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Abstract: Neisseria gonorrhoeae antimicrobial resistance (NG AMR) has become an urgent concern
globally. The World Health Organization, the United States of America Centers for Disease Con-
trol, and other regulators have called to improve resistance-testing methods to enhance NG AMR
surveillance. NG AMR surveillance remains critical in informing treatment; unfortunately, this is
often lacking in settings with limited resources, such as Papua New Guinea (PNG). We conducted a
systematic review and a prevalence meta-analysis, and provided an overview of NG AMR in PNG.
We showed the lack of NG AMR data in the last decade, and emphasized the need for NG AMR
surveillance in PNG. Since NG AMR testing by the NG culture method is unreliable in PNG, we
suggested using molecular tests to complement and enhance NG AMR surveillance.
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1. Background

One of the most urgent threats to sexual health globally is the progressive development
and spread of Neisseria gonorrhoeae antimicrobial resistance (NG AMR) [1,2]. NG can
develop resistance in two main ways: through plasmid-mediated resistance (PMR), and,
to a greater extent, through chromosomally mediated resistance (CMR), with the latter
bolstered by frequent genetic material exchange with commensal Neisseria species [3].
Some public health commentators have predicted that NG infection may be becoming
untreatable [1,2,4]. In response to this threat, the World Health Organization (WHO), the
United States of America Centers for Disease Control and Prevention (USA-CDC), and
other regulators have developed global action plans for improving the management of NG
AMR [5]. Prominent within these documents are recommendations for developing rapid
molecular assays to enhance the testing and surveillance of NG AMR [5,6].

The “gold standard” for NG AMR testing is the culture method [7]. However, it can be
unreliable and particularly challenging to maintain in settings with limited resources [8,9].
For this reason, the WHO and others have called for developing molecular assays for NG
AMR testing. Several in-house genotyping methods have been established and validated
to test the presence of genes and gene mutations in NG that are associated with causing
resistance towards the main class of antibiotics in treating it [2,10]. The advantages of NG
AMR testing by molecular assays are that it does not require live bacteria for testing, and
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requires less stringent conditions for sample storage and transportation [8,9]. In addition,
the samples can be self-collected by non-invasive techniques, such as urine or anorectal
swabs, for molecular testing. The privacy and ease in sample collection for molecular
testing thus increases sampling numbers, which improves surveillance of NG AMR by
increasing sample size accuracy of prevalence estimates [10]. Though molecular testing
methods are not as definitive as the culture method for determining NG AMR, they can
effectively complement and supplement culture-based NG AMR surveillance.

The WHO recommended that national NG AMR surveillance be done at regular
intervals to inform treatment. If observed resistance prevalence is above 5% for any
antibiotics, a change in treatment is required [2,5]. Despite this, many low-to-middle-
income countries (LMIC) with a high prevalence rate of NG infection cannot afford to do
so. Typically, many LMIC lack local testing capacity, such as Papua New Guinea (PNG).
Almost all countries in the WHO Western Pacific Region (WPR) and Southeast Asian
Region (SEAR) have abolished the use of penicillin and ciprofloxacin treatment option due
to the high prevalence of resistance, estimated at 70–100% for the two antibiotics [11]. Most
are using cephalosporins (ceftriaxone and cefixime) and azithromycin drug combinations.
However, cephalosporin (ceftriaxone) resistance prevalence is on the rise. Resistance in the
range of 30–70% has been reported in Cambodia; 5–30% in China, Japan, and Taiwan; and
1–5% in Australia [12]. Elsewhere, the United States of America and Canada have reported
a cephalosporin (ceftriaxone) resistance prevalence of 1–5%. Several European countries
reported resistance prevalence to cephalosporins (cefixime) at 5–30% [12]. Interestingly,
some countries in WPR and SEAR, such as China, Cambodia, Thailand, and Australia,
reported an azithromycin resistance prevalence of 5–30% [12].

