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ABSTRACT

Background: The emergence and spread of
antimicrobial resistance in Neisseria gonorrhoeae
is a significant public health issue, with Euro-GASP
conducting surveillance across the EU-EEA. The
advent of molecular diagnostics for N. gonorrhoeae
may possibly limit the surveillance data because it
is dependent on gonococcal culture for phenotypic
susceptibility testing. Ideally, molecular diagnostics
should combine identification
detection but the

molecular genetics of resistance is a major barrier for

and resistance

complexity of gonococcal

test development. Currently, resistance prediction in
N. gonorrhoeae is accurate only for fluoroquinolones
and there are commercial kits available on the market
that allow antimicrobial resistance surveillance and
individualized treatment.

The
fluoroquinolone resistance rate for 2022-2023 by

study examined Bulgaria's gonococcal
molecular methods and compared it with previous
years and EU-EEA trends.

Methods: The commercial ResistancePlus® GC assay

was used to predict ciprofloxacin susceptibility/
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resistance in 66 Neisseria gonorrhoeae-positive DNA
samples from patients, diagnosed in 2022-2023.
Results: The identified fluoroquinolone resistance
rate in 2022-2023 was 68.2%. The majority of the
cases were males in the age group 20-29 (50.8%),
the most common mode of transmission was MSM
(77%) and 17% of the cases with known HIV status
were positive.

Conclusion: This study found a higher than before
fluoroquinolone resistance rate (68.2%) in Bulgaria,
following the trend in Europe. In the EU-EEA,
ciprofloxacin resistance increased to 65.9% in 2022.
Molecular

testing for predicting susceptibility/

resistance is suitable for effective antimicrobial
resistance surveillance and individualized treatment
decisions.
Keywords:
Bulgaria, Neisseria

gonorrhea, gonorrhoeae,

ciprofloxacin, antimicrobial resistance

INTRODUCTION
Gonorrhoea is a sexually transmitted infection (STI)
caused by Neisseria gonorrhoeae. Typical genital
infections present as urethritis among men and
cervicitis among women, but a broad spectrum of
clinical presentations and complications can occur?.
The oropharynx, anorectum and conjunctiva are
sites of extragenital infection. The most common
complications include epididymitis and pelvic
and although the
frequency of disseminated gonococcal

inflammatory disease (PID),
infection
(DGI) decreased over the last decades!, discrete
outbreaks of DGI have recently been documented?.
Many infected women remain asymptomatic or have
only minor symptomes, resulting in delayed diagnosis,
complications and uninterrupted transmission?.

The incidence of gonorrhoea has increased in many
countries around the globe during the last decade. For
example, in the European Union—European Economic
Area (EU-EEA) notification rates per 100 000
populationincreased continuously between 2014 and
2019 (from 5.9 cases in 2014 to 10.4 cases in 2019).
After a decrease in 2020 to 9.5 cases, notification
rates increased again in 2021 to 11.7 cases and in
2022 to 17.9 cases per 100 000 population®. The year
2022 marks the highest number of gonorrhoea cases
in the EU-EEA over the last decade and the majority
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of countries (25/28) observed substantial increases
in 2022 in comparison to the previous year”.

In Bulgaria, in contrast to the general trend in the
EU-EAA, the notification rates of gonorrhoea per
100 000 population over the last ten years have
been steadily decreasing (from 2.3 cases in 2014 to
0.04 in 2021*®). Although our country has still one of
the lowest notification rates (less than one case per
100 000 population), in 2022, a significant increase
of more than 50 % was observed in comparison to
the previous year. In 2023, the notification rates
doubled once again®.

Current recommendations for the treatment of
gonorrhea are published in the “2020 European
guideline for the diagnosis and treatment of
gonorrhoea in adults” from the IUSTI, and include
parenteral therapy with a third-generation
cephalosporin and accompanying treatment with
azithromycin for additional coverage’.

Alternative treatment options are limited, given
the widespread gonococcal resistance to numerous
antibiotic classes. For

example, owing to the

worldwide increase of N. gonorrhoeae strains
resistant to fluoroquinolones, these agents now
usefulness. Nonetheless,
highly

infection caused by susceptible gonococci, with cure

have limited clinical

fluoroquinolones are effective against
rates of at least 98% for all anatomic sites®. Although
their empirical use should not be recommended,
these drugs could have an important role in patients
with contraindications to cephalosporins, in whom
no other option is feasible. In such cases, a culture
isolate should be obtained so that susceptibility
testing can be performed. Indeed, the above strategy
for permissive fluoroquinolone use has been adopted
by the British guidelines®.

