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Abstract

Background: The Gonococcal Antimicrobial Surveillance Programme is a passive surveillance 
system that has monitored antimicrobial resistance in Neisseria gonorrhoeae in Canada since 
the 1980s. This article summarizes the demographics, antimicrobial resistances and NG-MAST 
(N. gonorrhoeae multiantigen sequence typing) for cultures collected in 2020.

Methods: The National Microbiology Laboratory (NML) in Winnipeg received resistant  
N. gonorrhoeae cultures from provincial and territorial public health laboratories. Agar dilution 
was used to determine the minimum inhibitory concentrations to ten antimicrobials for all 
cultures received at NML, according to Clinical and Laboratory Standards Institute guidelines. 
The NG-MAST typing was also determined for each culture.

Results: A total of 3,130 N. gonorrhoeae cases were cultured across Canada in 2020; a 36% 
decrease from 2019 (n=4,859). The level of decreased susceptibility to cefixime increased 
significantly between 2016 and 2020 to 2.8% (p=0.0054). Decreased susceptibility to 
ceftriaxone declined significantly between 2016 (1.8%) and 2020 to 0.9% (p=0.001), and 
there was no significant change with azithromycin between 2016 (7.2%) and 2020 (6.1%). The 
proportion of cultures with an azithromycin minimum inhibitory concentrations of ≥1 mg/L 
increased significantly from 11.6% in 2016 to 15.3% in 2020 (p=0.0017). The most common 
NG-MAST type in Canada for 2020 was sequence type (ST)-11461, while ST-12302 was most 
commonly associated with azithromycin resistance and ST-16639 with cephalosporin decreased 
susceptibility.

Conclusion: Antimicrobial resistance in N. gonorrhoeae remains an important public health 
concern and continued surveillance is imperative to monitor trends to ensure the recommended 
therapies will be the most effective.
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Introduction

Neisseria gonorrhoeae is the causative agent of gonorrhoeae, 
which is the second most reported bacterial sexually transmitted 
infection (STI) in Canada. In 2019, there were 35,443 cases 
reported in Canada; more than double the number of cases 
reported in 2014 (1). Similarly, the incidence of infections has 
increased from 45.9/100,000 to 94.3/100,000 during that 
timeframe (2).

Due to the ability of N. gonorrhoeae to evolve and develop 
resistance to antimicrobials that are used to treat infections, 
the World Health Organization released a global action plan 
to control the spread and impact of antimicrobial resistance 
(AMR) N. gonorrhoeae in 2012 and the Canadian Antimicrobial 
Resistance Surveillance System advised caution with regards 
to multidrug-resistant gonorrhea in 2020 (3–5). Of particular 
concern are isolates with either decreased susceptibility to third-
generation cephalosporins or resistance to azithromycin, which 
are part of the currently recommended treatment regimen of 
ceftriaxone (250 mg intramuscularly plus azithromycin 1 g orally) 
(6). In Canada, there were two cases of cephalosporin-resistant 
N. gonorrhoeae between 2017 and 2020 and several cases of 
high-level azithromycin resistance (1,7,8).

Since the 1980s, the Gonococcal Antimicrobial Surveillance 
Programme has run as a passive national surveillance program. 
Isolates that are submitted to this program undergo antimicrobial 
susceptibility testing and are characterized using N. gonorrhoeae 
multiantigen sequence typing (NG-MAST). The NG-MAST uses 
highly variable regions of the porB gene (PIB porin) and the 
tbpB gene (subunit B of transferrin-binding protein) alleles for 
molecular epidemiology of N. gonorrhoeae. The NG-MAST 
is a molecular typing method and can be used in outbreak 
investigations and to support treatment failure investigations. It 
has also shown a close association between a subset of sequence 
types (STs) and antimicrobial resistance, including azithromycin 
resistance and ST-12302 in Canada (9–11).

Gonorrhea most often presents as urethritis in males and 
cervicitis in females, though females are more likely to be 
asymptomatic (12). If cases of gonorrhoea are untreated, the 
bacterium can enter the blood and other sterile sites causing 
disseminated gonococcal infections (DGI). While uncommon, DGI 
cases can have severe morbidity, causing arthritis, dermatitis, 
migratory polyarthralgia, tenosynovitis and, in rare cases, 
endocarditis (13,14).

Antimicrobial resistant N. gonorrhoeae is continually evolving 
and new resistances can rapidly emerge. Continued surveillance 
of antimicrobial susceptibility and STs of N. gonorrhoeae is 
necessary to identify clusters, inform treatment guidelines and 
mitigate the impact of resistant gonorrhea. The severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic, 
which was declared by the World Health Organization in early 

2020, decreased the testing capacity of laboratories across 
Canada for N. gonorrhoeae culture; the number of isolates 
analyzed compared to previous years greatly decreased. This 
article summarizes the antimicrobial susceptibility trends and 
sequence typing of N. gonorrhoeae cultures in Canada for 2016–
2020.

Materials and methods

Surveillance
Surveillance of N. gonorrhoeae AMR in Canada consists of 
a voluntary passive laboratory system where provincial and 
territorial partners send N. gonorrhoeae cultures to the National 
Microbiology Laboratory (NML). Isolates cultured between 
January 1 and December 31, 2020, were received from Alberta, 
British Columbia, Manitoba, New Brunswick, Northwest 
Territories, Nova Scotia, Ontario, Québec and Saskatchewan. 
In 2020, a total of 3,130 N. gonorrhoeae isolates were cultured 
in Canada: 1,628 viable cultures that were resistant to at 
least one antibiotic were submitted to NML for antimicrobial 
susceptibility testing and molecular typing; 1,089 cultures were 
tested by provincial and territorial laboratories and antimicrobial 
susceptibility testing results were submitted to NML. The 
remaining 413 presumed susceptible cultures that were tested 
by provincial and territorial laboratories in 2020 were not 
submitted to NML but were included in the final denominator 
used throughout this article. The total number of cultures from 
each province or territory and the number of cultures with 
resistance to at least one antimicrobial are given in Table S1. The 
main denominator used throughout this article is 3,130, unless 
otherwise noted.

