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Background. Using its innate mechanisms for resistance gene acquisition, Neisseria gonorrhoeae can 
rapidly develop resistance to antimicrobial agents increasing the risk the incurable forms of the disease will 
appear during gonococcal therapy. The purpose of the present study was to summarize the results of the 
Russian Gonococcal Antimicrobial Surveillance Programme (RU-GASP) over a 16-year period and assess 
N. gonorrhoeae resistance to the antimicrobials used in gonococcal treatment regimens in Russia.
Materials and methods. The study included 5356 isolates of N. gonorrhoeae obtained under RU-GASP 
(January 2005 to December 2021) by State Research Center of Dermatovenereology and Cosmetology 
(SRCDC) from specialized dermatology and venerology hospitals in 37 regions of the Russian Federation. 
Primary identification of N. gonorrhoeae was performed using bacterioscopic and bacteriological methods. 
The cultures identified as N. gonorrhoeae were frozen in a cryogenic medium and transported to SRCDC. 
Received cultures were verified by biochemical criteria on a VITEK 2 Compact analyzer. For the cultures 
identified as N. gonorrhoeae with less than 99% probability, mass spectrometric analysis was performed on 
a time-of-flight ionization mass spectrometer MALDI Microflex (Bruker Daltonics GmbH, Germany).
Antimicrobial susceptibility testing. Sensitivity tests of N. gonorrhoeae to six antimicrobials (penicillin, 
spectinomycin, ceftriaxone, tetracycline, azithromycin and ciprofloxacin) included serial dilution in agar to 
detect the minimum antibiotic concentration (MAC) that inhibits microbial growth. N. gonorrhoeae sensitivity 
to antibacterial agents was evaluated as per EUCAST criteria (European Committee on Antimicrobial 
Susceptibility Testing, 2022, http://www.eucast.org).
Results. The study has shown the absence of significant changes in the ratio of sensitive and resistant 
N. gonorrhoeae strains and proved the effectiveness of RU-GASP which allowed excluding drugs with 
a high proportion of identified resistant strains from therapeutic use.
Conclusion. Analysis of RU-GASP results over a 16-year period has confirmed III-generation 
of cephalosporin (Ceftriaxone, Cefixime) as the drug of choice for gonococcal therapy, and spectinomycin 
as its effective alternative. The ongoing evolution of N. gonorrhoeae molecular mechanisms of antibiotic 
resistance dictates the need for extending RU-GASP.
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Обоснование. Neisseria gonorrhoeae может быстро развить резистентность к противомикробным агентам 
благодаря врожденным механизмам приобретения генов устойчивости к антибиотикам. Вследствие быстрого 
формирования механизмов резистентности N. gonorrhoeae к используемым в схемах терапии гонококковой 
инфекции антимикробным препаратам высок риск возникновения неизлечимых форм заболевания.
Цель исследования. Обобщить результаты RU-GASP за 16-летний период и оценить тенденции устойчиво-
сти N. gonorrhoeae к антимикробным препаратам, используемым в схемах антибиотикотерапии гонококковой 
инфекции в России.
Методы. Объект исследования. В исследование включены 5356 изолятов N. gonorrhoeae, поступивших с ян-
варя 2005 г. по декабрь 2021 г. в ФГБУ «ГНЦДК» Минздрава России (далее — ГНЦДК) в рамках программы 
RU-GASP из специализированных медицинских организаций дерматовенерологического профиля 37 субъ-
ектов Российской Федерации. Первичную идентификацию N. gonorrhoeae проводили бактериоскопическим 
и бактериологическим методами. Идентифицированные как N. gonorrhoeae культуры замораживали в крио-
среде и транспортировали в ГНЦДК. Поступившие культуры верифицировали по биохимическим критериям 
на анализаторе VITEK 2 Compact. Для культур, определенных как N. gonorrhoeae с менее чем 99% вероятно-
стью, проводили масс-спектрометрическое исследование на времяпролетном масс-спектрометре с ионизаци-
ей MALDI Microflex (Bruker Daltonics GmbH, Германия).
Тестирование чувствительности к исследуемым антимикробным препаратам. Тестирование чувствитель-
ности N. gonorrhoeae к шести антимикробным препаратам — пенициллину, спектиномицину, цефтриаксону, 
тетрациклину, азитромицину и ципрофлоксацину осуществляли методом серийных разведений в агаре с опре-
делением минимальных подавляющих концентраций (МПК, мг/л). Оценку чувствительности N. gonorrhoeae 
к антибактериальным препаратам проводили в соответствии с критериями EUCAST (The European Committee 
on Antimicrobial Susceptibility Testing, 2022, http://www.eucast.org).
Результаты. Проведенное исследование показало отсутствие значимых изменений в соотношении чувствитель-
ных и устойчивых к действию антимикробных препаратов штаммов N. gonorrhoeae, что является следствием 
эффективности реализации программы RU-GASP, позволившей своевременно исключить из терапевтического 
применения препараты, в отношении которых наблюдалась высокая доля выявленных устойчивых штаммов.
Заключение. Анализ результатов RU-GASP за 16-летний период подтверждает использование в качестве пре-
паратов выбора для терапии гонококковой инфекции цефалоспоринов III поколения (цефтриаксон, цефиксим), 
а в качестве альтернативного препарата — аминоциклитольный антибиотик спектиномицин. Продолжающа-
яся эволюция молекулярных механизмов антибиотикорезистентности N. gonorrhoeae диктует необходимость 
продолжения программы RU-GASP. 
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  Introduction
Internationally,  gonorrhea  caused  by  Neisseria 