Papua New Guinea (PNG) has some of the highest prevalence of sexually transmitted
infection (STI) in the WPR [13]. The recent gonorrhea prevalence estimate for PNG is
11% (95% CI: 4.5–16.1) [13]. However, this may still be an underestimation, as a relatively
higher prevalence was previously reported, with a disproportionately higher prevalence
among female sex workers (23–44% in 2010, and 15–33% in 2017) [14,15], men who have sex
with men and transgender women (3–15% in 2017) [14], and people attending STI clinics
(60–88% among males, and 13–41% among females in 2010) [15]. The high prevalence of
NG infection alone in PNG is a concern, and more concerning is the lack of NG AMR data
in the last decade. The existing NG AMR data is not sufficient and representative because
of the small sample size from only several sampling sites across PNG. Therefore, up-to-date
NG AMR data are crucially needed for PNG [16].

The standard treatment for gonorrhea in PNG is a single-dose cocktail of the following
antibiotics: amoxicillin (penicillin), probenecid (uricosurics), augmentin (penicillinase/beta-
lactamase inhibitor), and azithromycin (macrolide) [17]. Occasionally, doxycycline (tetracy-
cline) or erythromycin (macrolide) are administered as a substitute for azithromycin [17],
but this may change to a cephalosporin (cefixime and ceftriaxone) and azithromycin com-
bination treatment for PNG [18]. However, there is insufficient NG AMR surveillance to
inform such change [18]. In that light, our analysis aimed to provide an overview of the
NG AMR trend, and discuss the need to explore molecular testing methods to supplement
and complement the culture method for NG AMR surveillance in PNG.

2. Materials and Methods
2.1. Literature Search

The systematic review was conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) method [19]. MEDLINE/PubMed [20],
EMBASE [21], and Google Scholar were searched for papers published on NG AMR in PNG.
Keywords search terms included “Neisseria gonorrhoeae” or “Neisseria” or “gonorrhoea” or
“gonococcus” or “gonococcal” or “sexually transmitted infection” or “sexually transmitted
disease” or “venereal disease” and “resistance” or “antibiotic resistance” or “antimicrobial
resistance” and “Papua New Guinea”. The articles generated from the search were then
screened following the set eligibility criteria outlined below for inclusion in the meta-analysis.
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Inclusion criteria:

- Original study that investigated NG AMR in humans from PNG;
- Peer-reviewed articles published between January 1980 and October 2020. The cut-

off year was set at 1980 and after was to ensure that the reported prevalence in the
primary studies were generated using the Australia Gonococcal Surveillance Program
(AGSP) and/or the WHO Gonococcal Antimicrobial Surveillance Program (GASP)
methodology. These two programs use similar standardized methods for NG AMR
testing and result interpretation;

- The total number of samples or isolates analyzed and the resistance prevalence de-
scribed and stated. This was to ensure that we have the exact numerator (number
of sample or isolates that were resistant to the antibiotic tested against) and denom-
inator (total number of sample or isolates analyzed) to enable accurate proportion
estimations in the meta-analysis; and

- Abstract and full text available in English.

2.2. Data Extraction and Analysis

Two independent reviewers (BW, ELS) screened the full articles. The data extracted
from the papers were: article reference (following the Vancouver referencing style); country
of study; year or period in which the study was conducted (year of sampling); year of publi-
cation; number of samples/isolates; and number of isolates that were successfully profiled
for NG AMR for the following antibiotics of interest—penicillin (amoxicillin), tetracycline,
macrolide (azithromycin), quinolone (ciprofloxacin), aminoglycoside (spectinomycin), and
cephalosporins (ceftriaxone and or cefixime).

