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ABSTRACT

Background and Objectives: Antimicrobial resistance of Neisseria gonorrhoeae is globally spread and threatening. Cultur-
ing of N. gonorrhoeae is the only method to collect live isolates for investigation antimicrobial resistance profile. Therefore,
quality assessment of N. gonorrhoeae culture is essential for successful isolation of gonococci. This study was conducted to
evaluate deferred and bedside culture of N. gonorrhoeae depending on the year season and temperature condition of transport
media temporary storage.

Materials and Methods: Urogenital swabs from 46 symptomatic heterosexual patients with gonorrhoea and subculture of
N. gonorrhoeae in 46 suspensions in concentrations 1.5 x 108 CFU/ml were subjected to the study. Non-nutritive transporting
medium Amies Agar Gel Medium with charcoal (Copan Diagnostics Inc., Brescia, Italy) was used for deferred culture and
selective Chocolate agar TM+PolyViteX VCAT3 (BioMérieux, Marcy-1'Etoile, France) for both tested methods of culture.
Results: The specificity of both bedside and deferred methods of culture was 100%. The sensitivity of deferred culture was
higher than of bedside culture (82.6% vs 47.8%, p<0.0005). Deferred culture showed significantly higher sensitivity com-
paring to bedside culture in summer (100% vs 50%, p=0.003), and comparably the same as for bedside culture in autumn,
winter and spring.

Conclusion: The viability of N. gonorrhoeae subcultures was significantly higher in refrigerated samples from transport
media than from ambient one after exposition from 48 to 96 hours. Optimal viability of N. gonorrhoeae was observed when
transport swabs were kept refrigerated up to 48 h (73.9-93.5%) or ambiently — up to 24 h (87%). Updating laboratory guide-
lines regarding sampling and timely specimen processing might improve gonococcal culture performance.
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INTRODUCTION

Gonorrhoea is the second most common sexually
transmitted infection (STI) spreading worldwide,

“Corresponding author: Iryna Boiko, MD, Department of
Functional and Laboratory Diagnostics, I. Horbachevsky
Ternopil National Medical University, Ternopil, Ukraine.
Tel: +380676821787
Fax: +380352524183
Email: iryna.boiko.ua@gmail.com

caused by Gram-negative diplococci Neisseria gon-
orrhoeae (1-3). It is a serious public health problem
as untreated infection may lead to severe secondary
sequelae, including pelvic inflammatory disease,
first-trimester miscarriages, ectopic pregnancy and
infertility. N. gonorrhoeae infections also facilitate
HIV acquisition and transmission (2, 4, 5). Antimi-
crobial surveillance monitoring has been set up in
many countries worldwide (6-8) to provide an urgent
and adequate response to the exceptional ability of V.
gonorrhoeae to develop resistance almost to all anti-
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microbials used in various treatment regimes. WHO
recommends systematically to investigate the anti-
microbial resistance profile of sufficiently large and
representative of reported gonorrhoea cases in each
country yearly (9). Culture remains the only routine
laboratory method to provide alive gonococci for
antimicrobial resistance study. Gonococci are fastid-
ious sexually transmitted bacteria and require par-
ticular cultivation conditions to survive in vitro (10),
which raises a challenge for culture diagnostics even
nowadays (11-13). Temporary storage and transpor-
tation conditions along with the collection of biologi-
cal material, are the significant part of pre-analytical
microbiology process. Bedside culturing with direct
and immediate inoculation of biological specimens
on the agar plate is considered a golden standard for
N. gonorrhoeae culture (10). However, this method
is time-consuming, it imposes additional duties on
clinicians: to keep pre-warm agar plates, to correctly
distribute biological material onto the agar surface,
to collocate thermostat in the examination room, to
monitor the incubation conditions (temperature, hu-
midity and CO, indicators), even during short-term
temporary storage before transportation to the lab-
oratory.

