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Purpose: We analyzed the database from the Korean National Infectious Diseases Surveillance to reveal clinical characteris-
tics of co-infection with Neisseria gonorrhoeae (NG) and Chlamydia trachomatis (CT).

Materials and Methods: Eligible cases included a single NG infection (male/female) for 6,421 (4,975/1,446), a single CT in-
fection for 20,436 (6,107/14,329), and co-infection for 498 (233/265) between 2011 and 2015.

Results: Cases of NG and CT have increased for 5 years; the proportion of co-infected male has increased continuously and
was positively correlated with that of CT infections. But the proportion of co-infected female was positively correlated with
that of NG infections, following an expanded wavelike-pattern. Generally, people with co-infection was younger than either
infection alone (p=0.001). But the characteristics of co-infection revealed sex-specific differences. While the co-infected fe-
males were younger than females in NG (p=0.001) or CT group (p=0.001), the co-infected males were younger than males in
CT (p=0.001) only, not males in the NG group (p=0.394). Amongst males, 4.47% with NG had CT infection, while in female
15.49% with NG had CT (p=0.001). In contrast, in male 3.68% with CT infection had NG infection and in female 1.82% of
CT had NG (p=0.001). Young people in both sexes have increased risks of co-infection bi-directionally (all p=0.001), except
males with NG that were also co-infected with CT (p=0.642).

Conclusions: The sex-specific findings in co-infection may improve understanding of gender-specific characteristics in NG
and CT infections. Co-infected people are increasing for 5 years. Therefore, we must consider long-term complication of the
co-infected people.
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INTRODUCTION (CT) induce genito-urinary infections [1,2]. To control

spreading of NG and CT infections, unbiased studies in

Sexually transmitted infections (STIs) have serious epidemiology and clinical characteristics must be ap-
impacts on quality of human life. Of many STIs, Neis- propriately conducted [3].

seria gonorrhoeae (NG) and Chlamydia trachomatis Previous epidemiology studies on NG and CT infec-
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tions reported a wide range of results from different
clinical settings and patient groups [1,2]. In addition,
as most clinical studies for co-infection, either NG co-
infected with CT or CT co-infected with NG, are usu-
ally performed in selected patient groups, many biases
are to be generalized. Indeed, the proportion of NG co-
infection with CT in the literature varies considerably,
from less than 4% up to more than 60% [4-8].

Characteristics of co-infection have been mostly
studied in cases of NG co-infected CT [4,5,7]. In con-
trast, studies for CT co-infected with NG or bilateral
co-infected cases are rarely reported to characterize
their bi-directional clinical significance [6]. As far as
we understand, no data have been published about the
epidemiology of NG, CT, and bilateral co-infections in a
large Korean population database.

Such combination of STIs may increase the suscep-
tibility to long-term complications and transmissibility
than each individual case. Stupiansky et al [9] revealed
that NG shedding was higher in women with con-
current CT infection than in those infected with NG
alone. Nsuami et al [10] reported that symptoms related
to STIs are reported more frequently by co-infected
students than those with a single infection case. In ad-
dition, concurrent NG infection may reactivate latent
CT infections [11]. These reports are also supported by
Vonck et al [12], who showed that NG colonization was
significantly higher in infected female mice with pre-
existing infection of Chlamydia muridarum, the mu-
rine strain of chlamydia.

This study aims to characterize the co-infection of
NG and CT from the database of the National Infec-
tious Diseases Surveillance of Korea (NIDS) of the
Korea Centers for Disease Control and Prevention (K-
CDC). In order to do this, we categorized a single NG, a
single CT, and their co-infection from the NIDS data-
base from 2011 to 2015, and examined their trends dur-
ing the periods. Finally, we calculated the proportions
of either NG co-infected with CT or CT co-infected
with NG, and estimated specific subpopulations at the
risk of co-infection.

MATERALS AND METHODS

1. Sentinel sites and their reports to the
Korean National Infectious Diseases

Surveillance of Korea
Approximately 500 medical facilities and public
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health centers (PHC) in Korea were appointed as senti-
nel sites for STIs surveillance. The number of sentinel
sites depended on the size of regional population, but
regions with less than 100,000 people have at least one
sentinel site as an integral post for STI surveillance in
the lower population density areas.

