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Men and Women Have an Equal Oropharyngeal and 
Anorectal Chlamydia trachomatis Bacterial Load: 
A Comparison of 3 Anatomic Sites
Juliën N. A. P. Wijers,1,2,  Nicole H. T. M. Dukers-Muijrers,1,2 Geneviève A. F. S. van Liere,1,2 Jeanne A. M. C. Dirks,1 Petra F. G. Wolffs,1 and  
Christian J. P. A. Hoebe1,2,

1Department of Social Medicine and Medical Microbiology, Care and Public Health Research Institute Maastricht University Medical Center, Maastricht, the Netherlands, and 2Department of 
Sexual Health, Infectious Diseases, and Environmental Health, South Limburg Public Health Service, Heerlen, the Netherlands

Background.  The Chlamydia trachomatis bacterial load could have impact on transmission and sequelae. This is the first study 
providing comparison of C. trachomatis load at 3 anatomic sites estimated by cycle quantification (Cq) values.

Methods.  Data from 7900 C. trachomatis-positive samples were included (2012–2018). Cq value was used as an inversely pro-
portional measure for C. trachomatis load. Multivariable linear regression analyses assessed differences in mean Cq values.

Results.  Vaginal swabs had the lowest Cq values (31.0) followed by urine (32.5), anorectal swabs (34.0), and oropharyngeal 
swabs (36.8) (P < .001). Men and women had similar oropharyngeal (36.4 vs 37.3; P = .13) and anorectal (34.2 vs 33.9; P = .19) 
Cq values. Men (32.2) and women (30.7) aged <25 years had lower urogenital Cq values than men (32.8) and women (31.9) aged 
≥25 years (P < .001). HIV-positive patients had higher urogenital Cq values than HIV-negative patients (33.8 vs 32.6; P < .03).

Conclusions.  Men and women have a similar C.  trachomatis load at extragenital locations arguing for similar transmission 
potential and clinical relevance. Older patients and HIV-coinfected patients had lower C. trachomatis load, suggesting exposure to 
previous C. trachomatis infections potentially leading to partial immunity reducing load.

Keywords.   Chlamydia; bacterial load; urogenital; anorectal; oropharyngeal; extragenital.

Chlamydia trachomatis is the most reported bacterial sexu-
ally transmitted infection (STI) worldwide [1]. C.  trachomatis 
is associated with reproductive sequelae in women, such as 
pelvic inflammatory disease, ectopic pregnancy, infertility, and 
chronic lower abdominal pain [2].

The C. trachomatis bacterial load, frequently expressed as the 
number of bacteria/mL, could potentially affect transmission of 
the disease and sequelae [3, 4]. Currently, it is not clear what 
determines a high C.  trachomatis load in a patient. Although 
symptoms may be associated with a higher C. trachomatis load, 
studies to date show a weak association [3, 5, 6]. According to 
a systematic review, only a few nucleic acid amplification test 
(NAAT)-based studies on associations with C.  trachomatis 
load have been conducted [3, 5, 7–10]. Sample sizes of these 
studies were small and most studies had a small number of cases 
within categories of independent determinants [3, 5, 7–10]. The 

assessment of determinants for a high C. trachomatis load could 
be relevant. For example, viral STIs like human immunodefi-
ciency virus (HIV) and herpes simplex virus have shown in-
creased transmission potential with higher viral load [3]. Likely 
the transmission potential of C. trachomatis is also dependent 
on C. trachomatis load [3].

Extragenital infections, mainly anorectal infections, are 
common among men who have sex with men (MSM) and 
women [11]. Several studies have assessed the C.  trachomatis 
load of different anatomic locations and sample types [3, 5, 
7, 12, 13]. However, those studies used different methods to 
quantify and report C. trachomatis load making them less com-
parable. Therefore, standardization of C. trachomatis load meas-
urements is needed [14]. In the current study, we compared the 
C.  trachomatis load of all relevant urogenital and extragenital 
sites using the same methods.

Coinfections with Neisseria gonorrhoeae are prevalent 
among C.  trachomatis-positive high-risk individuals such as 
MSM, young people (aged <25 years), and some ethnic groups, 
and these coinfections might influence C.  trachomatis load 
[15–17]. According to a systematic review, only 6 studies to 
date have assessed the association between coinfections and 
C.  trachomatis load [3]. One such study observed a higher 
anorectal C.  trachomatis load among C.  trachomatis-positive 
men coinfected with anorectal N.  gonorrhoeae compared to 
anorectal N.  gonorrhoeae-negative men [18]. Another study 

applyparastyle “fig//caption/p[1]” parastyle “FigCapt”

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/223/9/1582/5678512 by U

niversiteit M
aastricht user on 08 February 2022

mailto:julien.wijers@ggdzl.nl?subject=
http://orcid.org/0000-0003-3772-6414
http://orcid.org/0000-0003-1815-0974


Genital and Extragenital Chlamydia Load  •  jid  2021:223  (1 May)  •  1583

suggested a lower urogenital C. trachomatis load among women 
concurrently infected with C. trachomatis and N. gonorrhoeae; 
however, this was not statistically significant (P  =  .06) [19]. 
Associations between C. trachomatis load and coinfections with 
other STIs like HIV and syphilis were not observed and this is 
still unclear due to lack of research evidences [3, 12, 18, 20]. 
Nevertheless, coinfection with other STIs might have impact on 
acquiring and transmitting C. trachomatis.

