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Cervicitis is a common clinical finding often attributed to sexually transmitted infections (STIs), but no etiologic agent is identi-
fied in the majority of cases. In this study, we comparatively assessed inflammation among the common infectious etiologies of
cervicitis and assessed the potential value of liquid cytology specimens for predicting STIs. Among 473 Louisiana women at low
risk for acquiring STIs, the prevalences of Mycoplasma genitalium, Chlamydia trachomatis, Neisseria gonorrhoeae, and
Trichomonas vaginalis in liquid-based cytology specimens were 1.5, 2.1, 0.6, and 4.4%, respectively. N. gonorrhoeae and human
papillomavirus 18 (HPV18) infections were significantly more common among subjects infected with M. genitalium. Using di-
rect microscopy, we observed significant increases in leukocyte infiltrates among subjects with monoinfections with M. genita-
lium or C. trachomatis compared to women with no detectable STIs. Inflammation was highest among subjects with M. genita-
lium. Using a threshold of >2 leukocytes per epithelial cell per high-powered field, the positive predictive values for M.
genitalium, C. trachomatis, N. gonorrhoeae, and T. vaginalis were 100, 70, 67, and 20%, respectively. Several novel M. genita-
lium genotypes were identified, all of which were predicted to be susceptible to macrolide antibiotics, suggesting that different
strains may circulate among low-risk women and that macrolide resistance is substantially lower than in high-risk populations.
This study highlights the capacity of M. genitalium to elicit cervical inflammation and, considering the strong epidemiologic
associations between M. genitalium and human immunodeficiency virus (HIV), provides a potential mechanism for acquisition
and shedding of HIV via chronic leukocyte recruitment to the cervical mucosa.

Inflammation of the uterine cervix, termed cervicitis, is charac-
terized clinically by the presence of either mucopurulent dis-

charge from the cervical os and/or easily induced bleeding after
endocervical sampling (cervical friability). Cervicitis appears to be
a very common clinical finding (1) and has, in fact, been coined
“the ignored counterpart in women of urethritis in men” (2).
Classically, cervicitis has been managed “syndromically” by treat-
ing for the most likely etiologic agents prior to an accurate diag-
nosis. This is a common practice in sexually transmitted disease
(STD) clinics to manage lower urogenital inflammation in men
and women because it is imperative to initiate therapy before sex-
ually transmitted infection (STI) test results are available. CDC
guidelines recommend such empirical therapy of cervicitis in pa-
tients suspected to be infected with Chlamydia trachomatis or
Neisseria gonorrhoeae, particularly in populations with high STI
prevalence (3). Although no etiologic agent is identified in the
majority of cases, the most common infectious causes of cervicitis
are Chlamydia trachomatis and Neisseria gonorrhoeae (2, 4), fol-
lowed by Mycoplasma genitalium, Trichomonas vaginalis, and her-
pes simplex viruses 1 and 2 (5).

A diagnosis of cervicitis currently relies upon direct observa-
tion of the aforementioned clinical signs during pelvic exam. Un-
fortunately, algorithms for syndromic management of STIs have
proven to be largely ineffective when using vaginal signs to predict
cervical infection, which can be detected by less invasive methods
(5). Some specialists continue to utilize microscopic signs of cer-
vicitis (elevated number of polymorphonuclear leukocytes per
high-powered microscope field [PMN/HPF]) observed on endo-
cervical Gram stains as presumptive evidence for treatment of
STIs despite conflicting data on usefulness and being removed
from the CDC treatment guidelines in 1993 (6). Over time, the
threshold of inflammation to define a positive test has varied

among studies from 10 to 30 PMN/HPF, and to date, no consen-
sus or adequately justified definition of microscopically defined
cervicitis exists (6). In addition, the positive predictive value
(PPV) of inflammation on endocervical smears for identifying C.
trachomatis or N. gonorrhoeae is generally less than 50% (7, 8) and
declines with age (9), even in populations with high STI preva-
lence. Data regarding the use of microscopic signs for predicting
M. genitalium are comparatively sparse, but a 2013 study showed
that endocervical Gram stains have similarly poor utility (10).
Collectively, the studies show that endocervical Gram staining
appears to have limited usefulness as a point-of-care (POC) pro-
cedure for predicting the most commonly identified etiologies of
cervicitis. With the assumption that cervicitis is an important
pathological condition, either as an independent syndrome or as
an identifiable risk factor for upper tract disease, a clear need exists
to enhance the POC management of STIs in this context.