Isolate testing
All N. gonorrhoeae cultures received by NML (n=1,628) were 
tested for antimicrobial susceptibility using the agar dilution 
method to determine their minimum inhibitory concentrations 
(MICs) for ten antimicrobials (penicillin, tetracycline, 
erythromycin, spectinomycin, ciprofloxacin, ceftriaxone, cefixime, 
azithromycin, ertapenem and gentamicin). Interpretation of 
results are made in accordance with the Clinical and Laboratory 
Standards Institute, except for ceftriaxone and cefixime, 
which used the World Health Organization guidelines and 
erythromycin, ertapenem and gentamicin, which were based on 
publications (4,15–19). Penicillin, tetracycline, erythromycin and 
azithromycin were all resistant at a MIC ≥2 mg/L. Ciprofloxacin 
was resistant at a MIC of at ≥1 mg/L, gentamicin at a MIC of  
≥32 mg/L, and spectinomycin at a MIC of ≥128 mg/L. 
Ceftriaxone has decreased susceptibility at a MIC  
≥0.125 mg/L, cefixime has decreased susceptibility at a MIC of 
≥0.25 mg/L, and ertapenem is non-susceptible at ≥0.063 mg/L 
(Table S2). Additional testing for the presence of β-lactamase 
was performed on all cultures received by NML and polymerase 
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chain reaction detection of the tetM plasmid was done when 
tetracycline MICs were ≥16 mg/L. Isolates were categorized as 
susceptible, resistant, multidrug-resistant (MDR; either decreased 
susceptibility or resistance to one recommended therapy plus at 
least two other antibiotics) or extensively drug-resistant (XDR; 
decreased susceptibility/resistance two currently recommended 
therapies plus resistance to at least two other antibiotics).

Cultures were also analyzed for molecular genotyping using  
NG-MAST (10). Sanger sequencing of both strands were 
assembled using SeqMan Pro 15 (DNAStar, Madison, 
Wisconsin, United States). Sequences were submitted to the 
PubMLST Neisseria spp. database to determine STs. Due to the 
decommissioning of the previous NG-MAST website (http://
www.ng-mast.net), which resulted in the deletion of several 
thousand previously identified STs, some of the STs in this article 
contain updated allelic profiles from previous years.

Data analysis
Demographic information submitted with the N. gonorrhoeae 
isolates included age, sex, isolation site, province and date of 
collection. Multiple isolates collected from the same patient 
within four weeks and with the same NG-MAST ST were 
considered to be duplicates. Determination of the isolate to 
be deemed a duplicate was based on a hierarchy of isolation 
sites, with isolates taken from a sterile site being first priority 
for inclusion (and marked as DGI), a throat isolate being second 
priority, followed by rectum, then the urogenital tract. For each 
figure, the denominator used is included in the footnote(s). The 
AMR trends for azithromycin, cefixime and ceftriaxone were 
analysed at both the provincial or territorial level and at the 
national level, while the correlation of the most common  
NG-MAST STs with AMR is also examined. Statistical significance 
of trends was assessed using the Cochran Armitage test of trend, 
with a p-value of <0.05 considered significant.

Results

Isolates tested, demographics and isolation 
sites

Of the 3,130 isolates from across Canada in 2020, 70.1% had 
resistance to at least one antimicrobial (Table S1). In Canada 
over 80% of gonorrhoea cases were diagnosed using nucleic 
acid amplification tests (Figure 1), while the remaining ~20% 
cases were cultured (20). The technology for the prediction of 
antimicrobial susceptibility from a nucleic acid amplification test 
is complex and is currently offered as a laboratory-developed 
test by some research and reference laboratories, but the current 
gold standard requires culture.

In 2020, of those cultures sent to NML (n=2,679), 70.2% 
(n=1,880/2,679) came from individuals between the ages of 21 
and 40 years, 21.9% (n=586/2,679) from individuals 41 years 

of age and older and 7.9% (n=213/2,679) from individuals 
younger than 21 years of age. The majority of isolates (82.9%; 
n=2,220/2,679), came from males, 16.6% (n=446/2,679) from 
females and 0.5% (n=13/2,679) came from either gender diverse 
or patients whose gender was not given. Most common overall 
isolation site for males was penis/urethra (60.9%, n=1,352/2,220) 
while for females it was the throat (32.1%, n=143/446). For more 
details on ages of patients and isolation sites see Table S3.