To our knowledge, this is the first study to date providing 
a comparison of C.  trachomatis load of all anatomic sites in 
both men and women estimated by cycle quantification (Cq) 
values. Our objectives were to assess whether different sample 
types have a different C.  trachomatis load and whether age 
and coinfection with N.  gonorrhoeae, HIV, or syphilis were 
associated.

METHODS

Study Population

Data of C. trachomatis-positive patients (aged ≥16 years) from 
January 2012 to June 2018 were used in this cross-sectional 
study. Data derived from 7224 consultations (with 1 or more 
C.  trachomatis-positive samples available) originating from 
6170 C. trachomatis-positive patients (from a total of n = 62 306 
C.  trachomatis test consultations; 11.6% C.  trachomatis posi-
tive) were obtained from the laboratory registry of the Medical 
Microbiology Laboratory of Maastricht University Medical 
Center. All samples were tested for C. trachomatis with the same 
NAAT for both plasmid and chromosomal DNA (Cobas 4800, 
Roche Diagnostics), as per the manufacturer’s protocol [21]. We 
used the NAAT-derived Cq value as a proxy for C. trachomatis 

load. The Cq value reflects the number of amplification cycles 
that occur before a positive C.  trachomatis signal is detected. 
Thus Cq values show inverse relationships, that is a low Cq 
value indicated a high load and vice versa [22–24].

Patients were tested by taking samples from different anatomic 
locations (urogenital, anorectal, and oropharyngeal) according 
to testing guidelines and indications [25]. The study included 
data from all C. trachomatis-positive samples for which the Cq 
value could be retrieved (99.2%; 7900/7965; Figure 1). For men, 
data from first void urine samples (further referred to as urine 
samples) and urethral swabs were available. Mean Cq values 
from urine samples (n  =  2601, mean  =  32.49 [SD  3.18]) and 
urethral swabs (n = 10, mean = 33.47 [SD 4.89]) were similar 
(P = .54), therefore urethral swabs of men were excluded from 
the analysis. For women, urogenital data were available from 
urine samples, vaginal swabs, and cervical swabs. The mean Cq 
values from vaginal swabs (n = 3273, mean = 31.00 [SD 3.72]) 
and cervical swabs (n = 147, mean = 30.49 [SD 3.94]) were com-
parable in women (P = .11), therefore values for cervical swabs 
were excluded from the analysis.

Cycle Quantification Validation for C. trachomatis Load

In order to ensure that the Cq value can indeed be used as a 
proxy for C.  trachomatis load in the different sample types, 
we compared the Cq values obtained from the Cobas system 
with previously determined quantitative in-house polymerase 
chain reaction (PCR) [12, 21, 26]. Absolute C. trachomatis load 
values (bacteria/mL) were available from a subset of the clin-
ical STI clinic population: 129 urine samples and 69 anorectal 
swabs from men, and 403 vaginal swabs and 101 anorectal 

Laboratory data 2012–2018 containing
Chlamydia trachomatis test consultations

(N = 62 306)

44.7% (n = 27 849) men
55.3% (n = 34 446) women
<0.1% (n = 11) unknown

11.6% (7224/62 306)
Chlamydia trachomatis 

positive consultations

Women: Men:
11.0% (3750/34 204) urogenital positive

10.7% (738/6889) anorectal positive
1.3% (57/4527) oropharyngeal positive

9.6% (2627/27 426) urogenital positive
7.0% (726/10 421) anorectal positive

0.6% (67/10 818) oropharyngeal positive

Cq values available for 99.0% (4501/4545) samples Cq values available for 99.4% (3399/3420) samples

3,3%
(147/4501)
cervix uteri

swabs

Excluded Excluded

75.9%
(3273/4501)
vaginal swabs

6.6%
(290/4501)

urine samples

1.3%
(57/4501)

oropharyngeal
swabs

16.2%
(734/4501)
anorectal

swabs

0.3%
(10/3399)

urethral swabs

76.5%
(2601/3399)
urine samples

2.0%
(67/3399)

oropharyngeal
swabs

21.2%
(721/3399)
anorectal

swabs

Figure 1.  Flowchart, including urogenital and extragenital Chlamydia trachomatis samples from men and women. Abbreviation: Cq, cycle quantification.
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samples from women. In brief, we quantified C.  trachomatis 
load by an in-house TaqMan real-time PCR to quantify 
C. trachomatis OmpA-gene copies/mL [21]. A full description 
of the C.  trachomatis load quantification has been described 
elsewhere [21].