gonorrhoeae,  Gram-negative  bacteria  remains  one  of  the 
most  common  sexually  transmitted  infections  [1]  and  a 
significant public health threat due to  its rapidly  increasing 
incidence and antibiotic resistance [2]. The growing risk the 
incurable forms of gonorrhea would appear was the reason 
the  WHO  included  the disease  into  the draft  of  its Global 
Health Strategy for 2016-2021 as one of the strategic priorities 
[3].  In  the  Russian  Federation,  the  disease  is  combated 
through the Russian Gonococcal Antimicrobial Surveillance 
Programme  (RU-GASP)  that  was  established  in  2004 
after  the  European  Gonococcal  Antimicrobial  Surveillance 
Programme  (Euro-GASP)  had  been  initiated  [4].  RU-
GASP is also a part of a worldwide network of laboratories 
coordinated  by  the  WHO  European  Collaborating  Center 
for  Gonorrhea  and  Other  Sexually  Transmitted  Infections 
[5].  The  program’s  main  objectives  are  annual  monitoring 
of  the  emergence  and  spread  of  antimicrobial  resistance 
(AMR) in N. gonorrhoeae and identification of genetic AMR 
determinants in order to improve gonorrhea surveillance in 
the Russian Federation and timely revise national guidelines 
on gonorrhea treatment [6].

In this respect, the present study intended to summarize 
RU-GASP results of over a 16-year period and evaluate the 
trends  in  N.  gonorrhoeae  resistance  to  the  antimicrobials 
used for gonococcal therapy in Russia.

Materials and methods
The  study  included  5356  isolates  of  N.  gonorrhoeae 

obtained under RU-GASP (January 2005 to December 2021) 
by Federal State Research Center of Dermatovenereology 
and  Cosmetology  (SRCDC)  from  specialized  dermatology 
and  venerology  hospitals  in  37  regions  of  the  Russian 
Federation.  Primary  identification  of  N. gonorrhoeae  was 
performed  using  the  bacterioscopic  and  bacteriologic 
methods  described  in  Standard  Operating  Procedures 
(SOPs)  for  Conducting  Gonorrhea  Species  Identification 
(SOP # 003/04 GON, SOP # 004/04 GON, SOP # 005/04 
GON  https://cnikvi.ru/upload/files/369_SOP_ident_gonorei.
pdf).  The  isolated  cultures  were  frozen  in  the  medium 

containing 20% glycerol and transported to SRCDC as per 
SOP for Transportation and Delivery of Biological Material 
and  Isolated  Gonorrhea  Cultures  (SOP  No.  001/03  GON, 
https://cnikvi.ru/upload/files/369_SOP_transp_dostavka.
pdf).  Upon  arrival,  they  were  spread  on  chocolate  agar 
plates  supplemented  with  1%  ISOVitalex  growth  additive 
and 1% VCAT selective additive  (Becton Dickinson, USA) 
to be tested for biochemical parameters using NH cards on 
a VITEK 2 Compact analyzer (bioMérieux, France). For the 
cultures  identified  as  N. gonorrhoeae  with  less  than  99% 
probability,  mass  spectrometric  analysis  was  performed 
on  a  time-of-flight  ionization  mass  spectrometer  MALDI 
Microflex (Bruker Daltonics GmbH, Germany).

Antimicrobial susceptibility testing
For the microorganisms identified as N. gonorrhoeae, 

their  sensitivity  to  six  antimicrobial  agents  (penicillin, 
spectinomycin,  ceftriaxone,  tetracycline,  azithromycin 
and  ciprofloxacin)  was  investigated.  For  that  purpose, 
serial dilutions in agar were performed as required by SOP 
for  Methods  for  Determining  Gonococcus  Sensitivity  to 
Antibacterial Drugs (SOP No. 006/03 GON, 2008, https://
cnikvi.ru/f i les/369_SOP_chustv_gonokok_antibakt.
pdf)  to  detect  the  minimum  antibiotic  concentration 
(MAC) that  inhibits microbial growth. The sensitivity was 
assessed using the ATCC 49226 strain from a collection 
of  typical  N. gonorrhoeae  cultures  as  a  control  as  per 
EUCAST criteria  (European Committee on Antimicrobial 
Susceptibility  Testing,  2022,  http://www.eucast.org) 
(Table 1).

Statistical analysis
Statistical analysis of the obtained data was performed 

using R and the RStudio (v. 4.2.2) software. The data were 
distributed  using  the  Shapiro-Wilk  test  and  presented  as 
graphs of relative occurrence frequencies (%) of sensitive, 
sensitive to increased exposure to antibiotics, and resistant 
strains by years to draw a local polynomial regression trend 
line  at  CI  95%.  Polynomial  trend  analysis  performed  for 
the  strains  with  different  sensitivity  to  antibiotics,  enabled 
us  to  estimate  the  dynamics  of  N. gonorrhoeae  antibiotic 

Table 1. EUCAST 2022 AMR criteria of N. gonorrhoeae
Таблица 1. Критерии чувствительности N. gonorrhoeae к АМР (EUCAST 2022 г.)

