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ABSTRACT

Background. Neisseria gonorrhoeae is a facultatively anaerobic microorganism
which is extremely demanding to the composition of a nutrient media and cultivation
conditions. In a situation of the increasing shortage and cost of foreign components
for the preparation of solid nutrient media, it is important to study the possibility
of growing hard-to-cultivate microorganisms on domestically produced nutrient
media.

The aim of the study. To evaluate the growth of gonococcus colonies on two types
of solid nutrient media — chocolate agar with growth and selective additives prepared
using imported reagents and chocolate agar with growth additives manufactured
by “Gem LTD” (Moscow, Russian Federation).

Materials and methods. A reference strain of N. gonorrhoeae NCTC 12700/
ATCC 49226 and two types of chocolate agar (the first one — prepared in the State
Scientific Center of Dermatovenerology and Cosmetology using imported compo-
nents and the other one — from the domestic manufacturer “Gem LTD”) were used
in the research.

Results. The equivalence of the growth properties of both studied types of nutrient
media when cultivating pure gonococcus was revealed.

Conclusions. Ready-to-use chocolate agar with growth additives produced
by “Gem LTD” can be successfully used in the laboratory for the cultivation of N. gonor-
rhoeae pure culture. Primary isolation of N. gonorrhoeae strains from clinical material
is more appropriate to carry out on a medium that suppresses the growth of foreign
microflora due to the inclusion of antibiotic additive. The organization of production
of domestic bacteriological media for microorganisms with high nutrient require-
ments reduces the dependence of domestic microbiology on import and ensures
their rapid delivery to laboratories.
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PE3IOME

O6ocHosaHue. Neisseria gonorrhoeae — hakysibmamugHoO aHas3po6HbIl MUKpO-
Op2aHu3M, KpatiHe mpebosamesibHbIli K COCMasy numamesibHoU cpedbl U yC108UAM
Kynemusayuu. B cumyayuu Hapacmaiowje2o depuyuma u ygesnuyeHus CMmoumo-
cmu 3apy6exHbiX KOMNOHeHMOo8 0J18 NPU20MOBJIeHUS MBEPObIX NUMAMesbHbIX
Cped akmyasbHbIM f8719€mca Ucc/1e008aHue 803MOXHOCMU 8bIpAUUBAMb
MpYOHOKY/IbmugupyemMble MUKPOOP2AaHU3MbI HA numameJibHbIX cpedax omedye-
CmeeHH020 npou3soocmaed.

Ljens uccnedoearus. lposedeHue oyeHKU pocma KoJIOHUU 80306y0umerisi 20HO-
KOKKO80U UH(beKyuu Ha 08yx munax meépobix numamesibHbIX Cpeod — WOKOIAOHOM
azape c pocmosbIMU U celeKmugHbIMU 006a8KaMu, NPU20MOBJIEHHOM C UCNOJ1b30-
8aHUEM UMNOPMHbIX peazeHmo8, U WOKO/Ia0HOM azdpe C pocmo8sbimMu 006askamu
npousgodcmea poccutickoti komnaHuu OO0 «lem» (Mockea).

Mamepuanel u Memoobl. B ucciedo8aHuu 6bis1 UCNOIL308AH KOHMPOJIbHbIU
wmamm N. gonorrhoeae NCTC 12700/ATCC 49226 u 08a 8u0d WIOKO/IA0HO20 a2dpa:
npuzomosseHHbil 8 OIBY «[ocyoapcmeeHHsIl Hay4YHbIU yeHmp OepmamosgeHe-
posioeuu u Kocmemosoauu» MuH30pasa Poccuu ¢ Ucnosib308aHuUemM UMNOPMHbIX
KOMNOHEeHMo8 U 0om omeyecmaeHHo20 npoussooumesis OO0 «lem».
Pe3ynemameol. bbina 8visgneHa pagHOUeHHOCMb pocmossbix caolicme uccrie-
008aHHbLIX NUMAamMeJsibHbIX Cped NPU KysbmusuposaHuu yucmou Kysnemypel
20HOKOKKQ.