For men, moderate correlation between Cq values of urine 
samples and urine C.  trachomatis load (Pearson r, −0.61; 
n = 129; P ≤ .001), and high correlation between Cq values of 
anorectal samples and anorectal C.  trachomatis load (Pearson 
r, −0.93; n  =  69; P  ≤  .001) were observed. For women, high 
correlation between Cq values of vaginal swabs and vaginal 
C. trachomatis load (Pearson r, −0.88; n = 403; P ≤ .001), and 
high correlation between Cq values of anorectal swabs and an-
orectal C. trachomatis load (Pearson r, −0.96; n = 101; P ≤ .001) 
were observed. In addition, Cobas Cq values are highly cor-
related (Pearson R2  >  0.98) with known concentrations of 
C. trachomatis (inclusion forming units/mL) (personal commu-
nication, B.  van der Veer, unpublished results). Therefore, we 
argue that Cq values are a valid proxy for C. trachomatis load in 
urogenital and extragenital samples used in this study.

Statistical Analyses

In the main analyses, the association between sample type and 
the outcome measure Cq values, as a proxy for C. trachomatis 
load, was assessed using univariable and multivariable linear 
regression analyses adjusting for sex and age (<25  years, 
≥25 years). Anorectal samples were used as the reference group.

In the secondary analyses, association of sex (women, 
men), age (<25  years, ≥25  years), urogenital N.  gonorrhoeae 
coinfection, anorectal N.  gonorrhoeae coinfection, oropha-
ryngeal N.  gonorrhoeae coinfection, HIV coinfection, and a 
positive syphilis screening test (Treponema pallidum hemagglu-
tination assay/T. pallidum particle agglutination assay [TPHA/
TPPA]) were assessed with the C. trachomatis load per sample 
type, that is vaginal swab, urine sample, oropharyngeal swab, 
and anorectal swab.

In the linear regression analyses, determinants with P < .05 
in the univariable model were included in the multivariable 
model. A P value of <.05 was considered statistically significant. 
Mean values, standard deviations, (adjusted) mean differences, 
and 95% confidence intervals (CI) were calculated. Mean differ-
ences represented the size of the associations found.

As Cq values represent values on a log scale, this is a less 
accessible and readily measure. To make it more accessible a 
“factor C. trachomatis load” that represents the number of times 
the C. trachomatis load was higher between studied groups was 
calculated for the statistically significant determinants using the 
formula: 2^(adjusted mean difference of Cq values). For ex-
ample, the adjusted mean difference of Cq values between vag-
inal swabs and anorectal swabs was −2.87 Cq. Therefore, factor 
load was 2^2.87  =  7.3. Thus, vaginal swabs have a 7.3-times 
higher C. trachomatis load compared to anorectal swabs.

All analyses were performed using SPSS Version 24 (IBM 
SPSS Statistics for Windows, IBM Corporation).

Ethical Clearance

The Medical Ethics Committee of the Maastricht University 
Medical Center (Maastricht, the Netherlands) approved this 
study (METC 2017-0251) and waived the need for patient con-
sent. Because the retrospective data originated from regular 
care and were analyzed anonymously, no further informed con-
sent for data analysis was obtained.

RESULTS

C. trachomatis Load Per Sample Type, Estimated by Cycle Quantification   

Values

In multivariable analyses, vaginal swabs (−2.87 Cq) and urine 
samples (−1.33 Cq) had lower Cq values than anorectal swabs, 
which represented 7.3- and 2.5-times higher C.  trachomatis 
load, respectively. Oropharyngeal Cq values were higher (2.73 
Cq) compared to anorectal swabs, indicating a 6.6-times lower 
C. trachomatis load (Table 1).

The range of Cq values per sample type were comparable 
for men and women (Figure 2A). Men and women had similar 
urine (P = .15), anorectal (P = .19), and oropharyngeal (P = .13) 
Cq values indicative of similar C. trachomatis loads (Figure 2B). 
The mean Cq values from vaginal swabs (n = 3273, mean = 31.00 
[SD 3.7]) and urine samples (n = 290, mean = 32.82 [SD 3.7]) in 
women were significantly different (P ≤ .001).

Determinants Associated With C.  trachomatis Load Stratified Per 

Sample Type

In multivariable analyses, women aged <25 years had lower vag-
inal Cq values (−0.69 Cq) compared to women aged ≥25 years, 
resulting in a 1.6-times higher C. trachomatis load in the former 
(Table  2). HIV-positive women had higher vaginal Cq values 
(6.86 Cq) compared to HIV-negative women, which repre-
sented a 116.2-times lower C. trachomatis load.