Antimicrobial resistance trends in 
antimicrobials not included in the 
recommended treatment guidelines 2016–
2020
National trends of gonococcal antimicrobial susceptibilities 
for 2008–2020 indicated that of the antimicrobials that were 
not currently part of the recommended treatment regimens, 
ciprofloxacin was the only one to have seen a continuing increase 
in the level of resistance in recent years, increasing from 22.0% 
in 2008 to 56.5% in 2020. Penicillin resistance peaked in 2010 at 
25.1% but fell to 7.0% in 2020. Tetracycline resistance decreased 
from 56.4% in 2015 to 43.1% in 2020. Erythromycin resistance 
fell from its peak at 57.0% in 2017 to 32.5% in 2020 (Figure 2).
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Figure 1: Neisseria gonorrhoeae cases in Canada, 2011 
to 2019a

a Only 15%–20% of all gonorrhea cases were diagnosed by culture in Canada, the rest was 
detected using nucleic acid amplification test technology. Number of reported cases for 2020 
had not yet been determined at the time of publication
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Figure 2: Percentage of antimicrobial resistance of 
Neisseria gonorrhoeae tested in Canada, 2008–2020a,b

a Percentages are based on the total number of isolates tested nationally: 2008=3,907; 
2009=3,106; 2010=2,970; 2011=3,360; 2012=3,036; 2013=3,195; 2014=3,809; 2015=4,190; 
2016=4,538; 2017=5,290; 2018=5,607; 2019=4,859; 2020=3,130
b Due to some provinces not testing all seven antimicrobials in 2017, 2018 and 2019 penicillin 
denominators were 3,267, 3,883, 3,822 and 2,409, respectively; erythromycin denominators were 
2,879, 3,418, 3,446 and 2,025, respectively; and tetracycline denominator in 2020 was 2,409

https://pubmlst.org/organisms/neisseria-spp
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Cefixime antimicrobial resistance in Canada, 
2016–2020

Cefixime decreased susceptibility (CeDS, MIC ≥0.25 mg/L) has 
seen a significant increase (p=0.0054) from 0.30% in 2016 to 
2.8% in 2020, which is almost double from 1.5% in 2019  
(Figure 3). The proportion of strains with higher MICs  
(≥0.25 mg/L) increased significantly during this timeframe as 
well (p=0.0054), see Table S4 for complete break down of the 
proportion of MICs. The MDR strains with CeDS also increase 
significantly (p<0.0001) (Figure S1).

Ceftriaxone antimicrobial resistance in Canada, 
2016–2020

Ceftriaxone decreased susceptibility (CxDS, MIC ≥0.125 mg/L) 
decreased significantly, falling from 1.8% in 2016 to 0.9% in 2020 
(p=0.001) (Figure 4). The proportion of MDR isolates with CxDS 
decreased significantly (p<0.0001) as well, from 18.2% in 2016 to 
4.6% in 2020. The proportion of MDR isolates with both CeDS 
and CxDS increased significantly (p<0.0001) (Figure S1) from 
1.2% in 2016 to 10.0% in 2020.

Azithromycin antimicrobial resistance in 
Canada, 2016–2020

Azithromycin resistance (AziR) did not change significantly from 
2016 to 2020 for cultures that had a MIC ≥2 mg/L as shown 
in Figure 5. For cultures that had a MIC ≥1 mg/L, there was a 
significant increase (p=0.0017) from 11.6% in for 2016 to 15.3% 
in 2020 (Figure 6).

The number of MDR cultures that were AziR increased 
significantly from 78.3% in 2016 to 97.0% in 2020 (p<0.0001) 
(Figure S1). Between 2016 and 2020, there was a significant 
decrease in the number of MDR cultures (p=0.0117) from 8.9% 
to 6.3% (Figure S2). There was no significant change in the 
number of XDR cultures between 2016 (n=1) and 2020 (n=2) 
(Figure S3). A full list of all XDR cases found in Canada is given in 
Table S5.

Within Canada over the past five years there has been a 
significant increase (<0.0001) in DGI cases from 0.03% 
(n=6/23,708) in 2016 to 0.20% (n=71/35,443) in 2020.
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Figure 3: Percentage of Neisseria gonorrhoeae cultures 
with decreased susceptibility to cefixime by province, 
2016–2020a,b

a Provinces included in this figure are only those that submitted at least one culture to the 
National Microbiology Laboratory that had decreased susceptibility to cefixime
b Denominators used for the calculations of the percentages are the number of cultures tested in 
each province (data in Table S1)
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Figure 4: Percentage of Neisseria gonorrhoeae 
cultures with decreased susceptibility to ceftriaxone by 
province, 2016–2020a,b

a Provinces included in this figure are only those that submitted at least one culture to the 
National Microbiology Laboratory that had decreased susceptibility to ceftriaxone
b Denominators used for the calculations of the percentages are the number of cultures tested in 
each province (Table S1)

2016 2017 2018 2019 2020

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

20%

P
er

ce
nt

ag
e 

o
f 

is
o

la
te

s

Year

Alberta

British Columbia
Manitoba

New Brunswick

Nova Scotia

Ontario
Québec

Saskatchewan
National

Figure 5: Percentage of azithromycin-resistant Neisseria 
gonorrhoeae cultures by province, 2016–2020a,b

a Provinces included in this figure are only those that submitted at least one culture to the 
National Microbiology Laboratory that was azithromycin resistant
b Denominators used for the calculations of the percentages are the number of cultures tested in 
each province (Table S1). Newfoundland and Labrador had one azithromycin resistant isolate in 
2019
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NG-MAST sequence type trends in Canada, 
2016–2020

In total, 1,590 cultures were successfully typed for NG-MAST in 
2020. The most frequently detected NG-MAST sequence type 
in Canada was ST-11461 (n=128), followed by ST-14994 (n=73) 
and ST-12302 (n=73). As shown in Figure 7, ST-12302, ST-11724, 
ST-19854 and ST-15246 all have high proportions of the cultures 
that are AziR. The ST-16639 has a high proportion of cultures 
with either CeDS or CxDS. The number of isolates for each ST 
that were from each province and territory is shown in  
Figure S4, while Figure S5 shows the trends of some common 
STs over time. Of note is the sharp decrease in the number of  
ST-12302 and ST-14994 in 2020 (Figure S5).