The other main practical problem that confronts us
is that many biological specimens are transported to
the diagnostic laboratories over long distances and
time intervals. Considering the obstacles, the use of
transport media is recommended to maximise N. gon-
orrhoeae survival and sample quality (10). Transport
medium is the most relevant for clinical departments
located distantly from laboratories. The fluctuation
of ambient temperature during the temporary stor-
age and transportation plays a significant role in the
further successful cultivation and identification of V.
gonorrhoeae strains. The climate in Ukraine has wide
temperature fluctuation during a year — from the high-
est in July (13/24°C) to the lowest in winter (0/-6°C)
(https://en.m.wikipedia.org/wiki/Geography of
Ukraine). Different climate conditions could be an
issue for samples transportation, despite even the use
of thermo-protected boxes. To the best of our knowl-
edge, quality evaluation of specimen inoculation
methods for N. gonorrhoeae culture has not been
performed in Ukraine during the last 15 years, and
no study has been reported internationally.

To improve isolation of N. gonorrhoeae for an-
timicrobial resistance study in Ternopil region of
Ukraine, we aimed to compare two methods of N.
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gonorrhoeae culture: bedside and deferred by using
transporting Amies Agar Gel Medium with charcoal
(Copan Diagnostics Inc., Brescia, Italia) and selec-
tive Chocolate agarTM+PolyViteX VCAT3 media
(bioMérieux, Marcy-l‘Etoile, France); to assess the
isolation rate of N. gonorrhoeae depending on an-
nual seasons and temperature condition of transport
media temporary storage.

MATERIALS AND METHODS

Study design. The present comparative pilot study
was conducted in two phases. Firstly, bedside and de-
ferred culture using a non-nutritive transport Amies
Agar Gel Medium with charcoal (Copan Diagnos-
tics Inc., Brescia, Italy) with selective Chocolate
agar TM+PolyViteX VCAT3 media (bioMérieux,
Marcy-1'Etoile, France) were compared in isolation
rate during different seasons of the year. Secondly,
a non-nutritive transport medium with charcoal was
assessed at different temperature regimes (ambient
and refrigerated) and time of storage (0 h, 24 h, 48 h,
72 h, 96 h) basing on the preservation of the viability
of N. gonorrhoeae subcultures.

Patient population. Forty-six symptomatic pa-
tients with urogenital discharges attending Ternopil
Regional STI Clinic (Ukraine) from January 2016 to
December 2017 were enrolled in the study. The in-
formed consent was obtained from all participants.
Diagnosis of gonorrhoea was made according to the
presence of Gram-negative intracellular diplococci
and leukocytosis in urogenital smears in microsco-
py and isolation of N. gonorrhoeae in culture. All
isolates were cultured onto a selective agar media
Chocolate agar TM+PolyViteX VCAT3 (BioMerieux
Ltd, France) and subsequently confirmed as N. gon-
orrhoea by identification of Gram-negative diplo-
cocci in microscopy, rapid oxidase reaction (OXI
test diagnostic strips, Microlatest; Czech Republic),
and rapid sugar utilization test (Neisseria-test, PLI-
VA - Lachema Diagnostika s.r.o., Czech Republic).
N. gonorrhoeae isolates were cultured as part of the
standard patient management protocol, and no pa-
tient identification information was disclosed in the
study. Patients received treatment of gonorrhoea and
concomitant STI according to the guidelines of the
Ministry of Health of Ukraine issued in 2004 and
2009 (14, 15).
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Biological specimens. Specimens for N. gonor-
rhoeae culture were collected from male urethra
and female cervix. The first specimen was prompt-
ly inoculated by sterile probe directly onto a selec-
tive Chocolate agar TM+PolyViteX VCAT3 media
(bioMérieux, Marcy-I'Etoile, France) (selective choc-
olate agar) in the examination room and immedi-
ately placed in the thermostat for 24-48 hours at 36
+ 1°C in a humid candle jar. Second specimen was
taken with the swab from non-nutritive transport-
ing Amies Agar Gel Medium with charcoal (Copan
Diagnostics Inc., Brescia, Italy) (non-nutritive trans-
port medium), temporary stored in the examination
room during 0.5-6 hours at ambient temperature 18-
25°C and then transported in the thermo-protected
box during 10-15 min to the Laboratory department
of Ternopil Regional STI Clinic where laboratory
specialist inoculated swabs from the transport me-
dia onto agar plate with selective chocolate agar. All
samples were incubated for 24-48 hours at 36 + 1°C
in a humid candle jar. Isolates were confirmed as V.
gonorrhoeae as described above.