We additionally assessed whether or not the 3 HIV-infected 
women were repeatedly infected with C. trachomatis. All were not 
repeatedly infected with C. trachomatis. However, because the ana-
lyses included only 3 HIV-infected women this result was unreliable.

In multivariable analyses, patients aged <25  years had 
lower urine Cq values (−0.52 Cq) compared to patients aged 
≥25  years, indicating a 1.4-times higher C.  trachomatis load 
(Table  2). Patients coinfected with urogenital N.  gonorrhoeae 
had higher urine Cq values (0.96 Cq) compared to urogen-
ital N. gonorrhoeae-negative patients, representing a 1.9-times 
lower C.  trachomatis load. HIV-positive patients had higher 
urine Cq values (0.95 Cq) compared to HIV-negative patients, 
which represented a 1.9-times lower C. trachomatis load.

We additionally assessed whether urogenital N. gonorrhoeae 
and HIV-coinfected patients with urine samples had repeat 
C.  trachomatis infections (≥2 infections) or reported to have 
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had an earlier STI (only among STI clinic patients). HIV-
coinfected patients more often had repeat C. trachomatis infec-
tions compared to HIV-negative men (24.4% vs 6.4%; P < .001). 
Patients coinfected with HIV reported to have had an earlier 
STI more often compared to HIV-negative men (35.7% vs 
16.0%; P <  .001). Patients coinfected with N. gonorrhoeae had 
similar repeat C.  trachomatis infections compared to urogen-
ital N. gonorrhoeae-negative patients (11.2% vs 9.1%; P = .69). 
Patients coinfected with N. gonorrhoeae frequently reported to 
have had an earlier STI compared to N. gonorrhoeae-negative 
patients (31.7% vs 19.5%; P = .07).

No determinants were associated with oropharyngeal 
or anorectal C.  trachomatis load in multivariable analyses 
(Supplementary Table 1).

DISCUSSION

This is the first and largest study to date providing a compar-
ison of C. trachomatis load, estimated by Cq values, in urogen-
ital and extragenital locations of men and women. The mean 
C. trachomatis load differed significantly per sample type and 
subsequently per anatomic location. Notably, no difference 
(P  >  .05) in C.  trachomatis load was observed for men and 
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Figure 2.  Boxplots and error bars showing the distribution of Cq values per sample type for men and women. A, Boxplots showing the distribution of Cq values as a proxy for 
Chlamydia trachomatis load per sample type for men (grey) and women (white). Middle lines are used to indicate median, boxes are used to indicate 25th and 75th percentile 
and whiskers indicate lowest and highest value. Outliers are indicated by circles. B, Mean Cq values and 95% CI (error bars) as a proxy for C. trachomatis load per sample 
type for men (dotted line) and women (solid line). Univariable regression analyses were performed to test unadjusted mean Cq value differences between men and women. 
Men and women had similar Cq values: urine (mean [SD] = 32.4 Cq [3.2] vs mean = 32.8 Cq [3.7]; P = .15), oropharyngeal (mean = 36.4 Cq [3.4] vs mean = 37.3 Cq [2.7]; P = .13), 
and anorectal (mean = 34.2 Cq [3.6] vs mean = 33.9 Cq [3.9]; P = .19). Abbreviations: CI, confidence interval; Cq, cycle quantification.

Table 1.  Main Analyses Including Different Sample Types and Associations With Sex and Age for Chlamydia trachomatis Cycle Quantification Values as 
a Proxy for C. trachomatis Load

Cq Values

Determinants % (n) Mean Cq Value (SD) Mean Difference (95% CI) Adjusted Mean Difference (95% CI) Factor CT Load

Overall 100 (7743)     

Sample type      

  Vaginal swaba 42.3 (3273) 31.0 (3.7) −3.02 (−3.24 to −2.80) −2.87 (−3.13 to −2.62)b 7.3

  Urine sample 37.3 (2891) 32.5 (3.2) −1.50 (−1.74 to −1.28) −1.33 (−1.58 to −1.08)c 2.5

  Oropharyngeal swab  1.6 (124) 36.8 (3.1) 2.79 (2.14 to 3.44) 2.73 (2.08 to 3.38) 6.6

  Anorectal swab 18.8 (1455) 34.0 (3.8) Ref Ref  

Sexd      

  Women 56.2 (4354) 31.6 (4.0) −1.24 (−1.40 to −1.07) 0.21 (−.06 to .49)  

  Men 43.8 (3389) 32.9 (3.4) Ref Ref  

Aged      

  <25 y 60.3 (4666) 31.7 (3.7) −1.38 (−1.55 to −1.21) −0.76 (−.93 to −.59) 1.7

  ≥25 y 39.7 (3077) 33.1 (3.7) Ref Ref  

Statistically significant associations (P < .05) are depicted in bold.