Discussion

On March 11, 2020, the World Health Organization declared the 
outbreak of the coronavirus, SARS-CoV-2, a global pandemic 
(21,22). This global emergency had a cascading effect on all 
aspects of public health and infectious disease surveillance. 
From the laboratory perspective, due to the redistribution of 
laboratory personnel in response to the SARS-CoV-2 pandemic, 
STI laboratory testing numbers dropped dramatically across 
Canada, with multiple jurisdictions suspending their STI testing 
entirely at times throughout 2020 (22,23). This redistribution of 
labour led to a decrease in the total number of N. gonorrhoeae 
cultures collected in public health laboratories across Canada 
by 36% between 2019 and 2020; from 4,859 cultures in 2019 
to 3,130 in 2020 (Table S1). While the number of reported 
gonorrhea cases in Canada in 2020 has not yet been reported, 
multiple countries have reported estimates on 1) the impact on 
surveillance of gonorrhea AMR, 2) adherence to recommended 
treatment guidelines and 3) under-reporting of cases of STIs 
in 2020 due to the lockdowns and reassignment of laboratory 
staff (24–26). The full effect of the SAR-CoV-2 pandemic on the 
surveillance of N. gonorrhoeae AMR will not be fully known for 
several years (27).

Decreased susceptibility to cefixime had been declining in 
Canada and Europe since the early 2010s (28–30). While more 
recent data from Europe has not yet been published, Canada has 
seen a rapid and significant increase in the level of gonococcal 
isolates with CeDS since 2018 (Figure 3). What is driving this 
increase is unclear, although there has been an increase in  
ST-16639, and the majority of these cultures have a cefixime MIC 
≥0.25 mg/L. This ST was first detected in Canada in 2019 (n=38) 
and increased in 2020 (n=53). This trend in ST-16639 isolates 
should be carefully monitored going forward to inform public 
health actions.

Another factor that could be contributing to this increase in 
CeDS is a possible increase in the use of oral therapy, specifically 
using the combination therapy of 800 mg cefixime plus 1 g 
azithromycin during the various lockdowns that occurred across 
Canada in 2020. Because cefixime is an oral medication (versus 
the intramuscular injection delivery required for ceftriaxone) it 
is simpler for delivery to patients during times of limited health 
services and telehealth appointments.

The national level of AziR in Canada did not differ significantly 
between 2017 and 2020, although there was some variability 
from year to year. Part of this annual variability is due to 
geographical variability in AziR, with some regions having now 
updated their treatment protocols in response to these data (31). 
The effects of these updated treatment recommendation on the 
AziR rates in those regions will be determined with continued 
surveillance. Much of the increase in AziR levels between 2013 
and 2018 was driven by ST-12302, which has a strong association 
with low-level resistance to azithromycin (11). Since 2017, the 
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number of ST-12302 cultures sent to NML has decreased steadily, 
which could be a factor in the plateauing of AziR.

While the percentage of cultures with azithromycin MICs at or 
above the break point of 2 mg/L has remained steady since 2017, 
the number of N. gonorrhoeae cultures with a MIC of 1 mg/L has 
increased significantly during that time (Figure 6). The cause of 
this shift is unclear, though in NML’s whole genome sequencing 
data, when looking at the single-nucleotide polymorphisms that 
are associated with AziR, many strains contain the mosaic mtrR 
promoter, which is associated with decreased susceptibility to 
azithromycin in N. gonorrhoeae (32). While there is potentially 
an ongoing shift in azithromycin MIC in Canada, being driven by 
the prominence of the mosaic mtrR promoter, other jurisdictions, 
most notably Australia, have set their breakpoint for azithromycin 
at 1 mg/L, which is also the epidemiological cut-off value from 
European Committee on Antimicrobial Susceptibility Testing 
(33,34). While Canada has not seen an increase in reported 
treatment failures for gonorrhea, due to dual therapy being the 
recommended treatment method, this rise in azithromycin MIC  
1 mg/L is of concern and should be monitored.

Since 2016, there has been a national increase in the number of 
DGI cases. While this increase is uneven across Canada, more 
emphasis on detection, investigation and culturing of these 
cases should be made. What differentiates an uncomplicated 
N. gonorrhoeae infection from one that becomes a DGI is 
still unclear, although there is some evidence that it is linked 
to certain N. gonorrhoeae virulence factors, particularly porB 
protein structures type “A", due to its role in the interaction 
of the complement system (35). This can lead to the ability of 
N. gonorrhoeae to spread to sterile sites throughout the body, 
which can cause far greater morbidity. Provinces and territories 
across Canada should consider more closely monitoring and 
tracking these serious cases.

Limitations
An important limitation to consider when interpreting the data 
presented in this article is that submission of isolates is voluntary 
and is not standardized across the country; therefore, the overall 
interpretation of the results is difficult due to the limitations 
related to the isolates available for testing. Only a subset of 
laboratory isolates from each province may have been submitted 
for testing; thus, this article does not reflect true incidence or 
rates of antimicrobial resistance in Canada.

Due to the SAR-CoV-2 pandemic and the reallocation of 
laboratory resources that followed, there was a decrease in the 
number of N. gonorrhoeae cultures that were grown across 
Canada and submitted to NML. This might have led to some 
trends being over- or under-reported due to the differing 
surveillance capabilities in each of the provinces and territories 
throughout the pandemic.