M. genitalium is a prevalent and emerging STI linked epidemi-
ologically to pelvic inflammatory disease, tubal-factor infertility,
and cervicitis (reviewed in references 11 and 12). Despite solid
evidence for this organism as a cause of male nongonococcal ure-
thritis (NGU), additional studies are needed to unequivocally im-
plicate M. genitalium as a cause of cervicitis and other female re-
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productive tract syndromes. M. genitalium has a remarkable
ability to establish chronic infections of the lower genital tract
(13–16) in lieu of strong antibody responses to at least two outer
membrane antigens (17–27). The data regarding M. genitalium as
a cause of cervicitis have been conflicting, with approximately half
of published studies showing significant associations (28). Com-
parative assessments of these studies indicate that M. genitalium is
more commonly associated with cervicitis when microscopic cri-
teria are considered independently of nonmicroscopic criteria
(11, 28). In contrast to the case with C. trachomatis and N. gonor-
rhoeae, this suggests that microscopic signs may indeed be useful
for predicting M. genitalium infection, and further investigation is
warranted.

Very little evidence has been put forth to compare the inflam-
matory capacity of M. genitalium to that of other STIs, and there-
fore, its true role as a pathogen has yet to be established. Our
primary goal in this study was to comparatively analyze the inten-
sities of inflammation among the common infectious etiologies of
cervicitis. Secondarily, we investigated the utility of liquid cytol-
ogy specimens, routinely used for cervical cancer screening and
human papillomavirus (HPV) testing, for predicting M. genita-
lium infection. Liquid cytology specimens have been FDA ap-
proved for the PCR-based diagnosis of HPV, C. trachomatis, N.
gonorrhoeae, and T. vaginalis and are ideal to screen older and/or
low-risk populations, since they are an integral component of cer-
vical cancer management algorithms (29). This specimen type
also uniquely facilitates evaluation of cells present in the cervix
and is amendable to POC staining procedures to potentially en-
hance syndromic management of cervicitis.

MATERIALS AND METHODS
Patient population and specimen collection. A retrospective case control
study was performed in accordance with an approved LSU Health Sci-
ences Center Institutional Review Board (IRB) protocol. Deidentified
ThinPrep PreservCyt specimens (n � 482) were received from the Interim
LSU Public Hospital’s Molecular Pathology Laboratory (New Orleans,
LA) from November 2012 to January 2013 for nucleic acid amplification
testing (NAAT) for STIs. HPV infection status was available for 347 spec-
imens as determined by Cobas HPV test (Roche Diagnostics, Inc., India-
napolis, IN). HIV infection status was unknown. The median age of the
subjects was 42 years (range, 20 to 70 years; mean, 42 years) and was
determined using clinical laboratory testing records after deidentification
of specimens. Therefore, we were unable to correlate subject age with STI
testing results. Any specimen without visible turbidity, a general indicator
of specimen collection and cellularity, was excluded from the study (n �
9) in order to reduce the likelihood of false-negative results due to insuf-
ficient cellular material.

STI screening and quantification of M. genitalium. All STI testing
was performed using DNA extracts from ThinPrep PreservCyt (Hologic,
Inc., Bedford, MA) specimens as the template. The specimens were ob-
tained after Pap cytology and HPV testing with volumes ranging from 4 to
16 ml and stored at room temperature for up to 3 months prior to DNA
extraction and STI testing. After swirling, 400 �l was removed and cen-
trifuged at 4,000 � g for 5 min, and the resultant pellet was used as input
for DNA purification using the Qiagen DNeasy Blood and Tissue kit (Qia-
gen, Inc., Valencia, CA). Purified DNA was eluted into 200 �l of the
recommended elution buffer and stored at �20°C until PCR was per-
formed.

To detect and enumerate M. genitalium organisms, we employed a
real-time quantitative PCR (qPCR) assay targeting a 92-bp region of the
MG190 (mgpA) gene (30) with the following reaction conditions: 12.5 �l
of iQ Supermix (Bio-Rad Laboratories, Inc., Hercules, CA), 1.0 �l of
forward primer (190F; 5 �M stock), 1.0 �l of reverse primer (190R3; 5 �M

stock), 1.0 �l of the MG190 TaqMan probe (MG190P; 5 �M stock), and 5
�l of the DNA template. Real-time PCR was performed using the CFX96
real-time PCR detection system (Bio-Rad Laboratories, Inc.) with two-
step cycling parameters as described previously (30). Samples with a pos-
itive result using the MG190 TaqMan PCR assay were confirmed using a
PCR assay targeting a conserved region of mgpB using primers 1F and 1R
(16) with SYBR green detection chemistry. Melt curve analysis was used to
confirm amplicon specificity.