The medical providers in the sentinel sites were to
report cases of NG and CT within 7 days after the di-
agnosis. In these reports, information such as patient’s
sex, age, day of diagnosis, name of STIs, whether NG
were confirmed with guaranteed laboratory tests or
symptomatic diagnosis, and the names of co-infection
were also included (Supplement 1) [13-15]. Confirmed
diagnostic methods for NG infections included culture,
antigen detection, gram staining, and nucleic acid am-
plification test (NAAT), while methods for CT infec-
tions included culture, antigen detection, and NAAT.

2. Definition of co-infection from the National
Infectious Diseases Surveillance of Korea

dataset

We obtained the reported cases of NG and CT from
the NIDS dataset of Korea (http://www.cdc.gokr/npt/
biz/npp/iss/stisStatisticsMain.do) between January 1,
2011 and December 31, 2015. If the individual cases of
NG or CT with identical sex and age were coincidently
diagnosed on the same day at the same clinic, reported
both infections to regional PHCs for review on a single
day, and also deposited the reviewed data in the Kore-
an NIDS database on a single day, such case of NG and
CT was assumed to be from a single person, suggesting
co-infection.

The reported cases of NG and CT in the NIDS data-
base of the K-CDC during the five years were primar-
ily categorized by the day of diagnosis, followed by the
age parameter, and lastly by the sex parameter in a
single clinic. Finally, we merged the datasets of NG
and CT infections. Between these periods, 9,064 cases
were reported as NG infection, and 20,954 cases as CT
infection. We removed 2,125 NG cases because they
were reported as suspected NG patients based on their
clinical symptoms, not by the specified diagnostic tests
mentioned previously. We also removed 20 cases from
each NG and CT infection group that overlap in age
and sex on the same day of diagnosis in the same clinic
(Fig. 1, Supplement 2).



The World Journal of

MEN’s HEALTH Yumi Seo, et al: Co-Infection with Gonococcus and Chlamydia I

3. Statistical analysis no difference were rejected if p-values were less than
We used analysis of variance (ANOVA) to evaluate 0.05. All analyses were performed using IBM SPSS for

the difference in the ordinal scores among the NG, CT, Windows ver. 23 (IBM Corp., Armonk, NY, USA).

and co-infection. The Tukey’s test was used as a post-

hoc test. Pearson chi-square test was used to evaluate 4, Ethics statement

the difference in categorical data. Odds ratios (OR) and This study did not require approval from the Institution-

95% confidence intervals (CI) were estimated with lo- al Review Board because the dataset did not contain any

gistic regression analysis. Two-sided null hypotheses of personal information that may discern personal identity.

Symptomatical diagnosis

of NG infection® (suspected cases) Overlapping in age and sex on the same diagnostic day

of NG-CT infection’; 20 cases of NG

; 2,125 cases N
Reported cases of NG . Confirmed cases of . NG infection NG, CT and co-infected cases
infection; 9,064 T NGinfection: 6,939 > 6,919cases [ O_n][y '\tl_G Male: 4.975 cases by sentinel health facilities
intection; - for STl surveillance in Korea
6.421 cases Female: 1,446 cases
v - Primary clinics; 13,288 cases
NG-CT Male: 9,928/Female: 3,360
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498 cases ’ 7
4 - Regional health centers;
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Overlapping in age and sex on the same diagnostic day
of NG-CT infection”; 20 cases of CT
Fig. 1. Flow chart of the study. NG: Neisseria gonorrhoeae, CT: Chlamydia trachomatis, NG-CT: Neisseria gonorrhoeae and Chlamydia tracho-
matis co-infection. “Two types of gonococcal infections, confirmed and suspected cases, are reported through the Korean Sentinel Surveillance
System for sexually transmitted Infections (STIs). The suspected cases are defined as symptomatic persons that were not confirmed with specific
laboratory tests. "We removed 20 cases from each NG and CT infection group that overlap in age and sex parameters on the same day of diagnosis.