Conclusion
Though the number of isolates collected decreased in 2020 in 
comparison to previous years, N. gonorrhoeae AMR remains 
an important public health concern. In the past five years, there 
has been a significant increase in the proportion of cultures with 
decreased susceptibility to cefixime, a significant increase in the 
number of DGI cases across the country, and a change in the 
most prevalent NG-MAST ST. Significant changes were not seen 
with antimicrobials. Continued surveillance of  
N. gonorrhoeae AMR in Canada is imperative to monitor these 
trends, as well as to detect clonal outbreaks, to identify new 
or emerging types of antimicrobial resistance and to help to 
ensure that national treatment guidelines will continue to advise 
effective treatment regimens. Enhancing surveillance to include 
linked epidemiological and laboratory data would address the 
limitations regarding data representativeness and interpretation 
in the current passive surveillance system. The Enhanced 
Surveillance of Antimicrobial Resistant Gonorrhea was initiated in 
2014 and has been implemented to fill this gap.

Authors’ statement
RT — Formal analysis, validation, investigation, data curation, 
visualization, writing–original draft, review and editing of final 
version
PS — Formal analysis, validation, investigation, data curation, 
visualization
BL — Resources, methodology, writing–review and editing
MD — Resources, methodology, writing–review and editing
LH — Resources, methodology, writing–review and editing
SP — Resources, methodology, writing–review and editing
PVC — Resources, methodology, writing–review and editing
JM — Resources, methodology, writing–review and editing
RG — Resources, methodology, writing–review and editing
MM — Resources, methodology, writing–review and editing
DH — Resources, methodology, writing–review and editing
GG — Writing–review and editing
MRM —– Methodology, writing–review and editing
IM — Conceptualization, validation, methodology, supervision, 
project administration, writing–review and editing

Competing interests
None.

Acknowledgements

We thank G Liu, N Nordal-Budinsky, and N Barairo from the 
Streptococcus and Sexually Transmitted Diseases Unit at NML 
for their laboratory assistance, and L Lourenço, C Lybeck, and 
K Stairs from the STI and Hepatitis Section at the Centre for 
Communicable Diseases and Infection Control Branch for their 
epidemiological support. We thank the staff of provincial and 
public health laboratories in Canada for their participation in this 



SURVEILLANCE

Page 577 CCDR • November/December 2022 • Vol. 48 No. 11/12

national laboratory surveillance program, particularly during the 
SARS-CoV-2 pandemic.

Funding

This project was supported by internal funding from the Public 
Health Agency of Canada.

Supplemental material

These documents can be accessed on the Supplemental material 
file.

Table S1: Summary of the Neisseria gonorrhoeae cultures, 
submitted antimicrobial resistance testing results, and laboratory 
data received by the National Microbiology Laboratories from 
participating provinces and territory, 2016–2020
Table S2: Neisseria gonorrhoeae agar dilution antimicrobial 
testing ranges and minimum inhibitory concentration 
interpretations
Table S3: Age of patient and isolation site of the Neisseria 
gonorrhoeae cultures tested at the National Microbiology 
Laboratory, 2020 (n=2,679)
Table S4: Cefixime susceptibilities of Neisseria gonorrhoeae 
isolates tested by the National Microbiology Laboratory, 2016–
2020
Figure S1: Percentage MDR-GC cultures in Canada between 
2016 and 2020 broken down by whether they are resistant to 
azithromycin or if they have decreased susceptibility to either 
cefixime or ceftriaxone
Figure S2: Trends of multi-drug resistant Neisseria gonorrhoeae 
in Canada from 2016 to 2020
Figure S3: Trends of extensively drug-resistant Neisseria 
gonorrhoeae in Canada from 2016 to 2020
Table S5: All extensively drug-resistant Neisseria gonorrhoeae 
strains isolated in Canada (N=29)
Figure S4: Provincial distribution within Neisseria gonorrhoeae 
NG-MAST sequence types, 2020 (N=1,590)
Figure S5: Trends of prevalent NG-MAST sequence types 
of Neisseria gonorrhoeae isolates tested by the National 
Microbiology Laboratory, 2016–2020

References

1.	 Public Health Agency of Canada. National Surveillance of 
Antimicrobial Susceptibilities of Neisseria Gonorrhoeae 
Annual Summary 2018. Ottawa, ON: PHAC; 2020. 
https://www.canada.ca/en/public-health/services/
publications/drugs-health-products/national-surveillance-
antimicrobial-susceptibilities-neisseria-gonorrhoeae-annual-
summary-2018.html

2.	 Public Health Agency of Canada. Reported cases from 1924 
to 2019 in Canada - Notifiable diseases on-line. Ottawa, ON: 
PHAC; (modified 2021-07-20). https://dsol-smed.phac-aspc.
gc.ca/dsol-smed/ndis/charts.php?c=pl

3.	 Hook EW 3rd, Kirkcaldy RD. A Brief History of Evolving 
Diagnostics and Therapy for Gonorrhea: lessons Learned. 
Clin Infect Dis 2018;67(8):1294–9. DOI PubMed

4.	 World Health Organization. Global Action Plan to Control 
the Spread and Impact of Antimicrobial Resistance in 
Neisseria Gonorrhoeae. Geneva, CH: WHO; 2012.  
https://apps.who.int/iris/handle/10665/44863

5.	 Public Health Agency of Canada. Canadian Antimicrobial 
Resistance Surveillance System Report – Update 2020. 
Ottawa, ON: PHAC; 2020. https://www.canada.ca/en/
public-health/services/publications/drugs-health-products/
canadian-antimicrobial-resistance-surveillance-system-2020-
report.html