Abbreviations: CI, confidence interval; Cq, cycle quantification; CT, Chlamydia trachomatis; Ref, reference.
aOnly measured among women.
bWhen using oropharyngeal samples as the reference group the adjusted mean difference for vaginal swabs was −5.60 (95% CI, −6.26 to 4.95), factor CT load, 48.5.
cWhen using oropharyngeal samples as the reference group the adjusted mean difference for urine was −4.06 (95% CI, −4.70 to 3. 41), factor CT load, 16.7.
dIncluding all sample types, that is vaginal swabs, urine samples, oropharyngeal swabs, and anorectal swabs.
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women on extragenital locations, arguing for similar transmis-
sion potential, clinical relevance, and NAAT detection limits. 
Moreover, in women vaginal swabs had a higher C. trachomatis 
load compared to urine samples, confirming that vaginal swabs 
rather than urine samples should be used. A higher urogenital 
C. trachomatis load was observed in younger patients, whereas 
a lower urogenital C.  trachomatis load was found in patients 
coinfected with HIV and N. gonorrhoeae.

The strength of the current study is the comparison of 
C. trachomatis load of different sample types of both men and 
women in 1 large study using the same diagnostic test (NAAT), 
allowing for the best comparison possible. C. trachomatis load 
can be quite variable in different patients depending on various 
factors, including time of diagnosis since acquiring the infec-
tion. However, our study group  showed that the majority of 
patients had a stable C.  trachomatis load in the time interval 
between diagnosis and treatment (66.3%, 73.1%, and 48.6% for 
vaginal swabs, urine samples, and anorectal swabs, respectively) 
[26]. The C. trachomatis load for each sample type might also 
vary as patients could apply the sampling instructions differ-
ently. Nevertheless, mean C.  trachomatis load at a population 
level was quite stable, as seen in our results of anorectal and 
oropharyngeal samples across both sexes [6]. In earlier work 
we discussed the limitations of comparing different sampling 
methods (ie, urine vs swabs) and different sampling locations 
(vaginal swab vs anorectal or oropharyngeal swabs). For ex-
ample, different sites have different epithelial cells, which might 
influence the C.  trachomatis load. Some previous studies in-
cluded the number of epithelial cells in assessment of the 
C. trachomatis load count but as anatomical sample sites differ 
in the number of cells in the samples, we argue that this ham-
pers accurate comparison [14]. The Cq values of urine samples 
of men were moderately, but significantly, correlated with urine 
C.  trachomatis load (expressed as copies/mL). Therefore, the 
results of urine Cq values could be a less stable indication of 
C. trachomatis load. This is an expected finding as we know con-
centration in urine can differ inter- and intraindividually and 
with time because infected cells from the male urethra may get 
washed out by first void urine. Another reason could be that 
the C. trachomatis major outer membrane protein breaks down 
faster in urine samples than in vaginal swabs leading to higher 
Cq values in the in-house qPCR (Taqman) compared to lower 
Cq values in the NAAT (Cobas 4800). Furthermore, we were 
unable to assess whether the amplified DNA was from viable 
or nonviable C. trachomatis. Previously, our study group devel-
oped a new viability technique (viability PCR) to discriminate 
between viable and nonviable C. trachomatis and showed that 
a substantial amount of C.  trachomatis DNA originated from 
nonviable cells [27]. The nonviable C. trachomatis DNA would 
have no impact on C. trachomatis transmission and sequelae.

There is an ongoing discussion about what difference in 
C.  trachomatis load is clinically or microbiologically relevant. 

Earlier, our group used a difference of 1 log load (3.3 Cq) as mi-
crobiology relevant to overcome potential technical variations 
when measuring the load within the same patient over time. 
However, in the current study, we averaged the Cq values over 
an entire group (eg, men, women, or patients aged <25 year). 
Therefore, potential technical differences between individuals 
were flattened out and had little impact on the results because 
these variations are randomly distributed over all samples 
tested within the particular group [26]. The precise clinical or 
microbiological relevance of the differences in C.  trachomatis 
load between groups remains unknown. However, the fact that 
men and women had a similar extragenital C. trachomatis load 
indicates similar clinical relevance.

Nevertheless, of all sample types included, vaginal swabs had 
the highest C. trachomatis load, which could relate to the highest 
impact on transmission. Recently, our group showed a bord-
erline significant association  (P  =  .54) between a higher uro-
genital C. trachomatis load and microbiological C. trachomatis 
detection after treatment with azithromycin in women [28]. 
Our current study confirmed the presence of high urogenital 
C. trachomatis load in some patients, which might be clinically 
relevant when it hampers the treatment of a C. trachomatis in-
fection with azithromycin.

