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Abstract
Background: Quinolone-resistant Neisseria gonorrhoeae
has swiftly emerged in Canada. We sought to determine
its prevalence in the province of Ontario and to investigate risk factors for quinolone-resistant N. gonorrhoeae
infection in a Canadian setting.
Methods: We used records from the Public Health Laboratory of the Ontario Agency for Health Protection and Promotion in Toronto, Ontario, and the National Microbiology
Laboratory in Winnipeg, Manitoba, to generate epidemic
curves for N. gonorrhoeae infection. We extracted limited
demographic data from 2006 quinolone-resistant N. gonorrhoeae isolates and from a random sample of quinolonesusceptible isolates. We also extracted minimum inhibitory
concentrations for commonly tested antibiotics.
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Results: Between 2002 and 2006, the number of N. gonorrhoeae infections detected by culture decreased by 26%
and the number of cases detected by nucleic acid amplification testing increased 6-fold. The proportion of N. gonorrhoeae isolates with resistance to quinolones increased
from 4% to 28% over the same period. Analysis of 695
quinolone-resistant N. gonorrhoeae isolates and 688
quinolone-susceptible control isolates from 2006 showed a
higher proportion of men (odds ratio [OR] 3.1, 95% confidence interval [CI] 2.3–4.1) and patients over 30 years of
age (OR 3.1, 95% CI 2.4–3.8) in the quinolone-resistant
group. The proportion of men who have sex with men appeared to be relatively similar in both groups (OR 1.4, 95%
CI 1.1–1.8). Quinolone-resistant strains were more resistant
to penicillin (p < 0.001), tetracycline (p < 0.001) and erythromycin (p < 0.001). All isolates were susceptible to cefixime, ceftriaxone, azithromycin and spectinomycin.
Interpretation: During 2006 in Ontario, 28% of N. gonorrhoeae isolates were resistant to quinolones. Infections
in heterosexual men appear to have contributed significantly to the quinolone resistance rate. Medical practitioners should be aware of the widespread prevalence of
quinolone-resistant N. gonorrhoeae and avoid quinolone
use for empiric therapy.
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A

fter declining for a number of years, Neisseria gonorrhoeae infections are once more on the rise in Canada.
Between 1997 and 2007, reported incidence of the disease more than doubled, from 15 to 35 cases per 100 000.1 To
address the emergence of quinolone-resistant N. gonorrhoeae
strains, the empiric treatment regimens for N. gonorrhoeae infection were recently revised in the 2006 Canadian Guidelines on
Sexually Transmitted Infections.2,3 Quinolones are no longer recommended for empiric therapy for N. gonorrhoeae infection.3
In Canada, quinolone resistance in N. gonorrhoeae isolates
increased from an estimated 2% in 2001 to 16% in 2005.4 Demographic risk factors for quinolone-resistant N. gonorrhoeae infection have not been studied. American studies
have associated quinolone-resistant N. gonorrhoeae infection
with men who have sex with men,5,6 antibiotic use,5,7 age
above 35 years,5 HIV infection5 and travel to Asia.6 Public
health data from the provinces of Quebec8 and Alberta2 have
also suggested an association between quinolone-resistant infection and men who have sex with men. In this study we
generated epidemic curves for N. gonorrhoeae and
quinolone-resistant N. gonorrhoeae infection in the province
of Ontario. We also investigated demographic risk factors for
quinolone-resistant N. gonorrhoeae infection.

Methods
The province of Ontario is the most populous in Canada. Its
12 160 282 inhabitants account for 38% of the Canadian population. 9 The province covers a large geographic area
(917 741 km2) in the east-central part of the country, with its
most densely settled areas in the southern Great Lakes region.
The Greater Toronto Area is the most heavily populated metropolitan region in Ontario (population 5 555 912).9
In this study, we used records for the year 2006 from the
Public Health Laboratory of the Ontario Agency for Health Pro-
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tection and Promotion in Toronto, Ontario, and the National Microbiology Laboratory in Winnipeg, Manitoba. The National
Microbiology Laboratory is Canada’s reference laboratory for
the identification and susceptibility testing of N. gonorrhoeae.
The Public Health Laboratory performs routine susceptibility
testing for N. gonorrhoeae. It captures virtually all N. gonorrhoeae culture isolates from the province of Ontario and performs nucleic acid amplification testing for N. gonorrhoeae detection. Other private and academic laboratories in Ontario also
perform molecular testing for N. gonorrhoeae.
We extracted limited demographic data that included
specimen type, testing agency, patient sex and age from all
quinolone-resistant isolates of N. gonorrhoeae from 2006 in
Ontario and from a random sample of quinolone-susceptible
N. gonorrhoeae isolates. We selected controls using a 1:1
case-to-control ratio with equal frequency from all months.