Province Insitution® Primary” Hospital®  Public’ Total
) Code Name (n)"  cases (n)° cases (n)’ cases (n)° cases (n)’
\ 1 Seoul city 90 4419 988 675 6082
J 2 Busan city 23 185 343 554 1082
\ 3 Daegu city " 3 167 80 250
4 Incheon city 26 633 322 827 1782
| 5  Gwangju city 7 278 24 577 879
) 6 Daejeon city 13 945 0 175 1120
7 Ulsan city 13 743 114 144 1001
/ 8 Gyeonggi-do 116 3891 2239 1584 7714
{ 9 Gangwon-do 22 489 6 1199 1694
» 10  Chungcheongbuk-do " 337 9 722 1068
11 Chungcheongnam-do 7 12 193 1 306
12 Jeollabuk-do 12 415 1 86 502
13 Jeollanam-do 7 25 54 458 537
14  Gyeongsangbuk-do 20 312 35 187 534
15  Gyeongsangnam-do 25 4411 27 2221 2689
16 Jeju-do 6 1 6 48 55
17  Sejong city 2 59 0 1 60

Fig. 2. Location and number of the health facilities that participate in the Korean Sentinel Surveillance System for sexually transmitted infections
(STI), and their reported cases of gonorrhea, chlamydia, and co-infection. “There are 3 sentinel types of health institutions in Korea; medical doc-
tor’s office for primary health care, hospitals, and public health centers. °Primary health cares are usually performed in doctor’s offices where one
or more doctors provide medical services to patients. The doctor for primary health care usually acts as the first point of consultation for all pa-
tients. Male STI patients usually visit the primary health care centers or walk-in clinics. ‘Hospitals as a secondary care system usually provide the
STl related services or antenatal cares. *Public health centers provide health care interventions outside the formal health facilities. °No, reported
numbers of gonorrhea, chlamydia, and co-infections.
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RESULTS

1. Locations and numbers of the health
facilities that reported the Chlamydia
trachomatis and Neisseria gonorrhoeae
infections to the National Infectious
Diseases Surveillance of Korea

A total of 411 nationwide sentinel sites from the 500
appointed facilities reported one or more cases of CT or

NG infections (Fig. 2).

2. Eligible cases for a single Neisseria
gonorrhoeae, a single Chlamydia
trachomatis, and co-infection from the
National Infectious Diseases Surveillance
of Korea dataset

There were 6,421 cases of NG infection, 20,436 cases
of CT infection, and 498 cases of co-infection (Fig. 1). Of
these reports, 13,288 cases were reported from primary
clinics, 4,528 cases were reported from hospitals, and

9,539 cases from PHCs (Fig. 1).

3. Trend of reported cases in Neisseria
gonorrhoeae and Chlamydia trachomatis
infections during the 5-year study period

The reported cases of NG and CT infections increased
each year during the five-year period. Especially, the

The World Journal of

MEN's HEALTH

number of infected cases had increased dramatically
in 2015 compared to any previous year (Table 1, Fig.
3). Average ages from 2011 to 2015 were significantly
different in both sexes (p=0.001 for male and p=0.009)

Table 1. The number and average age of reported gonorrhea, chla-
mydia, and co-infected cases from the Korean Surveillance System for
sexually transmitted infections between 2011 and 2015, by sex

Sex  Diagnosedyear  Case Mean age (y)

Male 2011 1,579 32.75(32.26-33.23)
2012 1,813 33.50(33.04-33.96)
2013 1,892 32.87(32.45-33.29)
2014 2,255 33.99 (33.55-34.42)
2015 3,776 33.38(33.05-33.71)
Total 11,315 33.35(33.16-33.53)

Female 201 2,748 31.08 (30.74-31.42)
2012 2,752 30.96 (30.62-31.296)
2013 2,877 31.62 (31.28-31.96)
2014 2,971 31.60 (31.25-31.95)
2015 4,692 31.60 (31.299-31.89)
Total 16,040 31.40 (31.25-31.55)

All 2011 4,327 31.69 (31.41-31.97)
2012 4,565 31.97 (31.69-32.24)
2013 4,769 32.12(31.85-32.38)
2014 5,226 32.63(32.35-32.91)
2015 8,468 32.39(32.17-32.61)
Total 27,355 32.21(32.09-32.32)

Values are presented as number only or mean (95% confidence interval).