Gonococcal antimicrobial resistance remains a major
problem and surveillance is necessary to address this
threat. Across the EU-EEA surveillance is conducted by
the European Gonococcal Antimicrobial Surveillance
Program (Euro-GASP). Euro-GASP provides important
data at the European level but is dependent on
gonococcal culture for susceptibility testing. The use
of nucleic acid amplification tests (NAATs) as routine
diagnostics is increasing in many countries as well
as in Bulgaria. When compared to cultures, NAATs

offer several advantages including greater sensitivity,

higher throughput, self-collected samples, and
potential identification of more than one pathogen
in one sample!®!, Ideally, NAATs would combine
identification and resistance detection.

the

resistance determination presents a major barrier

However, complexity of N. gonorrhoeae
for test development. For example, resistance to
third-generation cephalosporins is predicted by
four genes (penA, penB, mtrR and ponA), with the
main determinant being the mosaic penA alleles??.
Predicting
the detection of mtrD/mtrR promoter mosaic 2 or

azithromycin resistance necessitates
semi-mosaic mtrD and not only 23S rRNA target
mutations, which were previously the main cause of
azithromycin resistance®>.

Currently, the prediction of resistance based on
genetic characterization in N. gonorrhoeae is
accurate only for fluoroquinolones, as the absence
of mutations in serine codon 91 of the gyrA gene
test that

combines pathogen identification with quinolone

predicts susceptibility. A commercial

resistance determination is now available in Australia
and Europe (SpeeDx ResistancePlus GC)*. The
utilization of those tests in clinical settings allows the
implementation of the resistance-guided therapy
for gonococcal treatment with fluoroquinolones,
which has already demonstrated success in some
studies®™*®. The results suggest that in the right
patient population, fluoroquinolones could be
very useful for treatment and could slow down
antimicrobial resistance generation by reducing
exposure to cephalosporins!™1,

In our previous study from 2018-2021Y, a high
prevalence of fluoroquinolone resistance in Bulgaria
(59%) was detected by validated assays targeting
resistance mutations in the gyrA and parC genes.
This study aimed to make a comprehensive analysis
of the rates of gonococcal fluoroquinolone resistance
and epidemiological data of the cases in Bulgaria
for 2022-2023 and to compare it with the results of

previous years and the general trends in EU-EEA.

METHODS AND MATERIALS

Study population

From January 2022 to December 2023, a total of 1179
individuals (median age 30; 73.6% males and 26.4%
females) attending the Center for Sexual Health
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“CheckPointSofia” for voluntary and confidential
HIV testing were referred to the National Center
of Infectious and Parasitic Diseases (NCIPD, Sofia,
Bulgaria) for gonorrhea testing based on symptoms
and high-risk sexual behavior.

The routine testing was performed with Real-Time
PCR (Neisseria gonorrhoeae Real-TM assay, Sacace
Italy).
diagnostic testing, DNA samples were stored frozen
at -80 °C at NCIPD for further analysis.

During the study period, 66 N. gonorrhoeae-positive

Biotechnologies srl, Como, Following the

DNA samples (one sample per gonorrhea patient/
episode) were obtained and confirmed with culture
(n=34) or with the porA/opa assay®® (n=32). When
no isolate was available, confirmation by repeat
testing with a PCR targeting another genetic sequence
was imperative due to the suboptimal specificity of
commercial assays, with the porA/opa assay being
highly suitable for that purpose (clinical sensitivity
and specificity of 100% and 99.3%, respectively).
Phenotypic susceptibility testing of the corresponding
N. gonorrhoeae isolates was performed by
determining the minimal inhibitory concentrations
(MIC), using gradient strips (Liofilchem srl, Italy) and
interpreting the results according to EUCAST. The N.
gonorrhoeae-positive DNA samples included genital
(n=33), pharyngeal (n =10), ano-rectal (n=21), and
eye swabs (n = 2).
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Detection of ciprofloxacin susceptibility/resistance
markers