6.	 Public Health Agency of Canada. Gonorrhea guide: Key 
information and resources. Ottawa, ON: PHAC; 2020. 
https://www.canada.ca/en/public-health/services/infectious-
diseases/sexual-health-sexually-transmitted-infections/
canadian-guidelines/gonorrhea.html#a1.4

7.	 Lefebvre B, Martin I, Demczuk W, Deshaies L, Michaud S, 
Labbé AC, Beaudoin MC, Longtin J. Ceftriaxone-Resistant 
Neisseria gonorrhoeae, Canada, 2017. Emerg Infect Dis 
2018;24(2):381–3. DOI PubMed

8.	 Berenger BM, Demczuk W, Gratrix J, Pabbaraju K, 
Smyczek P, Martin I. Genetic Characterization and 
Enhanced Surveillance of Ceftriaxone-Resistant Neisseria 
gonorrhoeae Strain, Alberta, Canada, 2018. Emerg Infect Dis 
2019;25(9):1660–7. DOI PubMed

9.	 Mlynarczyk-Bonikowska B, Malejczyk M, Majewski S, Unemo 
M. Antibiotic resistance and NG-MAST sequence types of 
Neisseria gonorrhoeae isolates in Poland compared to the 
world. Postepy Dermatol Alergol 2018;35(6):546–551. DOI 
PubMed

10.	 Martin IM, Ison CA, Aanensen DM, Fenton KA, Spratt 
BG. Rapid sequence-based identification of gonococcal 
transmission clusters in a large metropolitan area. J Infect 
Dis 2004;189(8):1497–505. DOI PubMed

11.	 Sawatzky P, Demczuk W, Lefebvre B, Allen V, Diggle M, 
Hoang L, Van Caeseele P, Haldane D, Minion J, Mulvey MR, 
Martin I. Increasing Azithromycin Resistance in Neisseria 
gonorrhoeae Due to NG-MAST 12302 Clonal Spread in 
Canada, 2015 to 2018. Antimicrob Agents Chemother 
2022;66(3):e0168821. DOI PubMed

https://www.canada.ca/content/dam/phac-aspc/documents/services/reports-publications/canada-communicable-disease-report-ccdr/monthly-issue/2022-48/issue-11-12-november-december-2022/ccdrv48i1112a10s-eng.pdf
https://www.canada.ca/content/dam/phac-aspc/documents/services/reports-publications/canada-communicable-disease-report-ccdr/monthly-issue/2022-48/issue-11-12-november-december-2022/ccdrv48i1112a10s-eng.pdf
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/national-surveillance-antimicrobial-susceptibilities-neisseria-gonorrhoeae-annual-summary-2018.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/national-surveillance-antimicrobial-susceptibilities-neisseria-gonorrhoeae-annual-summary-2018.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/national-surveillance-antimicrobial-susceptibilities-neisseria-gonorrhoeae-annual-summary-2018.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/national-surveillance-antimicrobial-susceptibilities-neisseria-gonorrhoeae-annual-summary-2018.html
https://dsol-smed.phac-aspc.gc.ca/dsol-smed/ndis/charts.php?c=pl
https://dsol-smed.phac-aspc.gc.ca/dsol-smed/ndis/charts.php?c=pl
https://doi.org/10.1093/cid/ciy271
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29659749&dopt=Abstract
https://apps.who.int/iris/handle/10665/44863
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/canadian-antimicrobial-resistance-surveillance-system-2020-report.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/canadian-antimicrobial-resistance-surveillance-system-2020-report.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/canadian-antimicrobial-resistance-surveillance-system-2020-report.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/canadian-antimicrobial-resistance-surveillance-system-2020-report.html
https://www.canada.ca/en/public-health/services/infectious-diseases/sexual-health-sexually-transmitted-infections/canadian-guidelines/gonorrhea.html#a1.4
https://www.canada.ca/en/public-health/services/infectious-diseases/sexual-health-sexually-transmitted-infections/canadian-guidelines/gonorrhea.html#a1.4
https://www.canada.ca/en/public-health/services/infectious-diseases/sexual-health-sexually-transmitted-infections/canadian-guidelines/gonorrhea.html#a1.4
https://doi.org/10.3201/eid2402.171756
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29131780&dopt=Abstract
https://doi.org/10.3201/eid2509.190407
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31407661&dopt=Abstract
https://doi.org/10.5114/ada.2018.79780
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30618519&dopt=Abstract
https://doi.org/10.1086/383047
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15073688&dopt=Abstract
https://doi.org/10.1128/aac.01688-21
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34978884&dopt=Abstract


Page 578 

SURVEILLANCE

CCDR • November/December 2022 • Vol. 48 No. 11/12

12.	 Unemo M, Seifert HS, Hook EW 3rd, Hawkes S, Ndowa F, 
Dillon JR. Gonorrhoea. Nat Rev Dis Primers 2019;5(1):79. 
DOI PubMed

13.	 Boodman C, MacKenzie L, Navarro C, Alexander DC, Wuerz 
T. Gonococcal Endocarditis in a 54-Year-Old Man with Acute 
Arthritis. CMAJ 2022;193(50):E1918–20. DOI PubMed

14.	 Suzaki A, Hayashi K, Kosuge K, Soma M, Hayakawa S. 
Disseminated gonococcal infection in Japan: a case report 
and literature review. Intern Med 2011;50(18):2039–43.  
DOI PubMed

15.	 Clinical and Laboratory Standards Institute. Performance 
Standards for Antimicrobial Susceptibility Testing, 29th ed.; 
Clinical and Laboratory Standards Institute: Wayne, PA, 
2019. 