We classified rectal specimens from men and specimens originating from 2 clinics known to see large numbers of men
who have sex with men as those deriving from men who have
sex with men. Where patients had multiple gonococcal isolates from a single visit to a clinic, we chose the most resistant isolate for inclusion in our study.
We obtained data from the records of the Public Health
Laboratory on penicillinase production and on the minimum
inhibitory concentrations of penicillin, ciprofloxacin, tetracycline, spectinomycin, erythromycin, cefixime and ceftriaxone.
We extracted data on the minimum inhibitory concentrations
of azithromycin from the records of the National Microbiology Laboratory. We designated isolates with resistance to
penicillin, tetracycline and erythromycin as “chromosomally
mediated resistance in N. gonorrhoeae”, a marker of multidrug resistance.

Results
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Figure 1: Total number of Neisseria gonorrhoeae isolates detected by culture and by
nucleic acid amplification test at the Ontario Public Health Laboratory, 2002–2006.
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Figure 2: Total number of quinolone-susceptible and quinolone-resistant Neisseria
gonorrhoeae isolates in Ontario, 2002–2006.
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The number of N. gonorrhoeae infections
diagnosed by the Public Health Laboratory
increased over the study period (Figure 1).
Between 2002 and 2006, the number of
cases of infection detected by culture decreased by 26% (from 3385 to 2499). The
number detected by nucleic acid amplification testing increased nearly 6-fold
(from 303 to 1813). The proportion of N.
gonorrhoeae isolates with resistance to
quinolone increased from 4% to 28% over
the same period (Figure 2). We noted a
rate of quinolone resistance of 55% at a
clinic known to serve men who have sex
with men.
We identified 695 quinolone-resistant
N. gonorrhoeae cases and 688 quinolonesusceptible N. gonorrhoeae controls for
further analysis. The characteristics of
each group are summarized in Table 1.10
The quinolone-resistant group had a higher
proportion of men (p < 0.001) and patients
over 30 years of age (p < 0.001). Among
the men, the proportion who have sex with
men was similar in the quinolone-resistant
and quinolone-susceptible groups (p =
0.63). A multivariable analysis of data restricted to isolates from men showed that
having sex with men was not a statistically
significant predictor of quinolone resistance after controlling for age above 30
years (p = 0.93).
Compared with the culture isolates in the
quinolone-susceptible group, the culture isolates in the quinolone-resistant group were
more resistant to penicillin (p < 0.001), tetracycline (p < 0.001) and erythromycin (p <
0.001). The latter group were also more
likely than the quinolone-susceptible group

Research
to be multi-drug resistant (p < 0.001). All isolates were susceptible to cefixime, ceftriaxone, azithromycin and spectinomycin.

Interpretation
The prevalence of quinolone-resistant N. gonorrhoeae has increased rapidly in Ontario since 2002, rising to 28% in 2006.
The magnitude of the rate of resistance to quinolones is unusually high by any threshold reported in North America. Given
Ontario’s large population and its status as a major economic

centre and national transit hub, its epidemiologic trends are
likely to influence trends in other provinces of Canada.
In the United States, the Gonococcal Isolate Surveillance
Program is coordinated by the US Centers for Disease Control and Prevention. The program monitors antimicrobial resistance in N. gonorrhoeae using data from selected regional
laboratories and sexually transmitted infection clinics across
the United States.11 Resistance to quinolones was reported in
14% of surveillance isolates in the 2006 annual report of the
program. However, closer examination of the data reveals

Table 1: Univariable analysis of characteristics of quinolone-resistant Neisseria gonorrhoeae isolates (cases) and
quinolone-susceptible isolates (controls) in Ontario, 2006
Quinolone-resistant
isolates,* %
n = 695†

Quinolone-susceptible
isolates,* %
n = 688

Odds ratio (95% CI)

p value

Male

89.4

73.2

3.1 (2.3–4.1)

< 0.001

Female

10.6

26.8
3.1 (2.4–3.8)††

< 0.001

3.2

7.3

20–29

29.6

52.6

30–39

30.4

25.4

40–49

25.3

11.2

≥ 50

11.5

3.5

Yes

29.9

23.6

No

70.1

76.4

Characteristic
Patient sex

Patient age, yr
< 20

Patient is man who has sex
with men
1.4 (1.1–1.8)

0.63

7.4 (3.9–14.0)

< 0.001

Antibiotic susceptibility
Penicillin‡
Resistant or intermediate

98.4

89.4

Susceptible

1.6

10.6

Penicillinase-producing
N. gonorrhoeae

3.4

3.5

1.0 (0.6–1.8)