Antimicrobial 
(mg/l) S I R ATCC 4922 reference strain

Penicillin ≤0.06 0.12–1 >1 0.25–1

Ceftriaxone ≤0.125 – >0.125 0.004–0.015

Tetracycline ≤0.5 1 >1 0.25–1

Spectinomycin ≤64 – >64 8–32

Azithromycin* –

Ciprofloxacin ≤0.03 0.06 >0.06 0.001–0.008

Note. S — susceptible, standard dosing regimen; I — susceptible, increased exposure; R — resistant.
*Azithromycin is always used in combination with another effective agent. For testing purposes, to identify acquired resistance mechanisms, ECOFF has been 
1 mg/L since 2019.

Примечание: S — чувствительный при стандартном режиме дозирования; I — чувствительный при увеличенной экспозиции; R — резистентный.
*Азитромицин всегда используется в сочетании с другим эффективным средством. В целях тестирования с целью выявления механизмов приобре-
тенной резистентности c 2019 г. ECOFF составляет 1 мг/л.
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resistance  over  the  period  under  study.  Due  to  the  non-
Gaussian distribution of the data, MAC indices by years were 
compared  using  the  Kruskal-Wallis  Criterion  with  Dunn’s 
posterior  test  and  the  Bonferroni  correction  for  multiple 
comparisons. The differences were considered statistically 
significant at p < 0.05.

Results 
N. gonorrhoeae resistance dynamics to penicillin
Figure 1  shows  the  relative  frequencies of  penicillin 

sensitivity/resistance  for  gonococcal  strains  categorized 
as S, I and R by years. The data show that although the 
frequency rose to 61% in 2016, there was a decline to 41% 
by  2021  (levels  of  2009,  2014  and  2015).  Comparative 
analysis  of  the  MAC  values  obtained  for  different  years 
found  significant  differences:  in  2008,  MAC  was  the 
lowest  and  significantly  different  from  those  in  2005 
(p < 0.0001),  2006  (p =  0.0012),  2007  (p  <  0.0001), 
2016 (p = 0.0045), and 2017 (p = 0.0011). Despite some 
changes between absolute MAC values within the studied 
period,  no  significant  differences  were  found  between 
2005 and 2021.

When analyzing  the MAC values of penicillin-resistant 
strains, it was found that the highest MAC values recorded 
in  2016  were  significantly  different  from  those  in  2005, 
2006, 2007, 2009, 2010, 2011, 2013, and 2019 (p < 0.001). 
However,  just  as  in  the  case  of  sensitive  strains,  no 
significant differences were found between 2005 and 2021. 
The frequencies obtained for the resistant strains showed a 
downward trend from 2012 to 2021 (albeit with a small jump 
to 14% in 2019). The maximum of penicillin-resistant strains 
(44 %) was observed in 2008. 

N. gonorrhoeae resistance dynamics to spectinomycin
Analysis of  the absolute MAC values showed  that  the 

highest of them were observed in 2006, 2008, 2013-2015. 
Figure 2 displays  the occurrence  frequencies  for sensitive 
and  resistant  N. gonorrhoeae  strains  to  spectinomycin. 
Analysis of the relative frequencies trend for sensitive strains 
over  the  studied  period  found  no  significant  fluctuations, 
except for 2008. As for the resistant strains, their frequency 
in 2008 was 45% and only 10% in 2011. It should be noted 
that no resistant strains (0%) were recorded between 2013 
and 2020, and no significant differences were found when 
analyzing absolute MAC indices between 2005 and 2021.

N. gonorrhoeae resistance dynamics to ceftriaxone
Fig.  3  shows  the  relative  frequencies  of  the  strains 

sensitive  and  resistant  to  ceftriaxone  over  the  entire 
study  period.  Polynomial  trend  analysis  of  sensitive  strain 
frequencies  showed  no  significant  fluctuations  in  their 
dynamics. As for the resistant strains, their trend showed no 
pronounced fluctuations, the highest (9%) being 2009. 

N. gonorrhoeae resistance dynamics to tetracycline
The relative frequencies of tetracycline-sensitive strains 

(Fig.  4)  show  the  peak  of  occurrence  was  between  2014 
and 2019 (over 70%, with a drop in 2021 (34%), and even 
below the baseline (47%) in 2005). Meanwhile, the relative 
frequencies of resistant strains were the lowest in 2018 and 
2019 (7 and 16%, respectively), and the highest in 2008 and 
2021 (66 and 46%, respectively). The strains classified as 
category I had no significant trend, so their relative frequency 
was 15% in 2005 and 20% in 2021, with a slight drop to 8% 
in 2014–2015.

Fig. 1. Relative frequency of penicillin sensitivity/resistance (%) for different N. gonorrhoeae strains between 2005 and 2021: R — resistant, I — susceptible, increased exposure, 
S — susceptible, standard dosing regimen

Рис. 1. Относительная частота (в %) различных штаммов в период 2005–2021 гг. R — резистентные штаммы, I — чувствительные при увеличенной экспозиции, S — 
чувствительные при стандартном режиме дозирования
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Fig. 2. Relative frequency of spectinomycin sensitivity/resistance (%) for different N. gonorrhoeae strains between 2005 and 2021: R — resistant, I — susceptible, increased 
exposure, S — susceptible, standard dosing regimen.

Рис. 2. Относительная частота (в %) различных штаммов в период 2005–2021 гг. R — резистентные штаммы, I — чувствительные при увеличенной экспозиции, S — 
чувствительные при стандартном режиме дозирования
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Fig. 3. Relative frequency of ceftriaxone sensitivity/resistance (%) for different N. gonorrhoeae strains between 2005 and 2021: R — resistant, I — susceptible, increased 
exposure, S — susceptible, standard dosing regimen.