The data were collated and managed by removing duplicate articles in Microsoft Excel
365 (version 2020, Microsoft, Redmond, Washington, USA), and the Endnote referencing
software (version 19, Clarivate Analytics, Philadelphia, USA) [22]. Prevalence meta-analysis
statistical tests were performed using “metaprop” within “meta” (version 4.15-1) and
“metafor” (version 2.4-0) CRAN packages in R statistical software, version 4.0.2 (RStudio
2020-06-22, Free Software Foundation Incorporated, Boston, Massachusetts, USA) [23]. The
Random Effect Model (REM) within the software package was used for calculating the
proportion estimates and the ninety-five percent confidence interval (95% CI) [24–26]. The
REM estimator function was used because of the small number of primary studies and data
points, and also because of high inconsistency in the primary studies’ reported prevalence
and heterogeneity (I2 > 25%) [26].

3. Results

A total of 1574 articles was generated following the literature search strategies men-
tioned above. All these papers were in English, and none in other languages. After
removing duplicates, 377 articles remained. On further screening of the title and abstract of
these 377 papers, 62 articles showed to report NG AMR in humans in PNG. Full-text articles
of these 62 papers were accessed and screened following the inclusion criteria mentioned
above. Out of the 62 articles, only 15 papers met the eligibility criteria and were included in
the prevalence meta-analysis, see Figure 1. Forty-seven (47) papers were excluded because
they were not original research studies, meaning they did not report on the case number
and sample size. Of these 15 papers, the majority (80%) were generated through the WHO
WPR GASP [27–38], and 3 (20%) were from other surveillance [16,39,40].
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Because of the small data points (based on year of sample collection) included in
the meta-analysis, 17 data points for plasmid-mediated penicillin resistance (n = 17),
chromosomally mediated penicillin resistance (n = 13), tetracycline resistance (n = 13),
quinolone (ciprofloxacin) resistance (n = 17), aminoglycoside (spectinomycin) resistance
(n = 7), macrolide (azithromycin) resistance (n = 2) and cephalosporin (ceftriaxone and or
cefixime) resistance (n = 8), and, additionally, the small sample size used in the primary
studies, these resulted in wide ninety-five percentage confidence intervals (95% CI) in this
meta-analysis, see Figures 2–7. Two studies that tested for azithromycin resistance reported
zero cases (data not shown) [16,40].

3.1. Resistance Prevalence Estimates
3.1.1. Penicillinase-Producing N. gonorrhoeae (PPNG)

The pooled PPNG resistance prevalence is estimated to be 37.9% (95% CI: 29.3–47.2) in
this meta-analysis, see Figure 2. There was an increase in PPNG resistance prevalence, from
8.7% (95% CI: 5.6–13.9) in 1994 to as high as 74.1% (95% CI: 60.9–84) in 2007. A test of het-
erogeneity for PPNG prevalence showed that the reported prevalence was heterogeneous,
I2 = 95% (p ≤ 0.05), see Figure 2.

3.1.2. Chromosomally-Mediated Penicillin Resistance

The prevalence of chromosomally-mediated resistance to penicillin (CMR-penicillin)
was significantly heterogeneous (I2 = 94%), see Figure 3. The pooled CMR-penicillin
prevalence estimate is 4.3% (95% CI: 2–8.8). Despite the pooled prevalence being below
the 5% threshold, it is important to know that five papers reported prevalence above the
threshold, ranging from 6.2–41% between 1998 and 2008.
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3.2. Tetracycline Resistance

Generally, there was an increase in the reported tetracycline resistance prevalence over
time. The pooled tetracycline resistance prevalence estimate is 10.3% (95% CI: 6.2–16.5%),
just above the 5% threshold, see Figure 4. However, interpreting this must be made with
caution, given the heterogeneity (I2 = 93%) of the reported prevalence, with the mention of
a high reported resistance prevalence in a recent study in 2016, 37.9% (95% CI: 26.2–49.6).