C. trachomatis testing was performed using a real-time qPCR assay
targeting the cryptic plasmid as described previously (31). N. gonorrhoeae
testing was performed using a SYBR green qPCR assay targeting a 102-bp
region of the porA pseudogene (32). The PCR setup was as follows: 12.5 �l
of iQ SYBR green Supermix (Bio-Rad Laboratories, Inc.), 1.0 �l of for-
ward primer (5 �M stock), 1.0 �l of reverse primer (5 �M stock), and 5 �l
of the DNA template. The cycling parameters consisted of an initial de-
naturation at 95°C for 5 min, followed by 50 cycles of 95°C for 1 s and 60°C
for 20 s. Melt curve analysis was used to confirm amplicon specificity. T.
vaginalis testing was done using a laboratory-developed quantitative real-
time PCR assay targeting the single-copy glycine hydroxymethyltrans-
ferase gene (TVAG_109540). The PCR setup volumes were identical to
those outlined for N. gonorrhoeae using forward primer 5=-CCATCAAG
AGCATGCTTAGCTGC-3=, reverse primer 5=-GTTCATCAACGTATTT
GGTGCCTCCA-3= (5 �M stock), and TaqMan probe (5=-AGTATGCG
GAAGGATATCCAGGTGCTCGC-3=). Cycling parameters consisted of
an initial denaturation at 95°C for 5 min, followed by 35 cycles of 95°C for
10 s, 53°C for 30 s, and 72°C for 30 s.

Cervical leukocyte quantification. Approximately 100 �l of each
ThinPrep PreservCyt specimen was placed onto a glass microscope slide,
air dried for 15 min at room temperature, and then stained with Diff-Quik
reagents per the manufacturer’s instructions (Siemens Healthcare Diag-
nostics, Ltd., Deerfield, IL). Leukocytes and epithelial cells were quantified
in parallel from 5 representative high-powered fields by an American
Society for Clinical Pathology (ASCP)-certified cytologist; cell counts
were entered into a customized requisition form. First, samples from all
subjects monopositive for M. genitalium (n � 5) and from a randomly
selected subset of subjects negative for all tested STIs (n � 40) were stained
for evaluation of M. genitalium-specific modulation of cervical leukocyte
counts. Next, all specimens testing positive for monoinfections with C.
trachomatis (n � 9), N. gonorrhoeae (n � 2), and T. vaginalis (n � 18) were
processed for comparison to specimens from M. genitalium-positive sub-
jects and those testing negative for all STIs. The prevalence of each STI,
stratified by variable thresholds of leukocyte/epithelial cell ratios (�2 or
�2.5), was used to calculate PPVs (Table 1). In order to eliminate exper-
imental bias, the cytologist was masked to the NAAT results throughout
the study.

M. genitalium genotyping. DNA specimens from subjects with posi-
tive results from both the MG190 TaqMan and MG191 SYBR PCR assays
were used as templates for the MG191 (mgpB) genotyping assay (15).
Conventional PCR using the MgPa-1 and MgPa-3 primers (33), followed
by agarose gel electrophoresis, PCR cleanup (QIAquick PCR purification
kit; Qiagen, Inc.), and bidirectional Sanger sequencing, was performed
and analyzed using standard methods. Sequences were compared to those
from published M. genitalium strains using NCBI’s BLASTn program.

Macrolide resistance screening of M. genitalium. Subjects with pos-
itive results from the MG190 TaqMan and MG191 SYBR PCR assays were
screened with a third PCR targeting the 23S rRNA gene (rrlA). Mutations
in rrlA known to confer macrolide resistance were identified using a PCR
assay previously developed by Jensen (34). Amplification was detected by
agarose gel electrophoresis followed by PCR cleanup and Sanger sequenc-
ing as described above. Sequence data were analyzed using MacVector
version 12.0.3 (MacVector, Inc.) to identify M. genitalium nucleotides
corresponding to M. genitalium G37 (GenBank accession number
NC_000908) positions 173798 and 173799 that indicate macrolide resis-
tance (Escherichia coli positions A2058 and A2059 of the rrlA gene).
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Statistical analysis. Analysis of variance (ANOVA) was used to deter-
mine whether STIs were associated significantly with increased ratios of
cervical leukocytes to epithelial cells whereby significant differences were
noted when the P value was �0.05. Compiled contingency tables and