351
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o 3.01
7]
8
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2
8 2 0 - ~
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00 T T T T T 1
2011 2012 2013 2014 2015

Male

NG (n) 878 (55.6%) 838 (46.2%) 854 (45.1%) 993 (44.0%) 1,412 (37.4%)
CT (n) 670 (42.4%) 954 (52.6%) 1,014 (53.6%) 1,226 (54.4%) 2,243 (59.4%)
C_ombiped

infections (n) 31 (2.0%) 21 (1.2%) 24 (1.3%) 36 (1.6%) 121 (3.2%) Fig. 3. Since 2013, the proportion of co-
Female infected cases was increasing (upper)
NG (n) 270 (9.8%) 233 (8.5%) 229 (8.0%) 280 (9.4%) 434 (9.3%) and ratios of Neisseria gonorrhoeae
CT (n) 2,441 (88.8%) 2,483 (90.2%) 2,619 (91.0%) 2,618 (88.1%) 4,168 (88.8%) (NG), Chlamydia trachomatis (CT), and
Combined co-infected cases between 2011 to 2015

infections (n) 37 (1.4%) 36 (1.3%) 29 (1.0%) 73 (2.5%) 90 (1.9%)

(lower).
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(ANOVA; Table 1). Although the average age of male
patients in 2014 was significantly different from the
average age of male in 2011 (p=0.002) and 2013 (p=0.004),
the average age of male in 2015 was not significantly
different when compared to the entire four year period
(all p>0.05) (post-hoc test; Table 1). In female, we found
that the average age of patients in 2015 showed a mar-
ginal difference from the average age in 2012 (p=0.047)
(post-hoc test; Table 1).

4. Changes of proportions of Neisseria
gonorrhoeae, Chlamydia trachomatis, and
co-infection from 2011 to 2015

Since 2013, the proportion of co-infected patients had
been increasing. The proportion of co-infected males
had increased steadily from 2012 to 2014 and surged
up from 2014 to 2015. Among females, the proportion
of co-infection showed an expanded wavelike-pattern.

The pattern of the changes in proportion of co-infected

male was positively associated with that of a single CT

infection, while the proportion of co-infected female
was positively associated with that of a single NG in-

fection (Fig. 3).

5. Average ages among Neisseria gonorrhoeae,
Chlamydia trachomatis and co-infected
cases

Fig. 4 shows that the mean ages and standard
deviations of the reported case of NG, CT, and co-
infection were 32.18+10.29, 32.28+9.34, and 29.46+9.46
year-old in both sexes (p=0.001; ANOVA); 32.23+10.12,
34.33+10.00, and 31.36+£9.54 year-old in males (p=0.001),

p=0.001
VR -
p=0.783 p=0.001

33 4 f

32- T
31 -
30 T
29 - 1

28

Mean and standard deviation
of age (y)

27 T T 1
NG CT NG+CT
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and 32.02+10.85, 31.41+9.49, and 27.78+9.08 year-old
in females (p=0.001), respectively. For NG infections,
the differences between the average ages of male
and female patients were not statistically significant
(p=0.494), while significant differences was observed
between male and female patients of CT (p=0.001), and
co-infection (p=0.001). Although the average age of co-
infected females was younger than that of individual
infections (p=0.001 for all comparisons), age distribu-
tion in the co-infected males was different from the
average age in CT infected cases (p=0.001), but not in
NG cases (p=0.394) (Fig. 4).

6. Changes of either Neisseria gonorrhoeae
(NG) co-infected with Chlamydia
trachomatis (CT) or CT co-infected with
NG during the 5-year study period and
their characteristics between two sexes

From 2012 to 2015, the proportion of males in either

NG co-infected with CT or CT co-infected with NG

groups were increasing in a stepwise pattern (p<0.0001)

(Table 2). Among females, the proportion of either NG

co-infected with CT and CT co-infected with NG had

reached peaks in 2014 and decreased in 2015 (Table 2).