3.3. Quinolone Resistance

Overall, the reported quinolone resistance prevalence in the primary studies was
heterogeneous (I2 = 60%), see Figure 5. The pooled prevalence estimate is below the 5%
threshold, 1.7% (95% CI: 1–3). There was an observed decline in ciprofloxacin resistance
prevalence beginning in late 1999. However, given the wide 95% CI observed for indi-
vidual studies in this meta-analysis, the fall in quinolone resistance prevalence could not
be ascertained.

3.4. Aminoglycoside Resistance

The reported aminoglycoside (spectinomycin) resistance prevalence is homogeneous
(I2 = 0.0%). The estimated pooled prevalence is below the threshold, 1.3% (95% CI: 0.6–2.6),
see Figure 6. Despite the homogeneity of the reported prevalence in this meta-analysis,
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the 95% CI values for individual studies are large. Thus, the interpretation of this estimate
must be cautiously made.

3.5. Cephalosporin Resistance

The reported resistance prevalence from the papers analyzed for cephalosporin resis-
tance was homogenous (I2 = 0.0%), with an estimated prevalence of 0.5% (95% CI: 0.2–1.2),
see Figure 7. Because there were few data points and a small sample size employed in the
primary studies, this resulted in a wide 95% CI. Therefore, caution is also needed in the
interpretation of this estimate.

4. Discussion

In this prevalence meta-analysis, the pooled estimates of resistance prevalence in
the last 30 years for PNG are under the 5% threshold for most antibiotics except for
PPNG (37.9%) and tetracycline (10.3%). Yet, interpretations of these pooled estimates
must be made with caution because resistance prevalence above the threshold has been
reported. Most of the PNGs’ NG AMR data were from the WHO WPR GASP. During PNGs
participation in the WPR GASP, PNG consistently submitted samples to the NG AMR
surveillance program between 1993 and 2009. One-hundred and ninety-three (193) samples
were submitted on average per year by PNG to the program, similar to Brunei, Japan,
Korea, the Philippines, Vanuatu, and Vietnam. However, this was lower than Australia,
Hong Kong, and Fiji, who were submitting 600–3000 samples per year in that same period.
The main limitation of PNG NG AMR data was that the samples were collected from a few
sites, and restricted to STI clinics.

Our prevalence meta-analysis showed an increase in PPNG prevalence from 1989
to 2009. PNG has reported some of the highest prevalence of PPNG in the WHO WPR
and SEAR. The pooled PPNG prevalence estimate (37.9%, 95% CI: 29.3–47.2) in this meta-
analysis is similar to that observed in other countries in the WHO WPR and SEAR, such
as Hong Kong (32.4%), Malaysia (30%), and Vietnam (32.5%) [41]. Despite high PPNG
prevalence in PNG, treatment with augmentin (amoxicillin-clavulanic acid, a penicillinase
inhibitor) is used effectively in treating PPNG-positive NG strains. However, of importance
to note is that a resistance prevalence of 6.1% towards amoxicillin-clavulanic acid was
recently reported [40].

Japan has reported the highest prevalence of CMR to penicillin (39%), whereas other
countries in the WPR and SEAR reported CMR to penicillin in the range of 10–20% [41]. The
pooled estimate for CMR penicillin in the current study for PNG is one of the lowest (4.3%)
in the WHO WPR and SEAR, other than Fiji (3.6%) [41]. However, interpreting it must be
done with caution because of the small number of studies and sample sizes used to calculate
the pooled prevalence estimate, and the fact that five studies used in our calculations
reported prevalence above the 5% threshold, in the range of 6–41% (see Figure 3).

Tetracycline is not the recommended antibiotic for treating gonorrhea, but is sporadi-
cally used. Our analysis showed an increase in tetracycline resistance prevalence between
1989 and 2000, followed by a decline between 2001 and 2004 in PNG. Surprisingly, a spike
in prevalence was reported in 2016 in PNG, estimated at 37.6% (95% CI: 26.2–49.6), see
Figure 4. The recently reported tetracycline resistance prevalence in PNG in 2016 [40] is
much higher when compared to that of Australia in 2017 (12–21%) [42].