3aknoyeHue. [omosbili K UCNO/ILb30BAHUIO WOKOJIAOHbIU dz2ap ¢ pocmosbiMu
dobaskamu npouszsodcmaa OO0 «lem» MoXxem ycnewHo Ucnosib308ambCs 8 1a60-
pamopuu 0715 KysiemusuposaHus yucmou Kynemypsi N. gonorrhoeae. lNepsuyHoe
gbidesieHUe wmammos N. gonorrhoeae u3 kuHU4Yeckozo Mamepuasna 6osee
uesnecoobpasHo nposodume Ha cpede, obecnequsarweli nodasseHue pocma
nocmopoHHel MUKpPOGI0pbl 3 CYEM 8K/IIOUEeHUS dHMubuomukocodepxawel
0obasku. OpeaHu3ayus npou3soo0cmea omedyecmseeHHbIX 6akmepuoI02u4eckux
Cped 0719 MUKPOOP2aHU3MO8 C 8bICOKUMU nUMamesibHbIMU NompebHocmamu
CHUXaem 3d8UcUMOCMb 0meYecmaeHHOU MUKpobuo102uu om umnopma u obe-
cnequsaem bbicmpyto ux 00cmasky 8 1abopamopudul.

Knrouessie cnoesa: Neisseria gonorrhoeae, numamesneHas cpeda, nabopamop-
HAs OudeHOCMUKA, WOKOIaoHwbIl azap, cenekmusHas 0obaskd, Isovitalex, VCAT,
uHeubumop MapmuHa u Jlvtouca
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INTRODUCTION

Neisseria gonorrhoeae is a facultatively anaerobic
microorganism which is demanding to the composi-
tion of a nutrient media and cultivation conditions.
The WHO Global Health Sector Strategy on Sexually
Transmitted Infections (2016-2021) [1] identifies Neis-
seria gonorrhoeae as one of the three most important
sexually transmitted infections (STls) that require ur-
gent and coordinated actions at the international lev-
el. The gonococcal pathogen has also been included
in the WHO's list of priority pathogens to guide and pro-
mote research and development (R&D) of new antibiot-
ics with a high priority level [2]. The relevance of Neis-
seria gonorrhoeae infection is determined by its abili-
ty to cause high morbidity among people of reproduc-
tive age with a pronounced negative impact on fertili-
ty and increase the risk of co-infection with other STls.
Moreover, it is important to note the lack of specific
prophylaxis and the progressive resistance of N. gon-
orrhoeae to antimicrobial agents [3].

The isolation of a pure culture of gonococcus
is the classical culture method, which is still the “gold
standard” for the diagnosis of gonorrhea. The princi-
pal advantage of the method is the isolation of a vi-
able culture of Neisseria gonorrhoeae, which is used
for further molecular-biological and genetic studies,
as well as for assessing the sensitivity of the microor-
ganism to antimicrobial agents, conducted by bacteri-
ological method [4, 5].

The culture medium for isolation of N. gonorrhoeae
includes an agar base providing nutrients in the form
of casein and peptones, phosphate buffer to main-
tain pH and corn starch to neutralize toxic fatty acids
that may be found in the agar. Ox-blood hemoglobin
provides delivery of X-factor (hemin). Isovitalex en-
richment supplement is a source of vitamins, amino
acids, coenzymes, glucose, iron ions and other factors
that improve Neisseria growth. Selective medium dif-
fers from conventional culture medium in that it con-
tains antimicrobial agents (e. g., vancomycin, colis-
tin, and nystatin or other antifungal agent) that inhibit
the growth of other bacteria and fungi without inhibit-
ing the growth of gonococci. The use of selective me-
dia favors isolation of a pure culture of Neisseria since
the anatomical source of the specimen also usually con-
tains other bacterial species, although it has been shown
that in rare cases some gonococcal strains may be sen-
sitive to the concentrations of vancomycin used [6].
The medium for the isolation of N. gonorrhoeae should
be inexpensive but characterized by specificity and sen-
sitivity.