Рис. 3. Относительная частота (в %) различных штаммов в период 2005–2021 гг. R — резистентные штаммы, I — чувствительные при увеличенной экспозиции, S — 
чувствительные при стандартном режиме дозирования
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Fig. 4. Relative frequency of tetracycline sensitivity/resistance (%) for different N. gonorrhoeae strains between 2005 and 2021: R — resistant, I — susceptible, increased 
exposure, S — susceptible, standard dosing regimen.

Рис. 4. Относительная частота (в %) различных штаммов в период 2005–2021 гг. R — резистентные штаммы, I — чувствительные при увеличенной экспозиции, S — 
чувствительные при стандартном режиме дозирования

Fr
eq

ue
nc

y

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year 

Tetracycline

80

60

40

20

R
I
S

N. gonorrhoeae resistance dynamics to azithromycin
Analysis of the MAC values for azithromycin showed the 

highest absolute values were observed in 2008, 2009, 2016, 
2018,  2020  and  2021,  and  the  lowest  in  2014  and  2015. 
Trend analysis for the relative frequencies of azithromycin-
sensitive strains (Fig. 5) revealed that, despite fluctuations 
over  the  study  period,  they  did  not  differ  significantly 
between 2007 and 2021, being 89 and 83%, respectively. 
The  highest  frequency  (more  than  90%)  for  azithromycin-
sensitive strains was observed between 2013 and 2019. As 
for  azithromycin-resistant  strains,  their  highest  frequency 
was observed in 2008 and 2009 (57 and 51%, respectively) 
and  the  lowest  in 2017 and 2018  (8%). However, despite 
the  above  fluctuations,  in  general,  the  frequency  values 
observed in 2021 were similar to those in 2007.

N. gonorrhoeae resistance dynamics to ciprofloxacin
Analysis  of  the  polynomial  trend  for  the  relative 

frequencies  of  ciprofloxacin-sensitive  strains  (Fig.  6) 
revealed  that  the  highest  ones  (>60%)  were  observed 
between  2011  and  2020,  with  peaks  in  2013  (75%)  and 
2019 (72%) and a pronounced decline (29%) in 2021. At the 
same  time,  no  pronounced  fluctuations  were  detected  for 
the strains included in category I, their frequency peak being 
7% in 2021. As for  the relative  frequencies,  they were the 
lowest between 2011 and 2020 (40% or less) with an uptick 
in 2021 (up to 64%).

Discussion
The obtained  results have demonstrated  that,  despite 

the  observed  fluctuations  in  occurrence  frequencies  of 
the  strains  sensitive  to  the  studied antibiotics,  the  ratio  of 
antimicrobial-resistant  and  antimicrobial-sensitive  strains 

did  not  change  significantly  from  2005  over  the  16-year 
observation  period.  An  interesting  finding  of  this  study 
is  the  persisting  high  levels  of  resistance  to  penicillins, 
tetracyclines, and  fluoroquinolones despite  they have  long 
been excluded from recommended treatment regimens for 
gonorrhea.  Another  interesting  finding  is  the  steady  trend 
towards  N. gonorrhoeae  had  been  gradually  restoring  its 
sensitivity  to penicillins,  tetracyclines and  fluoroquinolones 
since 2010. As shown previously [6], this is due to the gradual 
elimination  of  genetic  resistance  determinants  (D345a  in 
penA gene; L421P in ponA gene; V57M in rpsJ gene; S91Y 
and D95G in gyrA gene) to these antimicrobials. However, 
starting from 2017, the sensitivity began a decreasing trend 
to the values it had had at the start of the monitoring program 
in  2005.  This  fact  may  be  explained  by  N. gonorrhoeae 
accumulating plasmid determinants bla(TEM-1) and  tet(M) 
during  this  time  that  spread  rather  quickly  by  “horizontal” 
transfer and significantly change the resistance level to the 
three groups of antibacterial drugs [7].

The  obtained  data  on  N. gonorrhoeae  resistance 
dynamics have  shown  that  only  ceftriaxone  (III-generation 
cephalosporin) and spectinomycin (aminocyclitol) meet the 
WHO criterion stating that the total proportion of gonococcal 
strains  sensitive  to an antibiotic  drug  should not  be  lower 
than  95%  (WHO,  2012).  For  that  reason,  ceftriaxone  is 
currently  the  drug  of  choice  for  treating  of  gonococcal 
infection  in  Russia.  Our  study  substantiates  this  position 
as no strains resistant to this drug were identified in 2021. 
Moreover,  our  earlier  studies  had  shown  that  the  level  of 
sensitivity of N. gonorrhoeae  to ceftriaxone  in  the Russian 
Federation  and  its  constituent  entities  amounted  to  100% 
[8]. At the same time, we cannot ignore the fact that foreign 
scientific  publications  often  mention  the  N. gonorrhoeae 
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Fig. 5. Relative frequency of azithromycin sensitivity/resistance (%) for different N. gonorrhoeae strains between 2005 and 2021: R — resistant, I — susceptible, increased 
exposure, S — susceptible, standard dosing regimen.