Our research team and others have shown that the majority of 
women (summary estimate of 68.1%) diagnosed with urogenital 
C. trachomatis also have a concurrent anorectal C. trachomatis in-
fection irrespective of reported anal sex or anal symptoms [29, 
30]. The clinical relevance (risk of complications) and public 
health implications (transmission potential) associated with an-
orectal C. trachomatis detection in women are, however, under 
debate [31]. Anorectal infections in women could result from 
autoinoculation due to the close proximity between the va-
gina and anorectum [19, 32]. In our previous study, in a sample 
(n = 105) of concurrently infected STI clinic women showed that 
in the majority of cases (in 79% and 56% of women reporting 
anorectal intercourse and no anorectal intercourse, respectively), 
the anorectal C.  trachomatis load was in the same range as the 
urogenital C.  trachomatis load, suggesting similar clinical rel-
evance [33]. Moreover, in the current study, we confirmed this 
finding and also showed that the anorectal C.  trachomatis load 
in men equals that of women. We saw as many low as high ano-
rectal loads in both men and women, which was suggested in an 
earlier smaller study based on C. trachomatis qPCR [12]. While 
diagnosis and treatment for anorectal C. trachomatis in MSM is 
recommended, whether this should apply in women is still under 
debate. However, the finding of a similar load in men and women 
suggests a similar clinical relevance. Relevance in women might 
be even more substantial as they bear the burden of reproduc-
tive morbidity caused by C. trachomatis infections [2]. Moreover, 
women concurrently infected with urogenital and anorectal 
C. trachomatis have an 8.5-times higher urogenital C. trachomatis 
load compared to anorectal-negative women [6]. Therefore, 

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/223/9/1582/5678512 by U

niversiteit M
aastricht user on 08 February 2022



1588  •  jid  2021:223  (1 May)  •  Wijers et al

women concurrently infected with urogenital and anorectal 
C.  trachomatis might have higher chances of sequelae such as 
reproductive morbidity. Although, anorectal C.  trachomatis in-
fections in women might be coincidently treated with a urogen-
ital infections due to the high concurrency, a recent study from 
our group suggested that the frequently used drug azithromycin 
may be less effective than doxycycline in clearing anorectal 
C. trachomatis infections in women [28]. Nevertheless, the ques-
tion remains, whether and how substantial autoinoculation or 
other mechanisms for transmission from the female anorectal 
site to the female urogenital site, and vice versa, occur.

Studies have shown a lower C. trachomatis load among older 
patients and patients with repeat infections potentially due to 
development of partial immunity against C. trachomatis [8, 9, 
34, 35]. Especially in HIV-infected men (a high-risk group) 
who were repeatedly infected with C. trachomatis, development 
of partial immunity might explain a lower load.

In conclusion, the mean C. trachomatis load estimated by Cq 
values differed per sample type and thus per anatomic location. 
Vaginal swabs had the highest C.  trachomatis load, whereas 
oropharyngeal swabs had the lowest load. Notably, men and 
women had a similar C.  trachomatis load on extragenital lo-
cations, arguing for similar transmission potential and clinical 
relevance. A  lower load was associated with older age (>25) 
and coinfections with N.  gonorrhoeae and HIV, which was 
suggestive of exposure to previous C.  trachomatis and poten-
tial development of some kind of partial immunity reducing 
C. trachomatis load.
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Supplementary materials are available at The Journal of Infectious 
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are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.

Notes

Acknowledgments. The authors acknowledge the Medical 
Microbiology Laboratory of Maastricht University Medical 
Center (MUMC+) for providing the laboratory data, particu-
larly Brian van der Veer, MUMC+ for providing the Chlamydia 
trachomatis cycle quantification data.

Potential conflicts of interest. All authors: No reported 
conflicts. All authors have submitted the ICMJE Form for 
Disclosure of Potential Conflicts of Interest. Conflicts that the 
editors consider relevant to the content of the manuscript have 
been disclosed.

References

1.	 Newman L, Rowley  J, Vander Hoorn S, et  al. Global esti-
mates of the prevalence and incidence of four curable sex-
ually transmitted infections in 2012 based on systematic 
review and global reporting. PLoS One 2015; 10:e0143304.

2.	 Haggerty CL, Gottlieb SL, Taylor BD, Low N, Xu F, Ness RB. 
Risk of sequelae after Chlamydia trachomatis genital infec-
tion in women. J Infect Dis 2010; 201(suppl 2):S134–55.

3.	 Vodstrcil LA, McIver R, Huston WM, Tabrizi SN, Timms P, 
Hocking  JS. The epidemiology of Chlamydia trachomatis 
organism load during genital infection: a systematic review. 
J Infect Dis 2015; 211:1628–45.