In 2008, in connection with the practical imple-
mentation of the international GASP (Gonococcal An-
timicrobial Surveillance Program) [7] program in Rus-
sia, the State Scientific Center of Dermatovenerology
and Cosmetology of the Russian Ministry of Health de-
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veloped a package of “Standard Operating Procedures”
(SOPs), including “Standard Operating Procedures
for Species Identification of the Gonorrhea Pathogen”
[8]. The paper proposes media for the initial isolation
of N. gonorrhoeae from clinical specimens and for sub-
sequent culturing to determine antibiotic resistance.
To isolate N. gonorrhoeae, chocolate agar based on GC
Medium Agar Base is used. According to the SOP, bovine
hemoglobin and Isovitalex growth supplement are add-
ed to the GC Medium Agar Base when preparing non-se-
lective culture medium. VCAT (Martin and Lewis inhib-
itor) supplement containing vancomycin, colistin, ani-
somycin and trimethoprim is additionally added to ob-
tain selective agar.

Due to the introduction of economic sanctions
against the Russian Federation by the United States,
the European Union and a number of other countries,
the purchase of products for bacteriological high-tech
nutrient media is limited, so it seems relevant to search
for domestic import-substituting nutrient media. One
of the national companies engaged in industrial produc-
tion of ready-made nutrient media with a composition
suitable for cultivation of cultures of gonococcal patho-
gen is “Gem LTD” (Moscow).

The aim of this study was to evaluate the efficiency
of N. gonorrhoeae colony growth on two types of chocolate
agar — produced by “Gem LTD" (specialized agar for N. gon-
orrhoeae cultivation) and medium prepared from imported
reagents in accordance with the SOP.

MATERIALS AND METHODS

Two types of chocolate agar were used for growing
the culture of N. gonorrhoeae - produced by “Gem LTD”
and prepared according to the instructions in the SOP
for species identification of the gonorrhea pathogen devel-
oped by the State Scientific Center of Dermatovenerology
and Cosmetology of the Russian Ministry of Health.

Chocolate agar produced by “Gem LTD" is a dense nu-
trient medium prepared in accordance with the require-
ments of TU 9385-003-16665457-2013 [9]. The agar con-
tains defibrinated sheep blood, which enriches the me-
dium with the iron-containing pigment hemin (growth
factor X). Thermostable hemin is released from eryth-
rocytes when blood is added to the chocolate agar
base at about 80 °C. To improve the growth properties
of the nutrient medium, thermolabile factor V (NAD,
Nicotinamide adenine dinucleotide), which is involved
in oxidation-reduction (redox) reactions, is additionally
added to chocolate agar cooled to 45-50 °C. The ready-
to-use medium is poured into 90 mm diameter Petri dish-
es. The dishes with the medium are hermetically packed
in polyethylene bags and stored in a dry place protected
from light at a temperature of 2-8 °C for 2 months.

When preparing chocolate agar at the State Sci-
entific Center of Dermatovenerology and Cosmetol-



ogy of the Russian Ministry of Health in accordance
with the SOP, components of imported origin are used:
GC Medium Agar Base is produced by Indian or Ameri-
can companies (Pronadisa, Thermo Fisher Scientific, Bec-
ton Dickinson); lyophilized bovine hemoglobin (Hemo-
globin Bovine), Isovitalex and VCAT are purchased main-
ly from the American supplier, Becton Dickinson. Prep-
aration of test portions and autoclaving of agar base
and hemoglobin are carried out at the laboratory cent-
er of the State Scientific Center of Dermatovenerology
and Cosmetology of the Russian Ministry of Health; ad-
ditives are added immediately before pouring the dish-
es. 90 mm diameter dishes are used, which are packed
in polyethylene bags after pouring and drying and stored
at 2-8 °C for up to 3 weeks.