Neisseria gonorrhoeae subcultures. Fresh sub-
cultures of 46 clinical isolates of N. gonorrhoeae
were cultivated on selective chocolate agar for 18-24
hours at 36 + 1°C in a humid candle jar and confirmed
as N. gonorrhoeae. Fresh growth from culture plates
was used to prepare suspensions of each bacterium
in saline equivalent to a 0.5 McFarland Standard
(bioMérieux, Marcy-I'Etoile, France), approximately
1.5 x 10®* CFU/ml.

For each tested isolate (n=46) five swabs from the
transport system were inoculated with 100 pL of the
bacterial suspension for each evaluated time point (0
h, 24 h, 48 h, 72 h, 96 h). This procedure was dupli-
cated, so results of two plate cultures for each saline
dilution were counted.

Statistical analysis. The bedside and deferred cul-
ture of N. gonorrhoeae were compared for differenc-
es in isolation rates, the time required for isolation, a
year season of performing diagnostics and temperate
of transport media temporary storage. The results
were considered positive when at least one typical
colony was present and confirmed as N. gonorrhoe-
ae. True positive and false negative samples, positive
predictive value (PPV) and sensitivity were calcu-
lated with 95% confidence intervals (95% CI) using
the exact binomial distribution method. P-value was
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displayed with a threshold at 0.05. Statistical analy-
sis was performed by MedCalc Statistical Software
version 18.11.3 (MedCalc Software bvba, Ostend,
Belgium).

Ethical approval. Bioethics Commission of I.
Horbachevsky Ternopil State Medical University
(Ukraine) approved the study (Excerpts from Min-
utes No. 29, dated 20.05.2015).

RESULTS

Samples for culture were taken from 46 symptom-
atic heterosexual patients, including 38 male and 8
female patients, 28.5 years old on average (range
17-80). All patients presented urogenital discharg-
es and have been diagnosed with gonorrhoea. Both
methods of culture achieved 100% positive predic-
tive value (PPV). More than half of false-negative
results (52.2%, 24/46) were obtained using bedside
culture and 17.4% (8/46) — using deferred culture.
No false-negative results were obtained using trans-
port media during summer, while bedside culture
provided 50% (7/14) of false-negative results. Sen-
sitivity was significantly higher using the transport
system comparing to the bedside culture (82.6% vs
47.8%, p=0.005). Deferred culture showed signifi-
cantly higher sensitivity comparing to bedside cul-
ture in summer (100% vs 50%, p=0.003), and was
comparably the same as bedside culture in other 3 of
4 year seasons, accordingly 83.3% vs 50% in autumn
(p=0.09), 66.7% vs 55.6% in winter (p=0.64) and
72.7% vs 36.4% in spring (p=0.09). The proportion
of positive gonococcal culture depending on culture
methods and year seasons is shown in Table 1.

No significant differences in positive culture re-
sults between the ambient and refrigerated tem-
perature regimes of temporary storage of biological
specimens in the transport medium were observed in
0-24 hours of time check-points. However, positive
results of N. gonorrhoeae cultures were received sig-
nificantly more frequently from refrigerated samples
than from ambient, accordingly after 48 h —in 73.9%
vs 52.2% (p=0.03), after 72 h of storage in 58.7% vs
37% (p=0.04), and after 96 h — in 47.8% vs 17.4%
(p=0.002). The viability of subcultures decreased
rapidly in all cases from 24 h to 96 h of storage, and
nonviable subcultures were obtained significantly
more frequently from ambient transport media than
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Table 1. The proportion of cases provided a positive gonococcal culture by season and mode of specimen inoculation onto

agar pates
Season Mode of True positive False-negative Sensitivity PPV
inoculation N % (95%CI) n % (95%CI) %  (95%CI) % (95% CI)