4.	 Rogers  SM, Miller  WC, Turner  CF, et  al. Concordance of 
Chlamydia trachomatis infections within sexual partner-
ships. Sex Transm Infect 2008; 84:23–8.

5.	 Jalal  H, Verlander  NQ, Kumar  N, Bentley  N, Carne  C, 
Sonnex  C. Genital chlamydial infection: association be-
tween clinical features, organism genotype and load. J Med 
Microbiol 2011; 60:881–8.

6.	 Wijers  JNAP, Hoebe  CJPA, van  Liere  GAFS, Wolffs  PFG, 
Dukers-Muijrers NHTM. Chlamydia trachomatis bacterial 
load, estimated by Cq values, in urogenital samples from 
men and women visiting the general practice, hospital or 
STI clinic. PLoS One 2019; 14:e0215606.

7.	 Michel  CE, Sonnex  C, Carne  CA, et  al. Chlamydia 
trachomatis load at matched anatomic sites: implications for 
screening strategies. J Clin Microbiol 2007; 45:1395–402.

8.	 Gomes JP, Borrego MJ, Atik B, et al. Correlating Chlamydia 
trachomatis infectious load with urogenital ecological 
success and disease pathogenesis. Microbes Infect 2006; 
8:16–26.

9.	 Wiggins R, Graf S, Low N, Horner PJ; Chlamydia Screening 
Studies (ClaSS) Study Group. Real-time quantitative PCR 
to determine chlamydial load in men and women in a com-
munity setting. J Clin Microbiol 2009; 47:1824–9.

10.	 Walker J, Fairley CK, Bradshaw CS, et al. The difference in 
determinants of Chlamydia trachomatis and Mycoplasma 
genitalium in a sample of young Australian women. BMC 
Infect Dis 2011; 11:35.

11.	 Chan PA, Robinette A, Montgomery M, et al. Extragenital 
infections caused by Chlamydia trachomatis and Neisseria 
gonorrhoeae: a review of the literature. Infect Dis Obstet 
Gynecol 2016; 2016:5758387.

12.	 van  Liere  GA, Dirks  JA, Hoebe  CJ, Wolffs  PF, Dukers-
Muijrers NH. Anorectal Chlamydia trachomatis load is sim-
ilar in men who have sex with men and women reporting 
anal sex. PLoS One 2015; 10:e0134991.

13.	 van Rooijen MS, van der Loeff MF, Morré SA, van Dam AP, 
Speksnijder  AG, de  Vries  HJ. Spontaneous pharyngeal 
Chlamydia trachomatis RNA clearance. A  cross-sectional 
study followed by a cohort study of untreated STI clinic pa-
tients in Amsterdam, The Netherlands. Sex Transm Infect 
2015; 91:157–64.

14.	 Dirks  JAMC, Hoebe  CJPA, van  Liere  GAFS, Dukers-
Muijrers NHTM, Wolffs PFG. Standardisation is necessary 
in urogenital and extragenital Chlamydia trachomatis bac-
terial load determination by quantitative PCR: a review of 

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/223/9/1582/5678512 by U

niversiteit M
aastricht user on 08 February 2022



Genital and Extragenital Chlamydia Load  •  jid  2021:223  (1 May)  •  1589

literature and retrospective study. Sex Transm Infect 2019; 
95:562–8.

15.	 van  Veen  MG, Koedijk  FD, van  der  Sande  MA; Dutch 
STD Centres. STD coinfections in The Netherlands: spe-
cific sexual networks at highest risk. Sex Transm Dis 2010; 
37:416–22.

16.	 Tongtoyai  J, Todd  CS, Chonwattana  W, et  al. Prevalence 
and correlates of Chlamydia trachomatis and Neisseria 
gonorrhoeae by anatomic site among urban Thai men who 
have sex with men. Sex Transm Dis 2015; 42:440–9.

17.	 Lim  RB, Wong  ML, Cook  AR, et  al. Determinants of 
chlamydia, gonorrhea, and coinfection in heterosexual 
adolescents attending the national public sexually trans-
mitted infection clinic in Singapore. Sex Transm Dis 2015; 
42:450–6.

18.	 Boisvert JF, Koutsky LA, Suchland RJ, Stamm WE. Clinical 
features of Chlamydia trachomatis rectal infection by 
serovar among homosexually active men. Sex Transm Dis 
1999; 26:392–8.

19.	 Dubbink  JH, de  Waaij  DJ, Bos  M, et  al. Microbiological 
characteristics of Chlamydia trachomatis and Neisseria 
gonorrhoeae infections in South African Women. J Clin 
Microbiol 2016; 54:200–3.

20.	 Barnes  RC, Katz  BP, Rolfs  RT, Batteiger  B, Caine  V, 
Jones RB. Quantitative culture of endocervical Chlamydia 
trachomatis. J Clin Microbiol 1990; 28:774–80.