16.	 Ehret JM, Nims LJ, Judson FN. A clinical isolate of Neisseria 
gonorrhoeae with in vitro resistance to erythromycin and 
decreased susceptibility to azithromycin. Sex Transm Dis 
1996;23(4):270–2. DOI PubMed

17.	 Unemo M, Fasth O, Fredlund H, Limnios A, Tapsall J. 
Phenotypic and genetic characterization of the 2008 WHO 
Neisseria gonorrhoeae reference strain panel intended for 
global quality assurance and quality control of gonococcal 
antimicrobial resistance surveillance for public health 
purposes. J Antimicrob Chemother 2009;63(6):1142–51.  
DOI PubMed

18.	 Brown LB, Krysiak R, Kamanga G, Mapanje C, Kanyamula 
H, Banda B, Mhango C, Hoffman M, Kamwendo D, Hobbs 
M, Hosseinipour MC, Martinson F, Cohen MS, Hoffman 
IF. Neisseria gonorrhoeae antimicrobial susceptibility in 
Lilongwe, Malawi, 2007. Sex Transm Dis 2010;37(3):169–72. 
DOI PubMed

19.	 Daly CC, Hoffman I, Hobbs M, Maida M, Zimba D, Davis R, 
Mughogho G, Cohen MS. Development of an antimicrobial 
susceptibility surveillance system for Neisseria gonorrhoeae 
in Malawi: comparison of methods. J Clin Microbiol 
1997;35(11):2985–8. DOI PubMed

20.	 Public Health Agency of Canada. National Surveillance of 
Antimicrobial Susceptibilities of Neisseria Gonorrhoeae 
Annual Summary 2019. Ottawa, ON: PHAC; 2019. https://
publications.gc.ca/collections/collection_2022/aspc-phac/
HP57-3-2019-eng.pdf

21.	 Cucinotta D, Vanelli M. WHO Declares COVID-19 a 
Pandemic. Acta Biomed 2020;91(1):157–60. DOI PubMed

22.	 Public Health Agency of Canada. Survey on the Impact of 
COVID-19 on the Delivery of STBBI Prevention, Testing and 
Treatment Including Harm Reduction Services in Canada. 
Ottawa, ON: PHAC; 2021. https://www.canada.ca/en/public-
health/services/publications/diseases-conditions/survey-
impact-covid-19-delivery-stbbi-prevention-testing-treatment.
html

23.	 Chandler F. Testing for Certain STIs Resumes in Halifax after 
Pandemic Forced Suspension. CBC News. February 4, 2022. 
https://www.cbc.ca/news/canada/nova-scotia/sti-testing-
resumes-in-halifax-1.6338557

24.	 Pinto CN, Niles JK, Kaufman HW, Marlowe EM, Alagia DP, 
Chi G, Van Der Pol B. Impact of the COVID-19 Pandemic on 
Chlamydia and Gonorrhea Screening in the U.S. Am J Prev 
Med 2021;61(3):386–93. DOI PubMed

25.	 Mitchell HD, Vilaplana TG, Mandal S, Ratna N, Glancy M, 
Shah A, Simmons R, Penman C, Kirsebom F, Costella A, 
Brown AE, Mohammed H, Delpech V, Sinka K, Hughes G; UK 
Health Security Agency National STI, HIV and Viral Hepatitis 
Surveillance Group2. Effects of COVID-19 Pandemic 
Response on Service Provision for Sexually Transmitted 
Infections, HIV, and Viral Hepatitis, England. Emerg Infect 
Dis 2022;28(3):739–42. DOI PubMed

26.	 Gilbert M, Chang HJ, Ablona A, Salway T, Ogilvie GS, Wong 
J, Haag D, Pedersen HN, Bannar-Martin S, Campeau L, Ford 
G, Worthington C, Grace D, Grennan T. Accessing needed 
sexual health services during the COVID-19 pandemic in 
British Columbia, Canada: a survey of sexual health service 
clients. Sex Transm Infect 2022;98(5):360–5. DOI PubMed

27.	 Jenness SM, Le Guillou A, Chandra C, Mann LM, Sanchez T, 
Westreich D, Marcus JL. Projected HIV and Bacterial Sexually 
Transmitted Infection Incidence Following COVID-19-Related 
Sexual Distancing and Clinical Service Interruption. J Infect 
Dis 2021;223(6):1019–28. DOI PubMed

28.	 Martin I, Sawatzky P, Liu G, Allen V, Lefebvre B, Hoang 
L, Drews S, Horsman G, Wylie J, Haldane D, Garceau R, 
Ratnam S, Wong T, Archibald C, Mulvey MR. Decline in 
Decreased Cephalosporin Susceptibility and Increase in 
Azithromycin Resistance in Neisseria gonorrhoeae, Canada. 
Emerg Infect Dis 2016;22(1):65–7. DOI PubMed