P value* p-value® p-value*

Winter, Directly plated 5 55.6 (21.2-86.3) 4 444 (13.7-78.8) 55.6 (21.2-86.3) 100 (66.4-100)

n=9 Deferred plated 6 66.7 (29.9-92.5) 3 333 (7.5-70.1) 66.7 (29.9-92.5) 100 (66.4-100)
p=0.64 p=0.64 p=0.64

Spring, Directly plated 4 36.4 (10.9-69.2) 7 63.6 (30.8-89.1) 36.4 (10.9-69.2) 100 (71.5-100)

n=11 Deferred plated 8 72.7 (39-94) 3 273 (6-61) 72.7 (39-94) 100 (71.5-100)
p=0.09 p=0.09 p=0.09

Summer,  Directly plated 7 50 (23-77) 7 50 (23-77) 50 (23-77) 100 (76.8-100)

n=14 Deferred plated 14 100 (76.8-100) 0 0 (0-23.2) 100 (76.8-100) 100 (76.8-100)
p=0.003 p=0.003 p=0.003

Autumn, Directly plated 6 50 (21.1-78.9) 6 50 (21.1-78.9) 50  (21.1-78.9) 100 (73.5-100)

n=12 Deferred plated 10 83.3 (51.6-97.9) 2 16.7 (2.1-48.4) 83.3 (51.6-97.9) 100 (73.5-100)
p=0.09 p=0.09 p=0.09

All Directly plated 22 47.8 (32.9-63.1) 24 522 (36.9-67.1) 47.8 (32.9-63.1) 100 (92.3-100)

seasons, Deferred plated 38 82.6 (68.6-92.2) 8 174 (7.8-31.4) 82.6 (68.6-92.2) 100 (92.3-100)

n=46 p=0.0005 p=0.0005 p=0.0005

PPV, positive predictive value; CI, confidence interval; p, p-value.

refrigerated one after 48 h—47.8% vs 26.1% (p=0.03),
72 h — 63% vs 41.3% (p=0.04) and 96 h — 82.6% vs
52.2% (p=0.002) respectively. The details for the vi-
ability of gonococcal subcultures in different time
check-points and temperatures of temporary storage
of sampled transport media are shown in Table 2.

DISCUSSION

Gonorrhoea cases have been risen worldwide over
the last decades, especially in the well-developed
countries (3). Use of highly sensitive and specific
molecular tests and genome-based technics lead to
effective screening and diagnostic efforts (16). In
less-developed countries, for example, in Ukraine,
microscopy and culture remain to be basic laboratory
methods for screening and diagnosing gonorrhoea.
Evaluation of quality performance is the crucial step
for accurate laboratory testing on STI, including M.
gonorrhoeae (17-20). Pre-analytical steps of culture
play an essential role in the successful N. gonorrhoe-
ae isolation (10). This study was designed to com-
pare the ability of deferred and bedside culture to
maintain the viability of N. gonorrhoeae depending
on year seasons, time and temperature conditions of

http://ijm.tums.ac.ir

IRAN. J. MICROBIOL. Volume 12 Number 3 (June 2020) 216-222

transport media temporary storage. Non-nutritive
transport medium with charcoal for the deferred cul-
ture of N. gonorrhoeae was evaluated as a method of
improving the specimen quality.

Transport media showed better performance char-
acteristics in our study comparae to the gold stan-
dard bedside culture. Combination of using non-nu-
tritive transport system with charcoal with further
inoculation of the biologic specimens onto selective
chocolate agar had optimal sensitivity compared to
bedside culture (82.6% vs 47.8%, p=0.0005). The de-
ferred culture showed higher sensitivity comparing
with directly plated material in summer (100% vs
50%, p=0.003), and comparably the same sensitivity
as bedside culture in autumn, winter and spring. The
highest isolation rate of N. gonorrhoeae (98%) us-
ing deferred culture with Copan Amies gel agar with
charcoal was described by Olsen et al. (21). Radebe
et al. showed the viability of 62.4-88.2% for deferred
culture using Amies transport medium, that is simi-
lar to the results of our study (22).