Overall, 447% (95% CI, 391% to 5.03%) of males and

15.49% (95% CI, 13.78% to 17.20%) of females with NG

also had CT (p=0.001), and 3.68% (95% CI, 3.22% to

4.14%) of males and 1.82% (95% CI, 1.60% to 2.04%) of

females with CT also had NG (p=0.001). Age was a uni-

versal risk factor for co-infected females; the risk of co-
infection decreased with older age in females of both

NG co-infected with CT (p=0.0001) or CT co-infected

Diseases Reported cases Mean age (y)
(n) (95% confidence interval)
Male
Gonorrhea 4,975 32.23 (31.95-32.51)
Chlamydia 6,107 34.33 (34.08-34.58)
Combined infections 233 31.36 (30.13-32.58)
All 11,315 33.35(33.16-33.53)
Female
Gonorrhea 1,446 32.02 (31.46-32.58)
Chlamydia 14,329 31.41 (31.25-31.56)
Combined infections 265 27.78 (26.69-28.88)
All 16,040 31.40 (31.25-31.55)

Fig. 4. Mean ages and standard deviations of the total reported case of Neisseria gonorrhoeae (NG), and Chlamydia trachomatis (CT), and co-
infection (NG+CT) were 32.18+10.29, 32.28+9.34, and 29.46+9.46 year (left). NG+CT and their mean ages between male and female (right). The

p-value estimated using ANOVA.

www.wjmh.org 111
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Table 2. Changes of either NG co-infected CT or CT co-infected with NG during the 5-year study period

Variable Year in f::t-ion inl::elc’:i?)n NG co-infected with CT (%)  p-value in:’\eIL::iTc;n cr co-lnfe(co;)e)d RELEE p-value
Male 2011 31 909 3.41(2.23-4.59) <0.0001 701 442 (2.90-5.94) 0.46
2012 21 859 244 (1.41-3.47) <0.0001 975 2.15(1.24-3.06) 0.0001
2013 24 878 2.73(1.65-3.81) <0.0001 1,038 2.31(1.40-3.22) 0.0002
2014 36 1,029 3.50(2.38-4.62) <0.0001 1,262 2.85(1.93-3.77) 0.001
2015 121 1,533 7.89 (6.54-9.24) Ref. 2,364 5.12 (4.23-6.01) Ref.
All 233 5,208 447 (3.91-5.03) 6,340 3.68 (3.22-4.14)
Female 2011 37 307 12.05 (8.41-15.69) 0.05 2,478 1.49(1.01-1.97) 0.07
2012 36 269 13.38(9.31-17.45) 0.17 2,519 1.43(0.97-1.89) 0.04
2013 29 258 11.24 (7.39-15.09) 0.03 2,648 1.10 (0.70-1.50) 0.002
2014 73 353 20.68 (16.45-24.91) 0.19 2,691 2.71(2.10-3.32) 0.11
2015 90 524 17.18 (13.95-20.41) Ref. 4,258 2.11(1.68-2.54) Ref.
All 265 1,711 15.49 (13.78-17.20) 14,594 1.82 (1.60-2.04)

Values are presented as number only or odds ratio (95% confidence interval).

NG: Neisseria gonorrhoeae, CT: Chlamydia trachomatis, Ref.. reference.

Table 3. Age factor for co-infection of NG and CT and their 95% Cl of person with NG who also had CT and person with CT who also had NG

Variable Age (y) Co-infection NG co-infected with CT (%)  p-value All CT infection (%) p-value

Male <25 61 4.76 (3.59-5.93) Ref. 1,049 (4.40-7.24) Ref.
25-55 168 4.43 (3.78-5.08) 0.62 5,090 (2.81-3.79) <0.0001
>55 4 3.05 (0.10-6.00) 0.37 201 (0.06-3.92) 0.03
All 233 447 (3.91-5.03) 6,340 (3.22-4.14)
Probability (p-value) 0.642

Female <25 118 22.56 (18.98-26.14) Ref. 3,914 (2.47-3.55) Ref.
25-55 145 12.79 (10.85-14.73) <0.0001 10,436 (1.17-1.61) <0.0001
>55 2 3.70(-1.34-8.74) 0.001 244 (-0.31-1.95) 0.05
All 265 15.49 (13.78-17.20) 14,594 (1.60-2.04)
Probability (p-value) 0.001

Values are presented as number only or odds ratio (95% Cl).