To control the quality of media, the reference
strain of N. gonorrhoeae NCTC 12700/ATCC 49226,
recommended for antibiotic sensitivity testing [10],
was used. The strain was stored in cryo-medium at -80 °C
and was seeded from the storage medium into Petri dish-
es with medium prepared according to the SOP one day
before the study.

A saline suspension equivalent to the McFar-
land standard of 0.5-108 colony-forming units per ml
(CFU/mIl) was prepared from an overnight culture
of the reference strain, and test inoculates of 104, 103
and 102 CFU/ml were prepared from it. Each inoculum
was seeded on 3 dishes of chocolate agar from each
manufacturer in a volume of 0.1 ml, corresponding
to 103, 102 and 10 CFU. For sterility control, 3 choco-
late agar dishes of each manufacturer were incubated
without seeding.

The growth pattern and the number of colonies grown
on the agar surface were evaluated after 24 and 48 h of in-
cubation at 37 °Cand increased (3-5 %) CO, content. During
the study, qualitative and quantitative control of the growth
of N. gonorrhoeae on nutrient media was performed. Quali-
tative control is based on the evaluation of the growth pat-
tern of the test culture. An indicator of quantitative con-
trol was the yield of microbial cells when test inoculums
were sown.

RESULTS AND DISCUSSION

After 24 h of incubation, growth of colonies
up to 0.5 mm in diameter, opaque, rounded in shape
was observed on all three dishes with chocolate agar
produced by “Gem LTD". The number of colonies
grown was directly proportional to the number sown
(Fig. 1), namely: an average of 750 colonies of N. gonor-
rhoeae per dish grew on dishes with 103 CFU/mL seed-
ing, 90 colonies with 102 CFU/ml seeding, and 7 col-
onies with 10 CFU/ml seeding. There was no colony
growth 24 h after sowing on all the dishes with me-
dium prepared according to the SOP, but after 48 h
Neisseria colonies appeared in the following num-
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bers: on dishes with 103 CFU/ml sowing the num-
ber of colonies increased to an average of 950 col-
onies per dish; on dishes with 102 CFU/ml sowing -
up to 80 colonies; on dishes with 10 CFU/ml sowing -
up to 7 colonies. Regardless of the culture medium,
all colonies were gray, with a shiny surface, opaque,
convex, rounded, 1.5-2 mm in diameter. Belonging
of microorganisms to the genus Neisseria was con-
firmed by oxidase test: one drop of Tetramethyl-p-
phenylenediamine dihydrochloride reagent was ap-
plied to the grown colonies; after 10 s the colonies ac-
quired blue coloring (Fig. 2).

FIG. 1.
N. gonorrhoeae colonies on chocolate agar manufactured
by “Gem LTD" 24 hours after inoculation with 10 CFU per plate

No growth of foreign microflora was observed
on control dishes, which were not sown, after 24
and 48 h of incubation, which confirms the fact of ab-
sence of contamination of nutrient media at all stag-
es of preparation.

Thus, chocolate agar - both prepared according
to the SOP and produced by “Gem LTD" - provides growth
and manifestation of typical culture and morphological
properties of gonococcus within 24-48 hours. The later ap-
pearance of N. gonorrhoeae colonies on the medium pre-
pared according to the SOP is explained by the presence
of the selective VCAT supplement containing antimicrobi-
al agents (vancomycin, colistin, anisomycin and trimeth-
oprim), which inhibit, among other things, the growth
of gonococcus.



FIG. 2.