The study confirmed that refrigerated samples,
which were stored in the non-nutritive transport me-
dia during 48 h, 72 h and 96 h had positive culture
results more frequently than those stored at ambient
condition, i.e. 73.9% vs 52.2%, 58.7% vs 37%, 47.8%
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Table 2. The proportion of viability of gonococcal subcultures by the different time of inoculation stored at ambient and re-

frigerated temperatures

Temperature N. gonoroeae Oh 24h 48 h 72h 96 h

of temporary isolate n % (95%CI) n % (95%CI) n % O5%CIH) n % O5%CI) n % (95%CI)
storage

ambient viable 46 100(92.3-100) 40 87 (73.8-95.1) 24 522 (37-67.1) 17 37 (23.2-52.5) 8 174 (7.8-31.4)
(n=46)

refrigerated  viable 46 100 (92.3-100) 43 93.5 (82.1-98.6) 34 73.9 (58.9-85.7) 27 58.7 (43.2-73) 22 47.8 (32.9-63)
(n=46)

p-value 1 0.296 0.03 0.04 0.002

ambient nonviable 0 0 (0-7.7) 6 13 (4.9-262) 22 47.8 (32.9-63) 29 63 (47.5-76.8) 38 82.6 (68.6-92.2)
(n=46)

refrigerated  nonviable 0 0 (0-7.7) 3 6.5 (l1.6-18.6) 12 26.1 (14.3-41.2) 19 41.3 (27-56.8) 24 52.2 (37-67.1)
(n=46)

p-value 0 0.296 0.03 0.04 0.002

CI, confidence interval.

vs 17.4% respectively, which is in line with Ser-
ra-Pladevall J et al. (23). The best viability rate was
for refrigerated transport media during 24 h (93.5%)
and 48 h (73.9%). The acceptable viability of N. gon-
orrhoeae was for transport media ambient storage
during 24 h (87%). For longer than 24 h temporary
ambient storage and longer than 48 h temporary
refrigerated storage the viability was suboptimal:
52.2- 17.4% and 58.7-47.8% respectively, which was
accordingly with Farhat et al. (24). The possibility of
preservation of samples for a relatively long period
(within 24-48 hours) using transport media without
the loss of viability of gonococci is crucial for clini-
cal departments located distantly from the laborato-
ry. Otherwise, when storage is needed for more than
96 h, nutritive transport media are recommended
(10). Our study suggested the use of nutritive trans-
port media for temporary storage for more than 48 h
to maintain the best performance characteristics of
deferred culture for N. gonorrhoeae.

This study changed the procedure of transporta-
tion and inoculation of specimen samples at Ternopil
regional STI clinic by the implementation of Amies
Agar Gel Medium with charcoal (Copan Diagnostics
Inc., Italy) and selective Chocolate agar TM+Poly-
ViteX VCAT3 media (bioMérieux, Marcy-I'Etoile,
France) for N. gonorrhoeae culture. This study made
it possible to collect 136 pure isolates of N. gonor-
rhoeae and investigate their antimicrobial profiles in
the WHO reference laboratory for the first time in
Ukraine (25).
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However, our study had several limitations: this
pilot study was based on the relatively small size of
urogenital samples and subcultures (46) from the
limited geographic population, i.e. from 1 of 24 re-
gions of Ukraine and no reference strain of N. gonor-
rhoeae was used due to its absence in Ukraine. De-
spite known limitations, our pilot study might sup-
port future expanded evaluation of N. gonorrhoeae
culture in Ukraine.

CONCLUSION

Deferred culture of N. gonorrhoeae with the use
of non-nutritive transport system Amies Agar Gel
Medium with charcoal and selective Chocolate agar
TM+PolyViteX VCAT3 (BioMérieux, Marcy-I'Etoile,
France) has significantly higher reproducing quality
than bedside culture with the same selective media
for isolation of N. gonorrhoeae. Deferred culture has
significantly higher sensitivity comparing to direct-
ly plated material in summer, and was comparably
the same as bedside culture in autumn, in winter and
spring. Storage of samples in refrigerated non-nutri-
tive transport media with charcoal is superlative over
the ambient condition and has optimal performance
for exposition up to 48 hours. Using of transported
media for N. gonorrhoeae is effective in investiga-
tion of gonococcal antimicrobial resistance profile,
especially in cases when clinical departments are
located distantly from microbiological laboratories.
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Further expanded evaluation of gonococcal culture
in Ukraine is needed, with involving extragenital
samples, both from heterosexual and homosexual
patients. Implementation of validated and quality-as-
sured culture methods is highly actual and mandato-
ry in Ukraine. The authors declare that they have no
competing interest.