calculated odd ratios (OR) were used for univariate analysis of the asso-
ciations between M. genitalium infection and other STIs. Fisher’s exact
test was used to determine whether significant associations exist, and P
values are reported in Table 2. Similarly, contingency tables were assem-
bled to determine the PPV of variable leukocyte/epithelial cell ratios
among STIs, followed by Fisher’s exact test (Table 1). PPV was calculated
using Prism (version 6; GraphPad Software, Inc., La Jolla, CA).

Nucleotide sequence accession numbers. The nucleotide sequences
obtained in this study have been submitted to NCBI with accession num-
bers KF995739 to KF995744.

RESULTS
Performance of the M. genitalium diagnostic PCR system. The
MG190 TaqMan PCR assay was described previously (30). In the
current study, we evaluated performance of the MG191 assay with
liquid cytology specimens. Reproducibility of M. genitalium de-
tection was determined by measuring interassay precision among
10 independent PCR runs. Liquid cytology specimens spiked with
serial dilutions of M. genitalium G37 organisms showed a linear
range of detection from 1 � 104 to 3 � 107 organisms per ml, with
coefficients of variation ranging from 1.3 to 2.7% (Fig. 1A). The
reproducible limit of detection (LOD) was 3 � 104 organisms per
ml, which was detected in 100% of reactions. Concentrations of
1 � 104 organisms per ml were detected in 60% of specimens (Fig.
1A). Spiking M. genitalium organisms into liquid cytology speci-
mens from 5 different subjects showed similar reproducibility of
the combined extraction and PCR system, with coefficients of
variation between 3.1 and 5.3% (Fig. 1B).

STI prevalence and coinfections in low-risk Louisiana
women. Among 473 subjects, 35 were positive by the MG190
TaqMan PCR assay, of whom 7 were confirmed positive using
the MG191 SYBR assay (1.5%; 7/473). The titers from con-
firmed M. genitalium-positive specimens ranged from 2 � 102

to 6 � 104 genomes per ml of ThinPrep PreservCyt fluid (mean
� standard error of the mean [SEM], 1.8 � 104 � 1.0 � 104).
The prevalences of C. trachomatis, N. gonorrhoeae, and T. vagi-
nalis were 2.1 (10/473), 0.6 (3/473), and 4.4% (21/473), respec-
tively. The titers of T. vaginalis ranged from 4 � 105 to 1 � 107

genomes per ml (mean � SEM, 3.1 � 106 � 8.4 � 105). N. gon-
orrhoeae infection was significantly more common among sub-
jects with M. genitalium, but this was not the case for T. vaginalis
or C. trachomatis (Table 2). No coinfections with C. trachomatis
were identified.

TABLE 1 Value of leukocyte/epithelial cell ratios detected in liquid
cytology specimens for predicting M. genitalium and other STIs

Infection status Parameter

Value at indicated
threshold of
leukocyte/EC ratio

�2.0 �2.5

M. genitalium positive (n � 7) No. 7 5
% 100.0 71.4

M. genitalium negative (n � 70) No. 16 10
% 22.9 14.3
P valuea 0.0001 0.0025
PPVb (%) 100.0 71.4

C. trachomatis positive (n � 10) No. 7 5
% 70.0 50.0

C. trachomatis negative (n � 67) No. 16 10
% 23.9 14.9
P valuea 0.0062 0.0205
PPVb (%) 70.0 50.0

N. gonorrhoeae positive (n � 3) No. 2 2
% 66.7 66.7

N. gonorrhoeae negative (n � 74) No. 21 13
% 28.4 17.6
P valuea 0.211 0.0952
PPVb (%) 66.7 66.7

T. vaginalis positive (n � 20) No. 4 3
% 20.0 15.0

T. vaginalis negative (n � 57) No. 19 12
% 33.3 21.1
P valuea 0.3952 0.7466
PPVb (%) 20.0 15.0

a Fisher’s exact test.
b The PPV is equal to the percentage of subjects identified with �2 or �2.5 leukocytes/
epithelial cell/HPF who tested positive for the indicated STI.