Рис. 5. Относительная частота (в %) различных штаммов в период 2007–2021 гг. R — резистентные штаммы, I — чувствительные при увеличенной экспозиции, S — 
чувствительные при стандартном режиме дозирования
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Fig. 6. Relative frequency of ciprofloxacin sensitivity/resistance (%) for different N. gonorrhoeae strains between 2005 and 2021: R — resistant, I — susceptible, increased 
exposure, S — susceptible, standard dosing regimen.

Рис. 6. Относительная частота (в %) различных штаммов в период 2005–2021 гг. R — резистентные штаммы, I — чувствительные при увеличенной экспозиции, S — 
чувствительные при стандартном режиме дозирования
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strains resistant to ceftriaxone that come from such countries 
as China (Wang et al., 2020), Brazil  [9], etc. For  instance, 
during  2012-2017  in  South  Korea,  a  surge  (from  1.1  to 
23.9%) in the cephalosporin-resistant isolates containing the 
penA mosaic allele was observed (Lee et al., 2019). Another 
reason  for  such  resistance  might  have  been  the  SNPs  of 
the penA and porB1b genes and the mtrR gene mutations 
[10]. Spreading of the strains resistant to ceftriaxone, as well 
as  the  patients  who  can  possibly  develop  hypersensitivity 
to  cephalosporins  to  the  degree  of  anaphylactic  shock 
[11],  make  searching  for  candidate  drugs  for  alternative 
gonorrhea therapy a relevant task.

Analysis  of  N. gonorrhoeae  spectinomycin-sensitivity 
trend  has  confirmed  the  drug’s  previously  proven  high 
efficacy in the treatment of this infection [8]. Moreover, in 
2021, only 3% of strains  resistant  to spectinomycin were 
detected,  which  is  within  the  5-percent  limit  set  by  the 
WHO for an effective antibacterial  therapy  (WHO, 2012). 
At the same time, this threshold is currently being debated, 
both toward increasing the upper limit for resistant strains 
[12] and lowering it to 1–3% for “the key population groups 
with the potential for more frequent transmission to many 
sexual  partners,  such  as  sex  workers  and  men  who 
have  sex  with  men”  [13].  Although  spectinomycin  as  an 
alternative treatment is administered only after testing the 
sensitivity of a particular clinical isolate, it remains the most 
promising alternative drug for the treatment of gonococcal 
infection.

Azithromycin,  as  a  potential  reserve  drug  to  treat 
gonococcal  infection,  was  included  in  RU-GASP  in  2007. 
It  was  known  to  be  used  for  gonorrhea  therapy  outside 
Russia,  but  it was not  included  in  in  the  regimens  for  our 
country, because there was no data either on its effect on 
the domestic strains or its optimal dosage [14]. The results 
of  this  study  have  demonstrated  that  in  2021  16%  of  the 
total  number  of  analyzed  N. gonorrhoeae  strains  were 
resistant to azithromycin, which removes the question of its 
possible use for gonorrhea treatment. At the same time, the 
drug  is widespread abroad and prescribed  in combination 
with  ceftriaxone  for  combined  therapy  of  gonococcal 

infection  to  improve  treatment  efficacy  and  reduce  the 
likelihood gonococcus becoming resistant to each of these 
drugs individually. However, the first strain resistant to this 
combination  that  emerged  in  2018  calls  for  revising  this 
regimen [15].

Due to its cross-resistance, ciprofloxacin is used as an 
indicator drug to study N. gonorrhoeae resistance to all the 
drugs of  fluoroquinolone group,  so  the strains  resistant  to 
ciprofloxacin are also resistant to other fluoroquinolones. In 
the Russian Federation,  the drug  is not  recommended  for 
gonococcal therapy. Our study has shown the drug had its 
lowest resistance frequencies between 2011-2020 (40% or 
less)  with  an  uptick  in  2021  (up  to  64%)  that  is  generally 
consistent  with  literature  data,  e.g.,  Unemo  et  al.  who  in 
2017-2018 found more than 90% of strains to be resistant 
to  ciprofloxacin  in 100% of  the Southeast Asian countries 
and 50% of the African countries participating in the study, a 
level to be called nothing but extreme [16]. 

  Thus, our study has found no significant phenotypic 
changes  in  the antimicrobial  resistance of N. gonorrhoeae 
strains  in  the  Russian  Federation.  Undoubtedly,  this  is  a 
consequence of the effective implementation of RU-GASP, 
which over the given time, allowed for significant reduction of 
gonorrhea incidences in Russia from 71.7 cases per 100,000 
population  in  2005  to  6.7  cases  in  2020  [17],  despite  the 
incidence of gonorrhea in Europe has been noticeably and 
gradually  increasing  [18]. This  fact, of course, significantly 
increases  the  likelihood  of  resistant  strains  entering  the 
territory  of  Russia  with  migration  and  tourist  flows,  which 
calls for continuation of RU-GASP and expansion of the list 
of tested antimicrobials.

Conclusion
Our analysis of RU-GASP results over a 16-year period 

has  confirmed  the  use  of  III-generation  cephalosporins 
(ceftriaxone, cefixime) as the drugs of choice for gonococcal 
therapy,  and  that  of  spectinomycin  (aminocyclitol)  as 
an  alternative  antimicrobial  drug.  The  ongoing  evolution 
of  molecular  mechanisms  of  N. gonorrhoeae  antibiotic 
resistance dictates the need to continue RU-GASP. 