ACKNOWLEDGEMENTS

We are especially grateful to Oleksandr I. Khara
for extensive and invaluable support. We thank Iryna
Letina for English language editing and review. We
would also like to thank the following collaborators
for clinical and technical assistance: Luidmyla P.
Gayova, Volodymyr V. Romaniv, Valentyna Y. Gryt-
suik, Thor Kohut, Lilia Ivachova, Inna Shumeiko.

REFERENCES

1. Rowley J, Vander Hoorn S, Korenromp E, Low N, Un-
emo M, Abu-Raddad L, et al. Chlamydia, gonorrhoea,
trichomoniasis and syphilis: global prevalence and
incidence estimates, 2016. Bull World Health Organ
2019; 97:548-562.

2. Unemo M, Seifert HS, Hook EW 3", Hawkes S, Ndowa
F, Dillon JR. Gonorrhoea. Nat Rev Dis Primers 2019;
5:79.

3. European Centre for Disease Prevention and Control.
Disease data from ECDC Surveillance Atlas — gonor-
rhoea. https://www.ecdc.europa.cu/en/gonorrhoea/sur-
veillance-and-disease-data/disease-data-atlas

4. Tsevat DG, Wiesenfeld HC, Parks C, Peipert JF. Sex-
ually transmitted diseases and infertility. 4m J Obstet
Gynecol 2017; 216:1-9.

5. Koval HD, Chopyak VV, Kamyshnyi OM, Kurpisz
MK. Transcription regulatory factor expression in
T-helper cell differentiation pathway in eutopic endo-
metrial tissue samples of women with endometriosis
associated with infertility. Cent Eur J Immunol 2018;
43:90-96.

6. Cole MJ, Quinten C, Jacobsson S, Michaela Day, An-
drew J, Amato-Gauci, et al. The European gonococcal
antimicrobial surveillance programme (Euro-GASP)
appropriately reflects the antimicrobial resistance
situation for Neisseria gonorrhoeae in the Europe-
an Union/European Economic Area. BMC Infect Dis
2019;19:1040.

7. Unemo M, Clarke E, Boiko I, Patel C, Patel R. Adher-

http://ijm.tums.ac.ir

10.

11.

12.

13.

14.

15.

16.

17.

18.

IRAN. J. MICROBIOL. Volume 12 Number 3 (June 2020) 216-222

NEISSERIA GONORRHOEAE CULTURE

ence to the 2012 European gonorrhoea guideline in the
WHO European region according to the 2018-19 inter-
national union against sexually transmitted infections
European collaborative clinical group gonorrhoea sur-
vey. Int J STD AIDS 2019; 31:095646241987927.
Sanchez-Buso6 L, Golparian D, Corander J, Grad YH,
Ohnishi M, Flemming R, et al. The impact of antimi-
crobials on gonococcal evolution. Nat Microbiol 2019;
4:1941-1950.

Tapsall JW. Antibiotic resistance in Neisseria gonor-
rhoeae. Clin Infect Dis 2005;41 Suppl 4:S263-S268.
Unemo M, Ballard R, Ison C, Lewis D, Ndowa F, Peel-
ing R. Laboratory diagnosis of sexually transmitted
infections, including human immunodeficiency virus.
Geneva: World Health Organization Document Produc-
tion Services, 2013. Available at: https:/apps.who.int/
iris/bitstream/handle/10665/85343/9789241505840
eng.pdf?sequence=1&isAllowed=y

Domeika M, Frankenberg A, Svetashov O, Kovalenko
J, Bojko I, Glushok O, et al. P2.022 Laboratory diagno-
sis of genital Neisseria gonorrhoeae infections in three
regions of Ukraine. Sex Transm Infect 2013; 89(Suppl
1):A94-A94.

