the two loci due to
recombination, mutation, or selection pressure. In the only
other published study comparing POR sequencing and OPA
typing, the latter method proved somewhat more discrimina-
tory (10). Among 33 isolates from 15 patients with 17 repeat
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FIG. 3. Alignment of por nucleotide sequences from female members of 17 sex partnerships. Nucleotides that are identical to the consensus sequence are
represented by dots. Dashes indicate alignment gaps. Boxes mark the locations of surface-exposed loops, as predicted by the structural model of Derrick et al. (5a).
The por A and B homology group sequences are indicated. Nucleotide substitutions resulting in amino acid replacements are shown in bold type.

infections, there were 19 separate OPA types and 15 different
por sequences. An identical OPA or POR result for strains
from unrelated partnerships is not necessarily epidemiologi-
cally uninformative. In some cases, an identical OPA or POR

genotype in different partnerships may indicate an undisclosed
sexual linkage between the individuals. However, to determine
whether OPA typing or POR sequencing can provide this kind
of information will require genotyping of strains collected in
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studies of sex networks where short chains of transmission can quencing of por genes from urine pellets, we have not seen
be identified (9).
By both typing methods, different strains were detected for variants (unpublished data). The sensitivity of automated DNA

evidence in the trace data for the presence of multiple allelic

couple 8. Assuming that there was no misclassification of spec- sequencing for detection of mutant alleles has been demon-
imens in the laboratory, possible explanations for the discrep- strated in other systems. In mixing experiments, Wei et al. were
ancy include a mixed infection, infection from another contact, able to detect single base substitutions in mutant human im-
or short-term genetic instability. A mixed infection seems un- munodeficiency virus sequences that comprised as little as 10%

likely because in our experience with direct PCR product se- of the total population (34). In conflict with our findings, stud-
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FIG. 4. Neighbor-joining tree of 34 por sequences from 17 sex partnerships. PI-35-IA and P9-IB-26 are reference strains for A and B homology group sequences,
respectively. Branch lengths shown are proportional to the amount of genetic change.

ies conducted in the 1970s using auxotyping suggested that
coinfection with multiple strains of N. gonorrhoeae is common
(29). However, because gonococci can transform each other in
cell culture, auxotyping, which is an in vitro technique, does not
establish that there is a mixed infection in vivo. The magnitude
of the genetic differences between the strains from couple 8,
with multiple different bands by OPA typing and different
homology groups by POR sequencing, makes genetic instabil-
ity unlikely. Thus, the most likely explanation is that the couple
did not report their sexual behavior fully or truthfully. For
couple 5, whose strains differed only by OPA typing and whose

typing profiles differed by just two bands, short-term genetic
instability is a likely explanation for the differences between
the strains. Consistent with this interpretation, the interval
between sampling events for this couple was approximately 50
days, whereas all the other couples were sampled on the same
day or within 5 days of each other. Discrepancies in OPA types
of sexual contacts have been reported previously. Among 21
pairs of isolates or larger groups of isolates from known
sexual contacts, O’Rourke et al. found 1 isolate that differed
from the isolates from the sexual contacts (19). Although an-
ecdotal, these findings suggest there is greater genetic instabil-
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ity of opa genes than of por genes and that OPA typing may be
less useful than POR sequencing for tracking transmission
beyond very recent sexual contacts.

Our study demonstrates that POR sequencing is comparable
to the OPA typing method of O’Rourke et al. (19) as a tech-
nique for characterizing gonococcal strains from sexual con-
tacts. Compared to the latter method, which relies on inter-
pretation of bands in a gel, DNA sequence data offer the
advantages of being objective and portable. As costs for se-
quencing decline, the method should become affordable for
most laboratory personnel who wish to type gonococcal strains.
Although we sequenced an approximately 1-kb DNA fragment
in two segments, a single, shorter, 220-bp fragment would have
provided the same epidemiological information and cut the
sequencing costs in half. Similar to other PCR-based methods,
typing by POR sequencing is rapid and, as we have previously
shown, can be done with urine specimens (28). The ability of
POR sequencing to identify sexual contacts should make the
method very useful for differentiating between endemic infec-
tion, where strains would be expected to exhibit high levels of
genetic variation, and an epidemic introduction, characterized
by the detection of an identical genotype in multiple individ-
uals.
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