0.97

98.0

81.1

11.3 (6.4–19.9)

< 0.001

2.0

18.9

Resistant or intermediate

66.2

14.8

11.2 (8.6–14.6)

< 0.001

Susceptible

33.8

85.2

Yes

19.7

1.2

20.9 (10.1–42.9)

< 0.001

No

80.3

98.8

Tetracycline§
Resistant or intermediate
Susceptible
Erythromycin¶

Multidrug resistant**

The minimum inhibitory concentration breakpoints of the Clinical and Laboratory Standards Institute (CLSI) were used to determine antibiotic
susceptibility status for all antibiotics except erythromycin.
*The CLSI minimum inhibitory concentration breakpoints for ciprofloxacin were as follows: susceptible = ≤ 0.06 μg/mL, intermediate = 0.12–0.5 μg/mL
and resistant = ≥ 1 μg/mL.
†One of the isolates had a minimum inhibitory concentration of 0.5 μg/mL (intermediate).
‡The CLSI minimum inhibitory concentration breakpoints for penicillin were as follows: susceptible = ≤ 0.06 μg/mL, intermediate = 0.12–1.0 μg/mL,
resistant = ≥ 2 μg/mL.
§The CLSI minimum inhibitory concentration breakpoints for tetracycline were as follows: susceptible = ≤ 0.25 μg/mL, intermediate = 0.5–1.0 μg/mL,
resistant = ≥ 2 μg/mL.
10
¶The minimum inhibitory concentration breakpoint for erythromycin resistance was ≥ 2 μg/mL.
**Chromosomally mediated resistance in N. gonorrhoeae.
††For age above 30 years.
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wide regional variations. Some west coast regions reported
quinolone resistance in as many as 35%–45% of isolates,
whereas northeastern and southern surveillance sites reported
rates lower than 10%.11 N. gonorrhoeae isolates in Ontario
appear to be approaching the levels of quinolone-resistance
that are seen in west coast areas of the United States.
The Gonococcal Isolate Surveillance Program reported
that 39% of isolates from men who have sex with men were
resistant to quinolone.11 Our study found resistance in 55% of
the isolates that originated from a clinic known to serve large
numbers of men who have sex with men. To our knowledge,
this rate of resistance has not been reported for any population in North America to date.
Our findings reinforce the current recommendations in
Canada that quinolones not be used for empiric therapy for
N. gonorrhoeae infection.3 The use of ciprofloxacin and
ofloxacin should be limited to instances in which susceptibility to quinolone has been proven.3 Anecdotally, the use of
quinolones for the empiric treatment of N. gonorrhoeae infection appears to persist in the community, perhaps because of
the convenience, safety and tolerability of quinolones.
All of the isolates in our study were susceptible to cefixime and ceftriaxone, which indicates that these drugs remain suitable for empiric therapy in Canada. However,
isolates with reduced susceptibility to third-generation
cephalosporins have been reported in Asia12,13 and the United
States.11 In people with an allergy to β-lactam, a single oral
dose of 2 g of azithromycin or a single oral dose of 2 g of
spectinomycin administered intramuscularly are options.3 Unfortunately, the azithromycin regimen has been associated
with significant gastrointestinal side effects,3 and resistance to
azithromycin has been reported in the United States.11 Access
to spectinomycin is limited to the Health Canada Special Access Program and is not suitable for treatment of pharyngeal
N. gonorrhoeae infection.3 The significant rates of resistance
to penicillin, tetracycline and erythromycin in our study preclude their empiric use in Ontario.
Continued testing for antibiotic susceptibility is necessary to
ensure that N. gonorrhoeae infections with multi-drug resistance
are quickly identified and contained.14 This will be a challenge
because the use of urine specimens for molecular testing, in place
of more invasive urethral and endocervical specimens, has been
gaining popularity. Molecular testing is rapidly replacing conventional culture, which is required for susceptibility testing.

testing for N. gonorrhoeae infection needs to be communicated
to clinicians, laboratories and public health organizations.
Currently at the national level, no formal surveillance program is in place to collect and compare data on the rates of
quinolone-resistant N. gonorrhoeae infection across Canada.
Ultimately, a national sentinel surveillance system will be necessary to ensure that susceptibility testing continues and that
antimicrobial susceptibility in N. gonorrhoeae is monitored.14
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the volume and impact of those tests are not currently available.
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Conclusions
The Public Health Agency of Canada continues to recommend
the use of culture testing over tests using nucleic acid amplification in an effort to maintain susceptibility testing for both patient
management and surveillance.3 The importance of using culture
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