TABLE 2 Prevalence and univariate associations between M. genitalium infection and other STIs

STI
NAAT prevalence, %
(no. positive/no. tested)

No. (%) of samples with result

Odds ratio
(95% CI) P valuea

M. genitalium
positive

M. genitalium
negative

M. genitalium 1.5 (7/473) NAe NA NA NA
C. trachomatis 2.1 (10/473) 0 (0.0) 10 (2.1) 2.9 (0.2–54.2) 1.00
N. gonorrhoeae 0.6 (3/473) 1 (14.3) 2 (0.4) 38.7 (3.1–486.6) 0.04
T. vaginalis 4.4 (21/473) 1 (14.3) 20 (4.3) 3.7 (0.04–32.4) 0.27
High-risk HPVb,c 32 (111/347) 3 (60.0) 108 (31.6) 3.2 (0.5–19.7) 0.33
HPV16c 5.2 (18/347) 0 (0.0) 18 (5.3) 1.6 (0.1–30.0) 1.00
HPV18c 3.5 (12/347) 2 (40.0) 10 (2.9) 22.1 (3.3–147.5) 0.01
OHR HPV typesc,d 28.8 (100/347) 2 (40.0) 98 (28.7) 1.6 (0.3–10.0) 0.63
a Fisher’s exact test.
b Combined HPV results for 14 high-risk HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68).
c HPV results were available for 347 subjects.
d OHR, combination result for 12 other high-risk HPV types (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68).
e NA, not applicable.
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Human papillomavirus (HPV) results were available for a sub-
set of subjects in this study (n � 347). The prevalence of high-risk
HPV infection was determined to be 32% (111/347), with HPV16
and HPV18 present at 5.2% (18/347) and 3.5% (12/347), respec-
tively. The combined prevalence of 12 other high-risk HPV types
(31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) was 28.8% (100/
347). No associations were observed between M. genitalium and
high-risk HPV infection (OR, 3.2; 95% confidence interval [CI],
0.5 to 19.7), M. genitalium and HPV16 (OR, 1.6; 95% CI, 0.1 to
30.0), or M. genitalium with a combination result of 12 high-risk
HPV types other than types 16 and 18 (OR, 1.7; 95% CI, 0.3 to
10.0). However, HPV18 detection was associated significantly
(P � 0.01; Fisher’s exact test) with M. genitalium infection (OR,
22.1; 95% CI, 3.3 to 147.5). With exception of HPV infections, all
subjects with coinfections were excluded from these calculations
for purposes of enumerating pathogen-specific modulation of
cervical leukocytes.

M. genitalium and C. trachomatis infections were associated
with microscopic signs of cervical inflammation. We evaluated
whether M. genitalium and other STIs are associated with cervical
inflammation using a ratio of leukocytes to epithelial cells quan-
tified from liquid cytology specimens. A representative stained
preparation is shown in Fig. 2A. Subjects with monoinfections
with M. genitalium (3.4 � 0.7 leukocytes/epithelial cell/HPF; n �
5) and C. trachomatis (3.0 � 0.7; n � 9) had significantly higher
(P � 0.05) mean leukocyte/epithelial cell ratios than did a repre-
sentative subset of women without STIs (0.8 � 0.15; n � 40) (Fig.
2B). The largest ratio of leukocytes to epithelial cells was observed
in subjects with M. genitalium infection. Subjects with N. gonor-
rhoeae (2.2 � 0.3; n � 2) or T. vaginalis (1.4 � 0.5; n � 18)
infections also showed increased leukocyte/epithelial cell ratios,
but these increases were not significantly different than for sub-
jects with no detectable STIs (P � 0.05; ANOVA).

The PPV of measuring leukocyte/epithelial cell ratios from

FIG 1 Reproducibility of the MG190 TaqMan PCR assay. (A) M. genitalium G37 organisms were spiked into ThinPrep PreservCyt specimens at concentrations
ranging from 1 � 104 to 3 � 107 organisms per ml. DNA was purified from each spiked specimen and used as the template in 10 replicate PCRs run on separate
plates. (B) In a separate study, after spiking M. genitalium G37 organisms at the indicated concentrations, five independent DNA purifications and PCRs were
performed once weekly over a 5-week period to evaluate interassay precision of the assay system. Data are presented as cycle of quantification (Cq) with percent
coefficient of variation for each group.