NG: Neisseria gonorrhoeae, CT: Chlamydia trachomatis, Cl: confidence interval, Ref.: reference.

with NG (p=0.0001). Although CT infected males un-
der 25 years of age had increased risk of NG infection
than other ages (p=0.001), males with NG infection was
not found to have age-associated risk of co-infection
(p=0.642) (Table 3).

DISCUSSION

The considerable variations of co-infection in lit-
eratures are likely because these studies have been
performed in clinical settings with small number of se-
lected patients [4-8]. Therefore, to reduce this variation
we analyzed the NIDS dataset in Korea.

Recent updates in clinical practice may have influ-
enced on epidemiology of STIs in Korea [13,15,16], and

112 www.wjmh.org

have thus motivated us to design this study.

First of all, in 2011 the K-CDC updated its surveil-
lance system of STIs by removing non-gonococcal infec-
tions from the previous list, while also broadening the
report form from two (confirmed and suspicious infec-
tion) to three categories (confirmed, suspicious and car-
riers) [13,15]. This revision reflects the recent changes
in the diagnostic field of micro-organisms. To follow
the new regulation, almost all of the reported NG and
CT infections to the NIDS through primary clinics
and hospitals were to be diagnosed through multiplex-
NAAT methods. Practically, the diagnostic practices for
the infections through culturing NG and CT have not
been routinely performed in Korean clinics. In addi-
tion, only a negligible number of CT infected cases are
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reported by PHCs by some antigen detection methods
in small-sized rural regions in Korea (We sent e-mails
to all PHCs to survey the currently employed methods
for both infections, and to estimate the numbers of
infections) [15]. Accordingly, we confirmed that the re-
ported cases of NG and CT infections from the sentinel
sites were mainly by multiplex NAAT assays.

Another change to the STI guideline was that un-
complicated NG are now to be treated with a com-
bination therapy [16]. The proportion of reported co-
infection in previous literatures varied from less than
4% up to more than 60% [4-6]. If more than 60% NG
infected persons are in fact co-infected, the mandatory
combination with anti-chlamydial regimen may reduce
chlamydial prevalence in near future. In contrast, if
co-infected cases are less than 4% of the NG infected
cases, the effect of combination therapy on chlamydial
prevalence would be marginal in future. Our result
showed that the proportions of NG co-infected with
CT was only 447% in male (Table 2). Because of small
numbers of co-infection in males, the mandatory com-
bination therapy did not reduce CT infections in 2013,
2014, and 2015 based on our data analysis.

Thirdly, clinical practices with multiplex NAATSs for
the diagnosis of STIs was enlisted on the Korean Na-
tional Medical Insurance since January 1, 2015. Accord-
ingly, NG or CT infected cases have been detected more
frequently than the previous years. Our results showed
that the reported cases of NG or CT infection in 2015
have increased abruptly from the previous years (Table
1, Fig. 3). Interestingly, while the number of reported
cases increased dramatically, we could not find any
statistical difference in patients’ age between 2014 and
2015 (Table 1). This suggests that the increased number
of reports on NG and CT infections in 2015 may be due
to the increased application of multiplex NAATS.

As the reported data in the NIDS on NG and CT in-
fections does not contain detailed personal information
of each individual case, we could not identify the co-
infected cases based on personal information [13] (Sup-
plement 1). Therefore, we hypothesized that because
reported cases of NG and CT from sentinel sites are
mainly based on the results of multiplex NAAT assays,
co-infected cases should be considered only if individu-
al cases of NG or CT infections with identical sex and
age are coincidently diagnosed on the same day at the
same clinic. Nevertheless, if more than two cases of the
hypothetically defined co-infection were found within

Yumi Seo, et al: Co-Infection with Gonococcus and Chlamydia I

the merged dataset, it would be difficult to distinguish
such cases. Therefore, we identified multiple overlap-
ping cases of matching age-sex-diagnosed date from 11
medical institutions (Supplement 2) and removed 20
overlapping cases of each NG and CT infection (Fig.
1, Supplement 2). In addition, we also considered the
scenario in which the matched case of sex-age-date of
diagnosis from the same medical institution does not
actually identify a single patient but rather a combi-
nation of multiple patients by chance. To estimate such
accidental occurrence, we reviewed the numbers of re-
ported NG cases age by age and institution by institu-
tion during the 5-year study period. We found that the
total numbers of reported NG cases did not exceed 30
patients by each age group over 1,825 days or 5 years
in all individual institutions (Supplement 3). In other
words, the probability of NG diagnosis from a single
medical facility was smaller than 30/1,825 per day for
each age group. This number gets smaller if we include
sex parameter, suggesting that the probability of acci-
dently matched cases are rare. Therefore, we concluded
that it is highly unlikely that such scenarios would
influence the statistical significance.