Serra-Pladevall J, Caballero E, Roig G, Juvé R, Bar-
bera MJ, Andreu A. Comparison between conventional
culture and NAATs for the microbiological diagnosis
in gonococcal infection. Diagn Microbiol Infect Dis
2015; 83:341-343.

Barlow D. Culture of the gonococcus: a reliable gold
standard? Sex Transm Infect 2017; 93:178.

Glebova EE, Horachuk VV, Verba EA. Organization
of dermatovenerologic medical care: domestic reali-
ties and world practice (review of literature). Wiad Lek
2019;72:2187-2191.

Boiko I, Akimova V, Mazur L, Savchenko I, Kohut
I, Krynytska I. The clinico-epidemiological profile of
patients with gonorrhoea and challenges in the man-
agement of Neisseria gonorrhoeae infection in an
STI clinic, Ternopil, Ukraine (2013-2018). J Med Life
2020;13:75-81.

Jacobsson S, Boiko I, Golparian D, Blondeel K, Kiarie
J, Toskin I, et al. WHO laboratory validation of Xpert®
CT/NG and Xpert® TV on the GeneXpert system ver-
ifies high performances. APMIS 2018;126:907-912.
Boiko I, Golparian D, Krynytska I, Unemo M. High
prevalence of Chlamydia trachomatis, Neisseria gon-
orrhoeae and particularly Trichomonas vaginalis diag-
nosed using US FDA-approved Aptima molecular tests
and evaluation of conventional routine diagnostic tests
in Ternopil, Ukraine. APMIS 2019; 127:627-634.
Domeika M, Frankenberg A, Svetashov O, Kovalenko
J, Bojko I, Glushok O, et al. P2.022 Laboratory diagno-
sis of genital Neisseria gonorrhoeae infections in three
regions of Ukraine. Sex Transm Infect 2013; 89(Suppl

221



IRYNA BOIKO ET AL.

20.

21.

22.

222

1):A94-A94.

. Unemo M, Savicheva A, Budilovskaya O, Sokolovsky

E, Larsson M, Domeika M. Laboratory diagnosis of
Neisseria gonorrhoeae in St Petersburg, Russia: inven-
tory, performance characteristics and recommended
optimisations. Sex Transm Infect 2006; 82:41-44.

Cole MJ, Quaye N, Jacobsson S, Day M, Fagan E, Ison
C, et al. Ten years of external quality assessment (EQA)
of Neisseria gonorrhoeae antimicrobial susceptibility
testing in Europe elucidate high reliability of data.
BMC Infect Dis 2019; 19:281.

Olsen CC, Schwebke JR, Benjamin WH Jr, Beverly A,
Waites KB. Comparison of direct inoculation and Co-
pan transport systems for isolation of Neisseria gonor-
rhoeae from endocervical specimens. J Clin Microbiol
1999; 37:3583-3585.

Radebe F, Gumede L, Ricketts C, Vezi A, Maseko
V, Lewis DA. The evaluation and comparison of two

23.

24.

25.

IRAN. J. MICROBIOL. Volume 12 Number 3 (June 2020) 216-222

transport media for the growth, holding and transport
of Neisseria gonorrhoeae. Int J Med Biomed Sci 2014;
2:39-45.

Serra-Pladevall J, Gulin Blanco C, Vila Olmo N, Ar-
jona Camacho P, Andreu Domingo A. Preservation of
Neisseria gonorrhoeae: should swabs be refrigerated
or not?: Neisseria gonorrhoeae preservation. J Micro-
biol Methods 2017;145:37-39.

Farhat SE, Thibault M, Devlin R. Efficacy of a swab
transport system in maintaining viability of Neisseria
gonorrhoeae and Streptococcus pneumoniae. J Clin
Microbiol 2001; 39:2958-2960.

Boiko I, Golparian D, Krynytska I, Bezkorovaina H,
Frankenberg A, Onuchyna M, et al. Antimicrobial sus-
ceptibility of Neisseria gonorrhoeae isolates and treat-
ment of gonorrhoea patients in Ternopil and Dniprop-
etrovsk regions of Ukraine, 2013-2018. APMIS 2019;
127:503-509.

http://ijm.tums.ac.ir