29.	 Banhart S, Jansen K, Buder S, Tamminga T, Calvignac-
Spencer S, Pilz T, Martini A, Dudareva S, Nikisins S, Dehmel 
K, Zuelsdorf G, Guhl E, Graeber I, Kohl PK, Unemo M, 
Bremer V, Heuer D; GORENET study group. Molecular 
epidemiological typing of Neisseria gonorrhoeae isolates 
identifies a novel association between genogroup G10557 
(G7072) and decreased susceptibility to cefixime, Germany, 
2014 to 2017. Euro Surveill 2020;25(41):1–10. DOI PubMed

https://doi.org/10.1038/s41572-019-0128-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31754194&dopt=Abstract
https://doi.org/10.1503/cmaj.211038
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34930767&dopt=Abstract
https://doi.org/10.2169/internalmedicine.50.5586
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21921393&dopt=Abstract
https://doi.org/10.1097/00007435-199607000-00004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8836018&dopt=Abstract
https://doi.org/10.1093/jac/dkp098
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19318360&dopt=Abstract
https://doi.org/10.1097/OLQ.0b013e3181bf575c
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19901860&dopt=Abstract
https://doi.org/10.1128/jcm.35.11.2985-2988.1997
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9350775&dopt=Abstract
https://publications.gc.ca/collections/collection_2022/aspc-phac/HP57-3-2019-eng.pdf
https://publications.gc.ca/collections/collection_2022/aspc-phac/HP57-3-2019-eng.pdf
https://publications.gc.ca/collections/collection_2022/aspc-phac/HP57-3-2019-eng.pdf
https://doi.org/10.23750/abm.v91i1.9397
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32191675&dopt=Abstract
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/survey-impact-covid-19-delivery-stbbi-prevention-testing-treatment.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/survey-impact-covid-19-delivery-stbbi-prevention-testing-treatment.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/survey-impact-covid-19-delivery-stbbi-prevention-testing-treatment.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/survey-impact-covid-19-delivery-stbbi-prevention-testing-treatment.html
https://www.cbc.ca/news/canada/nova-scotia/sti-testing-resumes-in-halifax-1.6338557
https://www.cbc.ca/news/canada/nova-scotia/sti-testing-resumes-in-halifax-1.6338557
https://doi.org/10.1016/j.amepre.2021.03.009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34020848&dopt=Abstract
https://doi.org/10.3201/eid2803.211998
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35202537&dopt=Abstract
https://doi.org/10.1136/sextrans-2021-055013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34740976&dopt=Abstract
https://doi.org/10.1093/infdis/jiab051
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33507308&dopt=Abstract
https://doi.org/10.3201/eid2201.151247
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26689114&dopt=Abstract
https://doi.org/10.2807/1560-7917.ES.2020.25.41.1900648
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33063655&dopt=Abstract


SURVEILLANCE

Page 579 CCDR • November/December 2022 • Vol. 48 No. 11/12

30.	 Salmerón P, Viñado B, El Ouazzani R, Hernández M, Barbera 
MJ, Alberny M, Jané M, Larrosa N, Pumarola T, Hoyos-
Mallecot Y, Serra-Pladevall J. Antimicrobial susceptibility 
of Neisseria gonorrhoeae in Barcelona during a five-year 
period, 2013 to 2017. Euro Surveill 2020;25(42):1–9.  
DOI PubMed

31.	 Institut national d’excellence en santé et en services sociaux. 
Mise à jour du Protocole national pour le traitement 
d’une infection à Chlamydia trachomatis ou à Neisseria 
gonorrhoeae chez une personne asymptomatique Rapport 
en soutien au protocole. Québec, QC: INESSS; 2020  
https://www.inesss.qc.ca/fileadmin/doc/INESSS/
Ordonnances_collectives/Chlam-Gono/INESSS_PMN_
Chlamydia_Rapport_VF.pdf

32.	 Rouquette-Loughlin CE, Reimche JL, Balthazar JT, Dhulipala 
V, Gernert KM, Kersh EN, Pham CD, Pettus K, Abrams 
AJ, Trees DL, St Cyr S, Shafer WM. Mechanistic Basis for 
Decreased Antimicrobial Susceptibility in a Clinical Isolate of 
Neisseria gonorrhoeae Possessing a Mosaic-Like mtr Efflux 
Pump Locus. MBio 2018;9(6):e00281-18. DOI PubMed

33.	 Lahra MM, Hogan TR, Shoushtari M, Armstrong BH. 
Australian Gonococcal Surveillance Programme Annual 
Report, 2020. Commun Dis Intell (2018) 2021;45.  
DOI PubMed

34.	 European Committee on Antimicrobial Suseptibility Testing. 
Clinical breakpoints and dosing of antibiotics. Växjö 
(Sweden); EUCAST: 2022. https://www.eucast.org/clinical_
breakpoints

35.	 Rice PA. Gonococcal arthritis (disseminated gonococcal 
infection). Infect Dis Clin North Am 2005;19(4):853–61.  
DOI PubMed

CANADA 
COMMUNICABLE 
DISEASE REPORT

phac.ccdr-rmtc.aspc@canada.ca

Want to become a 
peer reviewer?

Contact the CCDR editorial team:

CCDR

https://doi.org/10.2807/1560-7917.ES.2020.25.42.1900576
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33094716&dopt=Abstract
https://www.inesss.qc.ca/fileadmin/doc/INESSS/Ordonnances_collectives/Chlam-Gono/INESSS_PMN_Chlamydia_Rapport_VF.pdf
https://www.inesss.qc.ca/fileadmin/doc/INESSS/Ordonnances_collectives/Chlam-Gono/INESSS_PMN_Chlamydia_Rapport_VF.pdf
https://www.inesss.qc.ca/fileadmin/doc/INESSS/Ordonnances_collectives/Chlam-Gono/INESSS_PMN_Chlamydia_Rapport_VF.pdf
https://doi.org/10.1128/mBio.02281-18
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30482834&dopt=Abstract
https://doi.org/10.33321/cdi.2021.45.58
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34711144&dopt=Abstract
https://www.eucast.org/clinical_breakpoints
https://www.eucast.org/clinical_breakpoints
https://doi.org/10.1016/j.idc.2005.07.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16297736&dopt=Abstract