1. Newman L, Rowley J, Vander Hoorn S, Wijesooriya NS, Unemo M, 
Low N, et al. Global Estimates of the Prevalence and Incidence of Four 
Curable Sexually Transmitted Infections in 2012 Based on Systematic 
Review and Global Reporting. PLoS One. 2015;10(12):e0143304. 
doi: 10.1371/journal.pone.0143304

2. Ma KC, Mortimer TD, Hicks AL, Wheeler NE, Sánchez-Busó L, 
Golparian D, et al. Adaptation to the cervical environment is associated with 
increased antibiotic susceptibility in Neisseria gonorrhoeae. Nat Commun. 
2020;11(1):4126. doi: 10.1038/s41467-020-17980-1

3. Global health sector strategy on Sexually Transmitted Infections, 
2016–2021. World Health Organization; 2016. https://www.who.int/
publications/i/item/WHO-RHR-16.09 (4 April 2023)

4. Cole MJ, Unemo M, Hoffmann S, Chisholm SA, Ison CA, van de 
Laar MJ. The European gonococcal antimicrobial surveillance programme, 
2009. Euro Surveill. 2011;16(42):19995.

5. Unemo M, Ison CA, Cole M, Spiteri G, van de Laar M, 
Khotenashvili L. Gonorrhoea and gonococcal antimicrobial resistance 
surveillance networks in the WHO European region, including the 
independent countries of the former Soviet Union. Sex Transm Infect. 
2013;89(Suppl 4):iv42–iv46. doi: 10.1136/sextrans-2012-050909

6. Kubanov A, Solomka V, Plakhova X, Chestkov A, Petrova N, 
Shaskolskiy B, et al. Summary and Trends of the Russian Gonococcal 
Antimicrobial Surveillance Programme, 2005 to 2016. J Clin Microbiol. 
2019;57(6):e02024-18. doi: 10.1128/JCM.02024-18

7. Warner PF, Zubrzycki LJ, Chila M. Polygenes and modifier genes 
for tetracycline and penicillin resistance in Neisseria gonorrhoeae. J Gen 
Microbiol. 1980;117(1):103–110. doi: 10.1099/00221287-117-1-103

8. Лесная И. Н., Соломка В. С., Фриго Н. В., Кубанов А. А., Полевщи-
кова С. А., Сидоренко С. В. Выбор препаратов для лечения гонококковой 
инфекции на основании результатов мониторинга антибиотикорезистент-

References/Литература

Вестник дерматологии и венерологии. 2023;99(3):53–62
Vestnik Dermatologii i Venerologii. 2023;99(3):53–62

https://doi.org/10.1371/journal.pone.0143304
https://doi.org/10.1038/s41467-020-17980-1
https://www.who.int/publications/i/item/WHO-RHR-16.09
https://www.who.int/publications/i/item/WHO-RHR-16.09
https://doi.org/10.1136/sextrans-2012-050909
https://doi.org/10.1128/JCM.02024-18
https://doi.org/10.1099/00221287-117-1-103


 61

Vol. 99, Iss. 3, 2023

ORIGINAL STUDIES / НАУЧНЫЕ ИССЛЕДОВАНИЯ

ности N. gonorrhoeae. Вестник дерматологии и венерологии. 2010;(5):65–
73 [Lesnaja IN, Solomka VS, Frigo NV, Kubanov AA, Polevshhikova SA, 
Sidorenko SV. Selection of drugs for treatment of gonococcal infection based 
on the results of the monitoring of N. gonorrhoeae antibiotic resistance. 
Vestnik dermatologii i venerologii. 2010;(5):65–73. (In Russ.)] 

9. Golparian D, Bazzo ML, Golfetto L, Gaspar PC, Schörner MA, 
Schwartz Benzaken A, et al. Genomic epidemiology of Neisseria 
gonorrhoeae elucidating the gonococcal antimicrobial resistance and 
lineages/sublineages across Brazil, 2015–16. J Antimicrob Chemother. 
2020;75(11):3163–3172. doi: 10.1093/jac/dkaa318

10. Unemo M, Golparian D, Eyre DW. Antimicrobial resistance 
in Neisseria gonorrhoeae and Treatment of Gonorrhea. Methods Mol Biol. 
2019;1997:37–58. doi: 10.1007/978-1-4939-9496-0_3

11. Азизова Р. А., Юнусова Ш. Э., Дадамухамедова Х. Э., Бо-
боев Х. Н., Раимкулов Р. С. Анафилактический шок — последствия 
цефалоспоринов. Science and innovation. 2022;1(8):373–378 [Azizova RA, 
Junusova ShJe, Dadamuhamedova HJe, Boboev HN, Raimkulov RS. 
Anaphilactic shock — consequences of cephalosporins. Science and 
innovation. 2022;1(8):373–378. (In Russ.)] doi: 10.5281/zenodo.739213

12. Yaesoubi R, Cohen T, Hsu K, Gift TL, St Cyr SB, Salomon JA, et 
al. Evaluating spatially adaptive guidelines for the treatment of gonorrhea 
to reduce the incidence of gonococcal infection and increase the effective 
lifespan of antibiotics. PLoS Comput Biol. 2022;18(2):e1009842. 
doi: 10.1371/journal.pcbi.1009842

13. Global action plan to control the spread and impact 
of antimicrobial resistance in Neisseria gonorrhoeae. World 

Health Organization; 2016. https://www.who.int/publications/i/
item/9789241503501 (4 April 2023)