21.	 Dirks  JA, Wolffs  PF, Dukers-Muijrers  NH, Brink  AA, 
Speksnijder AG, Hoebe CJ. Chlamydia trachomatis load in 
population-based screening and STI-clinics: implications 
for screening policy. PLoS One 2015; 10:e0121433.

22.	 Bolotin S, Deeks SL, Marchand-Austin A, et al. Correlation 
of real time PCR cycle threshold cut-off with Bordetella per-
tussis clinical severity. PLoS One 2015; 10:e0133209.

23.	 Dionne  LL, Raymond  F, Corbeil  J, Longtin  J, Gervais  P, 
Longtin Y. Correlation between Clostridium difficile bacterial 
load, commercial real-time PCR cycle thresholds, and results 
of diagnostic tests based on enzyme immunoassay and cell 
culture cytotoxicity assay. J Clin Microbiol 2013; 51:3624–30.

24.	 Ott  SJ, Musfeldt  M, Ullmann  U, Hampe  J, Schreiber  S. 
Quantification of intestinal bacterial populations by real-
time PCR with a universal primer set and minor groove 
binder probes: a global approach to the enteric flora. J Clin 
Microbiol 2004; 42:2566–72.

25.	 De  Vries  H, van  Dam  A, Bax  C. Seksueel Overdraagbare 
Aandoeningen Multidisciplinaire Richtlijn. Update 
2018. www.soaaids.nl/nl/professionals/beroepsgroep/

arts/professioneel-handelen/de-specialist. Accessed 3 
September 2018.

26.	 Dirks  JA, van  Liere  GA, Bogers  S, Dukers-Muijrers  NH, 
Wolffs  PF, Hoebe  CJ. Natural course of Chlamydia 
trachomatis bacterial load in the time interval between 
screening and treatment in anogenital samples. PLoS One 
2015; 10:e0145693.

27.	 Janssen  KJ, Hoebe  CJ, Dukers-Muijrers  NH, Eppings  L, 
Lucchesi M, Wolffs PF. Viability-PCR shows that NAAT de-
tects a high proportion of DNA from non-viable Chlamydia 
trachomatis. PLoS One 2016; 11:e0165920.

28.	 Dukers-Muijrers  NHTM, Wolffs  PFG, De  Vries  H, et  al. 
Treatment effectiveness of azithromycin and doxycycline 
in uncomplicated rectal and vaginal Chlamydia trachomatis 
infections in women: a multicenter observational study 
(FemCure). Clin Infect Dis 2019; 69:1946–54.

29.	 van  Liere  GAFS, Dukers-Muijrers  NHTM, Levels  L, 
Hoebe  CJPA. High proportion of anorectal Chlamydia 
trachomatis and Neisseria gonorrhoeae after routine uni-
versal urogenital and anorectal screening in women visiting 
the sexually transmitted infection clinic. Clin Infect Dis 
2017; 64:1705–10.

30.	 Chandra  NL, Broad  C, Folkard  K, et  al. Detection of 
Chlamydia trachomatis in rectal specimens in women and 
its association with anal intercourse: a systematic review 
and meta-analysis. Sex Transm Infect 2018; 94:320–6.

31.	 Ding  A, Challenor  R. Rectal Chlamydia in heterosexual 
women: more questions than answers. Int J STD AIDS 
2014; 25:587–92.

32.	 Heijne  JCM, van  Liere  GAFS, Hoebe  CJPA, Bogaards  JA, 
van Benthem BHB, Dukers-Muijrers NHTM. What explains 
anorectal Chlamydia infection in women? Implications of a 
mathematical model for test and treatment strategies. Sex 
Transm Infect 2017; 93:270–5.

33.	 Dirks  JAMC, van  Liere  GAFS, Hoebe  CJPA, Wolffs  P, 
Dukers-Muijrers  NHTM. Genital and anal Chlamydia 
trachomatis bacterial load in concurrently infected women: 
a cross-sectional study. Sex Transm Infect 2019; 95:317–21.

34.	 Gupta K, Bakshi RK, Van Der Pol B, et al. Repeated Chlamydia 
trachomatis infections are associated with lower bacterial 
loads [published online ahead of print 4 October  2018]. 
Epidemiol Infect doi: 10.1017/S0950268818002704.

35.	 Walker J, Tabrizi SN, Fairley CK, et al. Chlamydia trachomatis 
incidence and re-infection among young women–behav-
ioural and microbiological characteristics. PLoS One 2012; 
7:e37778.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/223/9/1582/5678512 by U

niversiteit M
aastricht user on 08 February 2022

http://www.soaaids.nl/nl/professionals/beroepsgroep/arts/professioneel-handelen/de-specialist
http://www.soaaids.nl/nl/professionals/beroepsgroep/arts/professioneel-handelen/de-specialist