N. gonorrhoeae colonies on chocolate agar manufactured

by “Gem LTD" 48 hours after inoculation with 100 CFU per plate: ox-
idase test

CONCLUSION

The study conducted showed the equivalence
of growth properties of chocolate agar prepared according
to both SOP and “Gem LTD". Both types of culture medium
support the growth of the test strain of gonococcus even
at as low a test inoculum level as 102 CFU/ml, which is im-
portant when isolating a pure culture of gonococcus from
clinical material.

Ready-to-use chocolate agar with growth addi-
tives produced by “Gem LTD"” can be successfully used
in the laboratory for cultivation of a pure culture of N. gon-
orrhoeae, in particular for routine colony passage as part
of collection or other laboratory and experimental work.
When selective components are added to the agar,
it can be tested for the isolation of pathogenic Neis-
seria spp. from clinical specimens as well. Thus, under
the conditions of economic and other sanctions, leading
to restrictions on the import of reagents for the prepara-
tion of nutrient media of foreign production, the availa-
bility of domestic media of high quality for work with diffi-
cult-to-cultivate microorganisms, which includes N. gonor-
rhoeae, is particularly important for the continuous imple-
mentation of work on monitoring antimicrobial resistance.

Conflict of interest
The authors of this article declare no conflicts of in-
terest.

94

REFERENCES

1. World Health Organization. Global health sector strategy
on sexually transmitted infections, 2016-2021. URL: https://www.
who.int/publications/i/item/WHO-RHR-16.09 [date of access:
11.04.2023].

2. WHO publishes list of bacteria for which new antibiotics
are urgently needed. 27.02.2017. URL: https://www.who.int/ru/
news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-
new-antibiotics-are-urgently-needed/ [date of access: 11.04.2023].

3. Kubanov AA, Solomka VS, Rakhmatulina MR, Deryabin DG.
Antimicrobial resistance of Neisseria gonorrhoeae and gonococcal
infection therapy: Yesterday, today, tomorrow. Vestnik dermatologii
i venerologii. 2022; 98(3): 15-23. (In Russ.). [Ky6aHoB A.A., Conom-
Ka B.C., PaxmatynuHa M.P, [epa6buH [.I. YcTtounsocTb Neisseria
gonorrhoeae K aHTUMMKPOOHbIM NpenapaTam 1 CpeacTBa Tepanim
rOHOKOKKOBOWN UHbeKLMN: BYepa, CerofHs, 3aBTpa. BecmHuk
depmamorozuu u seHeposozuu. 2022; 98(3): 15-23]. doi: 10.25208/
vdv1317

4. All-Russian Public Organization“Russian Society of Derma-
tovenereologists and Cosmetologists’, Russian Society of Obstetri-
cians and Gynecologists. Gonococcal infection: Clinical guidelines.
2021. (In Russ.). [O6uiepoccuiickas obLecTBeHHan opraHn3auus
«Poccuinckoe o6LLecTBO 1epMaTOBEHEPOJIOTNOB 11 KOCMETOJIOTOBY,
Poccuiickoe 06LLecTBO aKyLLepOB-rMHEKONOroB. [OHOKOKKO8AsA UH-
ekyus: knuHuyeckue pekomeHoayuu. 2021]. URL: https://legalacts.
ru/doc/klinicheskie-rekomendatsii-gonokokkovaja-infektsija-utv-
minzdravom-rossii/ [date of access: 11.05.2023].

5. Radcliffe K. European standards for diagnosis and treatment
of sexually transmitted diseases. Moscow: Meditsinskaya literatura;
2021. (In Russ.). [Pagknud K. Esponelickue cmaHoapmel dudzHo-
CMUKU U fleyeHus 3ab6osesaruti, nepedagaemsix NOI08bIM NYyMeM.
M.: MegunuunHckasa nutepatypa; 2021].