14. Shaskolskiy B, Dementieva E, Kandinov I, Filippova M, Petrova N, 
Plakhova X, et al. Resistance of Neisseria gonorrhoeae isolates to beta-
lactam antibiotics (benzylpenicillin and ceftriaxone) in Russia, 2015–2017. 
PLoS One. 2019;14(7):e0220339. doi: 10.1371/journal.pone.0220339

15. Unemo M, Ross J, Serwin A, Gomberg M, Cusini M, 
Jensen JS. 2020 European guideline for the diagnosis and treatment 
of gonorrhoea in adults. Int J STD AIDS. 2020; 956462420949126. 
doi: 10.1177/0956462420949126

16. Unemo M, Lahra MM, Escher M, Eremin S, Cole MJ, Galarza P, 
et al. WHO global antimicrobial resistance surveillance for Neisseria 
gonorrhoeae 2017–2018: a retrospective observational study. Lancet 
Microbe. 2021;2(11):e627–e636. doi: 10.1016/S2666-5247(21)00171-3

17. Кубанов А. А., Соломка В. С., Рахматулина М. Р., Деря-
бин Д. Г. Устойчивость Neisseria gonorrhoeae к антимикробным препа-
ратам и средства терапии гонококковой инфекции: вчера, сегодня, зав-
тра. Вестник дерматологии и венерологии. 2022;98(3):15–23 [Kubanov 
AA, Solomka VS, Rahmatulina MR, Derjabin DG. Antimicrobial resistance of 
Neisseria gonorrhoeae and gonococcal infection therapy: yesterday, today, 
tomorrow. Vestnik dermatologii i venerologii. 2022;98(3):15–23. (In Russ.)] 
doi: 10.25208/vdv1317

18. Gonorrhoea: Annual Epidemiological Report for 2018. European 
Centre for Disease Prevention and Control; 2019. https://www.ecdc.
europa.eu/sites/default/files/documents/gonorrhoea-annual-epidemiological-
report-2018.pdf (4 June 2023).

Authors'  participation:  all authors: approval of the final version of the article, responsibility for the integrity of all parts of the article. Concept 
and design of the study — Julia Z. Shagabieva, Nikita Y. Nosov, Dmitry G. Deryabin; collection and processing of material — Julia Z. Shagabieva, 
Marina V. Shpilevaya, Olga A. Obraztsova, Evgenia R. Nikonorova; text writing — Julia Z. Shagabieva; editing — Victoria S. Solomka, Aleksey A. Kubanov.

Участие  авторов:  все авторы несут ответственность за содержание и целостность всей статьи. Концепция и дизайн исследования — 
Ю. З. Шагабиева, Н. Ю. Носов, Д. Г. Дерябин; сбор и обработка материала — Ю. З. Шагабиева, М. В. Шпилевая, О. А. Образцова, Е. Р. Никонорова; 
написание текста статьи — Ю. З. Шагабиева; редактирование рукописи — В. С. Соломка, А. А. Кубанов.

Information about the authors

*Julia  Z.  Shagabieva — Cand. Sci. (Chem.); address: 3 bldg 6 Korolenko street, 107076 Moscow, Russia; ORCID: https://orcid.org/0000-0002-7595-0276; 
eLibrary SPIN: 7270-5113; e-mail: shagabieva1412@mail.ru
Nikita  Y.  Nosov — Cand. Sci. (Biol.); ORCID: https://orcid.org/0000-0002-3967-8359; eLibrary SPIN: 8806-8539; e-mail: nosovnj@mail.ru
Marina  V.  Shpilevaya — Cand. Sci. (Biol.); ORCID: https://orcid.org/0000-0002-9957-4009; eLibrary SPIN: 6600-3311; e-mail: aniram1970@list.ru
Dmitry  G.  Deryabin — MD, Dr. Sci. (Med.), Professor; ORCID: https://orcid.org/0000-0002-2495-6694; eLibrary SPIN: 8243-2537; e-mail: dgderyabin@yandex.ru
Olga  A.  Obraztsova — Cand. Sci. (Biol.); ORCID: https://orcid.org/0000-0002-5728-2139; eLibrary SPIN: 8243-2537; e-mail: valeeva19@gmail.com
Evgenia R. Nikonorova — MD, Cand. Sci. (Med.); ORCID: https://orcid.org/0000-0002-6360-2194; eLibrary SPIN: 5392-5170; e-mail: gatiatulinaer@gmail.com
Victoria  S.  Solomka — Dr. Sci. (Biol.); ORCID: https://orcid.org/0000-0002-6841-8599; eLibrary SPIN: 1486-3284; e-mail: solomka@cnikvi.ru
Alexey  A.  Kubanov — MD, Dr. Sci. (Med.), Professor, Academician of the Russian Academy of Sciences; ORCID: https://orcid.org/0000-0002-7625-0503; 
eLibrary SPIN: 8771-4990; e-mail: alex@cnikvi.ru

Информация об авторах

*Шагабиева Юлия Зинуровна — к.х.н.; адрес: Россия, 107076, Москва, ул. Короленко, д. 3, стр. 6; ORCID: https://orcid.org/0000-0002-7595-0276; 
eLibrary SPIN: 7270-5113; e-mail: shagabieva1412@mail.ru
Носов  Никита  Юрьевич — к.б.н.; ORCID: https://orcid.org/0000-0002-3967-8359; eLibrary SPIN: 8806-8539; e-mail: nosovnj@mail.ru
Шпилевая  Марина  Валентиновна  — к.б.н.; ORCID: https://orcid.org/0000-0002-9957-4009; eLibrary SPIN: 6600-3311; e-mail: aniram1970@list.ru