All stored DNA extracts from N. gonorrhoeae-positive
samples were retrospectively analyzed by the
commercial CE-IVD/IVDR certified ResistancePlus®
GC assay (SpeeDx Pty Ltd, Sydney, Australia). The kit
is intended to simultaneously detect the bacterium
N. gonorrhoeae and the gyrA S91 (wild type) or gyrA
S91F (mutant) markers that are associated with
susceptibility or resistance to the fluoroquinolone
antibiotic, ciprofloxacin. The assay was performed,
according to the manufacturer’s instructions on
LightCycler® 480 Instrument Il (LC480 II, Roche).
All data were analyzed and reported using the
ResistancePlus® GC (LC480) v1.0 analysis software.
Ethics and informed consent:

Written informed consent was obtained from all
patients for epidemiological data collection and
microbiological sample testing as required by the
National Law and Ethics Committee at the National
Center of Infectious and Parasitic Diseases.

RESULTS

Neisseria gonorrhoeae-positive cases

The prevalence of N. gonorrhoeae among the
referred individuals was 5.6% (95% Cl 4.2% to 6.9%).
The median age of the patients with confirmed
gonorrhoea was 29 (age range 19-49). The male-
to-female ratio was 21:1. The largest proportion of

35-39 45-49

HFemale ®mMale

Figure 1. Confirmed gonorrhoea cases by age and gender, Bulgaria, 2022-2023
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HETERO
11%

Figure 2. Confirmed gonorrhoea cases by transmission
category, Bulgaria, 2022-2023

cases was among males in the age group 20-24 years
(26.2% of cases), followed by males in the age group
25-29 years (24.6%), (Figure 1).

Among the confirmed gonorrhoea cases, 77% were
reported as men who have sex with men (MSM), 11%
were reported as heterosexuals (57% males and 43%
females), and 12% had no information on the mode
of transmission (Figure 2).

Data on the HIV status of gonorrhoea cases reported
in 2022 and 2023 were provided for 60 cases (91%).
Among cases with known HIV status, 17% were HIV-
positive (Figure 3).

Phenotypic susceptibility testing

According to the performed phenotypic susceptibility
testing, of the available 34 N. gonorrhoeae isolates,
14 were susceptible and 20 were resistant to
ciprofloxacin.
ResistancePlus® GC assay for
resistance/susceptibility prediction

Detection of N. gonorrhoeae. The ResistancePlus®

ciprofloxacin

GC assay correctly identified all 66 DNA samples as
Neisseria gonorrhoeae-positive.

HIV positive
17%

HIV negative
83%

Figure 3. Confirmed gonorrhoea cases with known
HIV status (n=60), Bulgaria, 2022-2023

Detection of gyrA S91 (wild type) and gyrA S91F
(mutant). The gyrA S91 wild type was identified in
20 (30.3%) of the N. gonorrhoeae-positive samples,
gyrA S91F was detected in 45 (68.2%) of the samples,
and indeterminate gyrA results were obtained for
one (1.5%) sample.

For the 34 N. gonorrhoeae-positive samples paired
with N. gonorrhoeae isolates, ResistancePlus® GC
assay detected GyrA S91F in all 20 samples resistant
to ciprofloxacin according to the phenotypic
susceptibility testing; and GyrA wild type was
established in the other 14 samples. Accordingly,
both the sensitivity and specificity of the assay for
phenotypic prediction of the antimicrobial resistance
was 100%.

The detected gyrA S91F (ciprofloxacin resistance)
rate was 58.8% in the DNA samples paired with
culture and 78.1% in the samples without confirmed
culture (Table 1).