The proportion in males of either NG co-infected
with CT or CT co-infected with NG reached peak in
2015, while in female the proportion peaked in 2014
and slightly decreased in 2015 (Table 2). The increasing
pattern of co-infection in male and an expanding wave-
like pattern in female suggest that the proportion
of co-infection among the population are increasing
among the two sexes, albeit with different patterns (Fig.
3). Reasons for these differences are not well under-
stood, but natural history and immunobiology between
two infections may account for the differences [1,2,17].
In near future, we would examine the influential fac-
tors that affect the differences between the sexes.

Our nationwide study showed that the proportions
of co-infection in both sexes were lower than what was
initially perceived. Furthermore, our data would con-
solidate the general belief that the rates of co-infection
decreased with age. The highest age-specific rates of
reported cases of CT and NG infections in USA were
among those aged 20 to 24 years. Yet, surveillance data
in the NIDS database of K-CDC showed that those
aged 25 to 39 years had the highest rates of both NG
and CT infections among the reported cases [16]. We
verified the NIDS data from sentinel sites with the
data from the Health Insurance Review & Assessment
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Serve (HIRA) of Korea. We found that the trends and
patterns in sex and age parameters of NG and CT
patients were very similar between the dataset from
NIDS and the HIRA from 2011 to 2015 [15]. Therefore,
the lower proportion of co-infections in this study may
be derived from the relatively older age of NG and CT
infections found in the Korean population compared to
the Americans and averaging effects in patients’ char-
acteristics in the nationwide dataset.

According to our results, female patients with NG
infections are 4 times more likely to be exposed to con-
current CT infection than male patients (Table 3). This
relationship is consistently found in other literatures
and therefore justifies the policy of administering
combined antibiotic therapy [2,4,5,16,18]. However, the
opposite scenario in which CT infected patients are
evaluated for NG co-infection is less well defined. Our
results showed that only 3.68% of males and 1.82% of
females with CT infections also had NG. Therefore,
people with NG infections have higher risk for co-
infection than persons with CT infections (Table 2).

Adolescents are associated with higher incidences of
NG and CT infections [1,2,17,19], and they have higher
rates of co-infection when compared to individuals in
older age groups [4,5,10]. Our results were also similar,
with co-infection being commonly found in younger fe-
male population. Specifically, the risk of co-infection in
female when NG was detected was attenuated by older
age (one year OR, 0.957; 95% CI, 0.943-0.971; p=0.001).
Similarly, the risk of co-infection in female when CT
is detected was also correlated with age (one year OR,
0.952; 95% CI, 0.937—0.967; p=0.001). In addition, the risk
of co-infection in male when CT is detected was sig-
nificantly decreased with older age (one year OR, 0.967;
95% CI, 0.953-0.981; p=0.001). However, males with NG
infection was not affected with age, as their risk of co-
infection was relatively steady regardless of age (one
year OR, 0.991; 95% CI, 0.978-1.005; p=0.195) (Table 3).

It is unclear if screening tests for NG and CT in-
fections in males would be of additional benefit over
screening females. However, we revealed some ominous
findings in STIs in Korean males. Therefore, we must
watch the trends of STIs in Korean males, as well as in
females.

CONCLUSIONS

Our study report that both NG and CT cases have

114 www.wjmh.org

The World Journal of

MEN's HEALTH

increased and the proportion of their co-infection has
also increased over the 5-year study period. The aver-
age age of the co-infection group was younger than
either infection alone. Nevertheless, characteristics of
co-infection in each sex were not always consistent.
When we consider that co-infection is frequently found
in younger ages, we must take account of long-term
complications of young people and easy transmission to
sexual partners.
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