6. Mirrett S, Reller LB, Knapp JS. Neisseria gonorrhoeae
strains inhibited by vancomycin in selective media and correla-
tion with auxotype. J Clin Microbiol. 1981; 14: 94-99. doi: 10.1128/
jcm.14.1.94-99.1981

7. Wi T, Lahra MM, Ndowa F, Bala M, Dillon J-AR, Ramon-
Pardo P, et al. Antimicrobial resistance in Neisseria gonorrhoeae:
Global surveillance and a call for international collaborative
action. PLoS Med. 2017; 14(7): e1002344. doi: 10.1371/journal.
pmed.1002344

8. Kubanova AA, Kubanov AA, Frigo NV, Polevshchikova SA,
Solomka VS, Lesnaya IN, et al. Standard operating procedures
for species identification of the gonorrhea pathogen. Collection
of standard operating procedures (SOP No. GON 003/04; SOP
No. GON 004/04; SOP No. GON 005/04). Moscow: OOO «DEKS-
PRESS»; 2008. (In Russ.). [Ky6aHoBa A.A., Ky6aHos A.A., ®puro H.B.,
Moneswukosa C.A., Conomka B.C., JlecHaa W.H., n gp. CmaH-
dapmHele onepayuoHHble npoyedypbl N0 NPoBedeHUto 8udosol
udeHmugukayuu 8o36youmerns 2oHopeu. COOpHUK CMAaHOapmMHbIX
onepayuoHHbix npoyedyp (COIM N2 FOH 003/04; COIMNeTOH 004/04;
COITNe[OH 005/04). M.: 000 «[13KC-MPECC»; 2008]. URL: https://
www.cnikvi.ru/upload/files/369_SOP_ident_gonorei.pdf [date of
access: 11.04.2023].

9. Dense nutrient medium for the isolation of fastidious
microorganisms, ready to use, chocolate agar with growth ad-
ditives according to TU 9385-003-16665457-2013: Registration
certificate for a medical device No. RZN 2014/2242 d.d. from



31.12.2014. (In Russ.). [[lnomHas numamenvHasa cpeda 014
8bl0e/IeHUA NPUXOMJIUBLIX MUKPOOP2AHU3MO8, 20mo8ads K Uc-
NoJib308aHUK, WOKO/IAOHbIU deap ¢ pocmosbiMu 006as8Kkamu nNo
TY 9385-003-16665457-2013: PernctpaunoHHOe yooCcToBepeHne
Ha meguumHckoe nsgenue Ne P3H 2014/2242 ot 31.12.2014].

Information about the authors

URL: https://nevacert.ru/reestry/med-reestr/rzn-2014-2242-2796
[date of access: 11.04.2023].

10. CLSI methods for dilution antimicrobial susceptibility
tests for bacteria that grow aerobically: Approved standard; 9th ed.
Wayne, PA; 2014.

Nikita Yu. Nosov — Cand. Sc. (Biol.), Leading Research Officer at the Department of Laboratory Diagnostics of Sexually Transmitted Infections and Dermatosis, State Scientific Center

of Dermatovenerology and Cosmetology, e-mail: nnosov@cnikvi.ru, https://orcid.org/0000-0002-3967-8359
Yulia Z. Shagabieva — Cand. Sc. (Chem.), Senior Research Officer at the Department of Laboratory Diagnostics of Sexually Transmitted Infections and Dermatosis, State Scientific Center

of Dermatovenerology and Cosmetology, e-mail: shagabieva1412@mail.ru, https://orcid.org/0000-0002-7595-0276

Marina V. Shpilevaya — Cand. Sc. (Biol.), Senior Research Officer at the Department of Laboratory Diagnostics of Sexually Transmitted Infections and Dermatosis, State Scientific Center

of Dermatovenerology and Cosmetology, e-mail: shpilevaya@cnikvi.ru, https://orcid.org/0000-0002-9957-4009
Viktoria S. Solomka — Dr. Sc. (Biol.), Advisor to the Director for Science, State Scientific Center of Dermatovenerology and Cosmetology, e-mail: solomka@cnikvi.ru, https://orcid.org/0000-

00026841-8599

95