DISCUSSION

In this study, the prevalence of N. gonorrhoeae
infections among individuals attending the Center
for Sexual Health “CheckPointSofia” for voluntary
and confidential HIV testing was estimated and
gonococcal fluoroquinolone resistance rates were
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Table 1. Investigation of N. gonorrhoeae-positive DNA samples (n=66) by ResistancePlus® GC assay for

ciprofloxacin resistance/susceptibility prediction, Bulgaria, 2022-2023

ResistancePlus® GC assay

Samples (n) N. gonorrhoeae |gyrA S91 (wild type) | gyrA S91F (mutant) | Intermediate
(opa + porA)
Qg iglne‘;r {gg)e"e'ms'“"e 66 20 (30.0%) 45 (68.2%) 1(1.5%)
) le’;’:rfsﬁ":’l’)th paired 34 14 (41.2%) 20 (58.8%) :
e Samples without
conﬁ,:’med culture (32) 32 6 (18.8%) 25 (78.1%) 1(3.1%)

investigated by detection of gyrA S91 wild type
or gyrA S91F mutant (ciprofloxacin susceptible or
ciprofloxacin resistant, respectively). The prevalence
of N. gonorrhoeae infection was 5.6% (95% Cl 4.2%
10 6.9%) and the detected fluoroquinolone resistance
rate was 68.2%. Ciprofloxacin used for the treatment
of gonococcal infections has the advantages of
providing effective oral treatment of both urogenital
and extragenital infections, limited side effects,
and reduced selective pressure for emergence and
spread of resistance to dual therapy with ceftriaxone
and azithromycin®®. Nevertheless, its current use in
Bulgaria should be considered only after confirmed
susceptibility.

Data on gonococcal antimicrobial resistance from
the Balkan Peninsula countries is available only from
Bulgaria and Greece. The detected fluoroquinolone
resistance rate in Bulgaria was higher compared to
neighboring Greece (66%)® and it had substantially
increased in comparison to the previous Bulgarian
study in 2021 (59%)Y. The increase in Bulgaria
is following the overall trend in Europe, where
the proportion of isolates showing resistance to
fluoroquinolones noticeably increased during the
last several years: 65.9% in 2022 compared to that
observed in 2020 (57.7%)%.

Regarding the obtained epidemiological data, it
was found that the average age of patients with
gonococcal infection is decreasing in comparison to
previous observations (from an average of 32 years
in 2019% to 29 years in the current study), with
almost one-third of patients identified to be less than

25 years old (31.2%). It is well known that young
adults bear the highest burden of STls . This fact may
be attributed to several factors, i.e. riskier sexual
behaviors, lack of awareness, social stigma, and/or
limited access to sexual health services?’. Promoting
sexual education, regular testing, and safe practices
are crucial in addressing this trend. In the present
study, the male-to-female ratio was very high (21:1),
and only several cases of gonorrhea in women were
identified. The comprehensive data regarding the
male-to-female ratio for Bulgaria for the last ten years
are close to the EU-EEA averages (ranging from 3.5 in
2014 to 4.7 in 2020). From 2021 on, a predominance
of male gonococcal patients started, exceeding a
ratio of 10:1, and even - lack of confirmed cases in
women3. Although our neighboring countries (such
as Greece, Serbia and Romania) also report high
male-to-female ratios (26.7:1, 12.2:1 and 10.5:1,
respectively®) the fact is concerning, since women
with asymptomatic gonorrhea may not seek
healthcare services. While gonorrhea often may be
asymptomatic in women, it can still lead to serious
complications if left untreated®. Encouraging regular
testing and awareness about the risks of untreated
infections is crucial and should be considered in local
guidelines and programs. Obtaining epidemiological
data regarding transmission and HIV status for
gonorrhoea patients can be challenging due to
stigma and privacy concerns by patients and limited
resources for surveillance and data collection by
health professionals. Efforts toimprove data collection
should involve collaboration between healthcare
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providers, laboratories, and public health agencies. In
the present study, data on the mode of transmission
were collected in 88% of cases, and HIV status was
established in 91%. Transmission data show that in
Bulgaria, the largest burden of gonococcal infection
goes to MSM (77% of all cases), and epidemiological
interventions to reduce incidence in this group
would have an impact on enhancing the control
and prevention of gonococcal infection. Of all cases
with known HIV status, 17% were positive, which is
above the average proportion in EU-EEA (12%*). The
prevalence of HIV co-infection among people with
gonorrhoea is an important concern. Studies have
shown that the discharge of HIV in body secretions of
people co-infected with gonorrhoea is significantly
higher , increasing the risk of HIV transmission by 3
to 5 times**?*. While specific percentages may differ
across populations, understanding this co-infection
is crucial for effective prevention and treatment
strategies.