Vestnik Dermatologii i Venerologii. 2023;99(3):53–62
Вестник дерматологии и венерологии. 2023;99(3):53–62

https://doi.org/10.1093/jac/dkaa318
https://doi.org/10.1007/978-1-4939-9496-0_3
https://doi.org/10.5281/zenodo.739213
https://doi.org/10.1371/journal.pcbi.1009842
https://www.who.int/publications/i/item/9789241503501
https://www.who.int/publications/i/item/9789241503501
https://doi.org/10.1371/journal.pone.0220339
https://doi.org/10.1177/0956462420949126
https://doi.org/10.1016/S2666-5247(21)00171-3
https://doi.org/10.25208/vdv1317
https://www.ecdc.europa.eu/sites/default/files/documents/gonorrhoea-annual-epidemiological-report-2018.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/gonorrhoea-annual-epidemiological-report-2018.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/gonorrhoea-annual-epidemiological-report-2018.pdf
https://orcid.org/0000-0002-7595-0276;
https://www.elibrary.ru/author_profile.asp?spin=7270-5113
mailto:shagabieva1412@mail.ru
https://orcid.org/0000-0002-3967-8359;
https://www.elibrary.ru/author_profile.asp?spin=8806-8539
mailto:nosovnj@mail.ru
https://orcid.org/0000-0002-9957-4009;
https://www.elibrary.ru/author_profile.asp?spin=6600-3311
mailto:aniram1970@list.ru
https://orcid.org/0000-0002-2495-6694;
https://www.elibrary.ru/author_profile.asp?spin=8243-2537
mailto:dgderyabin@yandex.ru
https://orcid.org/0000-0002-5728-2139;
https://www.elibrary.ru/author_profile.asp?spin=8243-2537
mailto:valeeva19@gmail.com
https://orcid.org/0000-0002-6360-2194;
https://www.elibrary.ru/author_profile.asp?spin=5392-5170
mailto:gatiatulinaer@gmail.com
https://orcid.org/0000-0002-6841-8599;
https://www.elibrary.ru/author_profile.asp?spin=1486-3284
mailto:solomka@cnikvi.ru
https://orcid.org/0000-0002-7625-0503;
https://www.elibrary.ru/author_profile.asp?spin=8771-4990
mailto:alex@cnikvi.ru
https://orcid.org/0000-0002-7595-0276;
https://www.elibrary.ru/author_profile.asp?spin=7270-5113
mailto:shagabieva1412@mail.ru
https://orcid.org/0000-0002-3967-8359;
https://www.elibrary.ru/author_profile.asp?spin=8806-8539
mailto:nosovnj@mail.ru
https://orcid.org/0000-0002-9957-4009;
https://www.elibrary.ru/author_profile.asp?spin=6600-3311
mailto:aniram1970@list.ru


62 

T. 99, № 3, 2023

Submitted: 29.12.2022
Accepted: 22.05.2023
Published online: 06.06.2023

Статья поступила в редакцию: 29.12.2022
Принята к публикации: 22.05.2023
Дата публикации онлайн: 06.06.2023

Дерябин  Дмитрий  Геннадьевич — д.м.н., профессор; ORCID: https://orcid.org/0000-0002-2495-6694; eLibrary SPIN: 8243-2537;  
e-mail: dgderyabin@yandex.ru
Образцова  Ольга  Анатольевна — к.б.н.; ORCID: https://orcid.org/0000-0002-5728-2139; eLibrary SPIN: 8243-2537; e-mail: valeeva19@gmail.com
Никонорова  Евгения  Рамильевна — к.м.н.; ORCID: https://orcid.org/0000-0002-6360-2194; eLibrary SPIN: 5392-5170; e-mail: gatiatulinaer@gmail.com
Соломка  Виктория  Сергеевна — д.б.н.; ORCID: https://orcid.org/0000-0002-6841-8599; eLibrary SPIN: 1486-3284; e-mail: solomka@cnikvi.ru
Кубанов  Алексей  Алексеевич — д.м.н., профессор, академик РАН; ORCID: https://orcid.org/0000-0002-7625-0503; eLibrary SPIN: 8771-4990; 
e-mail: alex@cnikvi.ru

Вестник дерматологии и венерологии. 2023;99(3):53–62
Vestnik Dermatologii i Venerologii. 2023;99(3):53–62

ORIGINAL STUDIES / НАУЧНЫЕ ИССЛЕДОВАНИЯ

https://orcid.org/0000-0002-2495-6694;
https://www.elibrary.ru/author_profile.asp?spin=8243-2537
mailto:dgderyabin@yandex.ru
https://orcid.org/0000-0002-5728-2139;
https://www.elibrary.ru/author_profile.asp?spin=8243-2537
mailto:valeeva19@gmail.com
https://orcid.org/0000-0002-6360-2194;
https://www.elibrary.ru/author_profile.asp?spin=5392-5170
mailto:gatiatulinaer@gmail.com
https://orcid.org/0000-0002-6841-8599;
https://www.elibrary.ru/author_profile.asp?spin=1486-3284
mailto:solomka@cnikvi.ru
https://orcid.org/0000-0002-7625-0503;
https://www.elibrary.ru/author_profile.asp?spin=8771-4990
mailto:alex@cnikvi.ru