Several studies in PNG have reported a high prevalence of ciprofloxacin resistance in
the mid to late 1990s, followed by a decline. A similar trend was seen for spectinomycin
resistance. The declining resistance prevalence may be due to the strict use of amoxicillin
and azithromycin. With the rise of ciprofloxacin resistance in the WPR (6–15% in New
Caledonia; 16–30% in urban Australia; and 71–100% in China, Philippines, and Vietnam),
PNG needs research and surveillance to ascertain the observed decline [43].

The only three countries in the WHO WPR that are still using penicillin and azithromycin
for treating gonorrhea are PNG, Fiji, and the Solomon Islands. The rest of the countries
in the region use cephalosporins (ceftriaxone or cefixime) and azithromycin [41,44]. How-
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ever, PNG has a new treatment guideline that recommended the change of treatment to
cephalosporin (ceftriaxone and cefixime) and azithromycin [18]. Though this change in
treatment represents an important step towards consistency in treatment strategies for
gonorrhea in the WPR and SEAR, there were insufficient NG AMR data in PNG to inform
this change [18].

Our analysis showed that the estimated pooled resistance prevalence for most an-
tibiotics is below the 5% threshold. This suggested the possibility to use other drug
combinations, then to quickly use the last line of treatment. At the same time, it must be
noted that most of the studies included in this meta-analysis were conducted a decade ago.
Thus, this could mean that the estimates reported here may be outdated due to the lack of
recent NG AMR surveillance in PNG.

The lack of representative and updated NG AMR data in PNG emphasizes the need to
explore methods other than the culture method, such as molecular methods, to comple-
ment and support the culture method for NG AMR surveillance. Molecular testing has
increasingly been used for NG and NG AMR testing in many countries, and is proving to
be an invaluable tool for NG AMR surveillance [10]. Given its advantages discussed earlier,
its adoption for use in PNG would be of great value to enhance NG AMR surveillance.

Limitations

We acknowledge that there are limitations to this study. First, the article search was
done in the MEDLINE, EMBASE, Google Scholar, and Papua New Guinea Institute of
Medical Research Library databases; therefore, articles not indexed in these databases may
have been missed. Second, the N. gonorrhea AMR prevalence results presented here are
as reported in the primary studies, where multiple drug resistance by individual samples
were not reported. Therefore, it is not possible to determine the presence of multi-drug
resistant N. gonorrhea strains from these articles. Third, the data points analyzed in this
study are small (15 papers and reports, covering 17 data points based on year of sample
collection). The small data points and the small sample size analyzed in the primary studies
have resulted in large 95% CI values in this analysis. Therefore, caution is required in the
interpretation of these estimates until additional, more robust data is available.

5. Conclusions

In Papua New Guinea (PNG), penicillin and azithromycin remain the standard treat-
ment for gonorrhea. That may soon change as per the newly drafted National STI Treatment
Guidelines. Cephalosporins (cefixime and ceftriaxone) and azithromycin are now the rec-
ommended treatment for NG in PNG. However, PNG does not have sufficient NG AMR
data to inform this change, which was acknowledged in the new treatment guidelines. This
highlights the need for evidence-based research and surveillance of NG AMR in PNG.

In support of the latter, we showed that PNG has no national representative and
updated NG AMR data in the last decade. Moreover, our meta-analysis showed inconsis-
tencies in the reported NG AMR prevalence.

Though the culture method remains the “gold standard” for NG AMR testing, it
requires viable NG bacteria. Maintaining viable bacteria for culture is often challenging
in PNG because of the logistical difficulties and costs associated with the storage and
transportation of viable NG bacteria, which severely affects NG AMR testing. Thus, it
is appropriate to consider molecular testing methods for NG AMR testing and surveil-
lance in PNG. Considering the advantages discussed earlier, molecular methods could
be established easily, and used to enhance NG AMR surveillance quickly and efficiently
in PNG.
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