The significant increase in gonococcal notification
rates in the last two years in Bulgaria, although on a
smaller scale in terms of absolute number of cases,
gives grounds for public health concern. Gonorrhoea
has been recognized as a significant public health
problem internationally and prevention, diagnosis,
and therapy strategies are used to reduce the
is the
improvement of antimicrobial stewardship through

burden of the disease?®. Ongoing also
the implementation and use of better surveillance
systems to detect antimicrobial resistance in N.
gonorrhoeae and to inform locally appropriate
treatment?’. Sensitive and specific molecular assays
for the prediction of N. gonorrhoeae antimicrobial
resistance are needed, both to inform personalized
treatment and for antimicrobial resistance
surveillance, which is further highlighted by the WHO
global action plan?®.

Compared to cultural diagnostics and phenotypic
susceptibility testing, molecular assays such as the
ResistancePlus® GC assay have many advantages,
including superior sensitivity and high specificity,
high
throughput and potential for use as rapid tests?.

shorter turnaround time, automation,
However, a limitation of the molecular assays for
the detection of resistance determinants is that they

cannot detect new determinants of antimicrobial

resistance. They cannot provide a complete profile
of antimicrobial resistance with minimum inhibitory
concentrations of the antimicrobials, either!l. In
addition, it can be very labor-intensive to detect
more than one resistance determinant.

In the current study, the commercially available
ResistancePlus® GC assay showed high sensitivity
and specificity for the detection of N. gonorrhoeae,
as compared with the confirmatory porA/opa
assay'®. The assay showed also an excellent ability
to detect and distinguish gyrA S91 wild type and
gyrA S91F and to predict ciprofloxacin resistance/
susceptibility compared with phenotypic testing. The
results support the intended use of the assay for both
detecting the ciprofloxacin resistance/susceptibility
and confirming positive results of commercial PCR
assays for gonorrhoea diagnostics, when no isolate
is available. Furthermore, it can be effectively
used for antimicrobial resistance surveillance and
individualized treatment with ciprofloxacin, which
is easily accessible and administered as an oral
regimen®. Unlike our previous study where both
gyrA and parC genes were investigated, in the present
study only gyrA was targeted because it has proven
to be the most effective target for the detection
of ciprofloxacin resistance, i.e. mutations in parC
are never found without concurrent mutations in
gyrA7?7,

However, one sample (1.5%) remained indeterminate
for gyrA, which is likely due to low N. gonorrhoeae
load in the clinical DNA sample and/or inhibition
and cross-reactions with other Neisseria species®
In particular, extragenital sites (such as the case)
are challenging for molecular resistance prediction,
because thesesites frequently harbor non-gonococcal
Neisseria species as commensals and many identical
orvery similar DNA sequences from other commensal
species, including resistance determinants®.

Finally, a statistically significant difference (p=0.049)
was found in the resistance rates in DNA samples
paired with culture (58.8%) and DNA samples
without confirmed culture (78.1%), making the
comprehensive fluoroquinolone resistance rate
higher than conventionally reported (68.2%). This
is of utmost importance because conventional
resistance surveillance

gonococcal antimicrobial

is done only by phenotypic testing. Given the fact
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that in EU/EEA ( Bulgaria included) about half of
the confirmed gonorrhoea cases are not cultured
and no phenotypic testing is performed, it should
be acknowledged that conventional surveillance is
non-comprehensive and antimicrobial resistance
could be much more prevalent than reported. This
underlines the importance of a national laboratory
network able perform culture studies, alongside with
molecular studies in order to obtain comprehensive
data about the spread of gonococcal antimicrobial

resistance in our country.

CONCLUSION

The fluoroquinolone resistance rate found in this
study (68.2%) was significantly higher than that
observed a few years ago (59%). The increased
prevalence of fluoroquinolone resistance in Bulgaria

follows the general trend in Europe during the

recent years. In EU-EEA the proportion of isolates
showing resistance to ciprofloxacin substantially
increased: 65.9% in 2022 as compared to 62.8% and
57.7% in 2021 and 2020 respectively. The molecular
testing for predicting ciprofloxacin susceptibility/
resistance in gonococcal infections is very suitable
for supporting effective gonococcal antimicrobial

resistance surveillance, and simultaneously with

diagnostics - individualized treatment decisions, thus
reducing exposure to unnecessary empiric therapy
and slowing the spread of resistance.
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