FIG 2 Quantification of cervical leukocytes from liquid cytology specimens. ThinPrep PreservCyt specimens from low-risk Louisiana women were screened for
M. genitalium using the TaqMan PCR system described herein, as well as for C. trachomatis, N. gonorrhoeae, and T. vaginalis. All subjects with coinfections among
those positive for M. genitalium, C. trachomatis, N. gonorrhoeae, and T. vaginalis were excluded from the calculation of leukocyte modulation. Those specimens
that were monopositive for each STI and a randomly selected subset of specimens negative for all tested STIs (n � 40) were Diff-Quik stained, followed by
quantification of cervical epithelial cells and leukocytes. (A) Representative microscope field from a stained ThinPrep PreservCyt specimen illustrating squamous
epithelial cells and cervical leukocytes. Differing ratios of leukocytes to epithelial cells are readily observed using the preparation and staining paradigm. (B)
Comparison of cervical leukocyte counts among women with and without STIs presented as the ratio of leukocytes to epithelial cells per high-powered field
(HPF) compiled from five representative microscope fields. Significant differences between leukocyte/epithelial cell ratios among subjects are indicated with an
asterisk (P � 0.05; ANOVA).
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stained smears of liquid cytology specimens ranged from 20 to
100% among STIs using a threshold of positivity of �2.0 leuko-
cytes/epithelial cell/HPF (Table 1). As expected, the PPV de-
creased if the threshold was raised to the more stringent cutoff of
�2.5 leukocytes/epithelial cell/HPF. Using either threshold of
positivity, the prevalence of M. genitalium or C. trachomatis in-
fection was significantly higher in subjects with these inflamma-
tory signs than in those without signs. Similar trends were not
observed for subjects with N. gonorrhoeae or T. vaginalis infections
(Table 1).

Macrolide resistance-mediating mutations and novel M.
genitalium genotypes. Several recent studies have highlighted
that azithromycin (AZM)-resistant M. genitalium strains are
emerging worldwide (35–42), two of which provide molecular
evidence that resistance can be induced with 1 g of STAT dosing
(38, 42). Using conventional PCR and Sanger sequencing, anal-
ysis of the M. genitalium-positive subjects in this study showed
that none of their infecting strains possessed mutations that con-
fer macrolide resistance (data not shown). Using a previously
validated genotyping system that targets a relatively conserved
region of the MG191 gene (mgpB) (15), we observed only a
single infecting strain to be 100% identical to a previously de-
fined strain (M6283; Miyazaki, Japan). The remaining six ge-
notypes had unique MG191 sequences differing from all previ-
ously published sequences in the NCBI database, as well as
among each other (Fig. 3).

DISCUSSION

In this study, approximately 1 in 65 women presenting to wom-
en’s clinics in Louisiana for cervical cancer screening tested posi-
tive for M. genitalium infection (1.5%). As expected, this preva-
lence was in between those of N. gonorrhoeae (0.6%) and C.

trachomatis (2.1%) and substantially lower than previous obser-
vations of high-risk subjects, including STD clinic attendees, sub-
jects attending family planning clinics for termination of preg-
nancy, or commercial sex workers (11). On average, urogenital M.
genitalium infections occur in approximately 2% of low-risk
women recruited from fertility clinics, otherwise healthy subjects
enrolled in population-based studies, or subjects enrolled in stud-
ies of adverse pregnancy outcomes (11). In a study by Manhart
and colleagues, 1.3% of otherwise healthy young adults aged 18 to
27 years in the southern region of the United States tested positive
for M. genitalium infection (43). Our observed prevalence of 1.5%
from Louisiana women’s clinics was on par with these studies;
however, women enrolled in our study were older (median age, 42
years), and samples were obtained during routine cervical cancer
screening visits to either rural or urban women’s clinics. The find-
ing that M. genitalium is more common than N. gonorrhoeae and
similar to C. trachomatis in this population highlights the poten-
tial need to screen older populations such as the case for T. vagi-
nalis.

The convention of categorically defining cervicitis based on
elevated levels of PMN/HPF on endocervical Gram stains has pre-
vented an accurate assessment of inflammation by distilling the
findings into a qualitative endpoint of cervicitis/no cervicitis. Per-
haps even more troubling with this method is the lack of an ade-
quate control for sampling efficiency. Using liquid cytology spec-
imens in the current study, direct leukocyte quantification as a
ratio to epithelial cells accounts for sampling efficiency and high-
lights the observation that women with M. genitalium have ap-
proximately three times more leukocytes in the cervix than do
women without STIs. The significance of this finding is somewhat
unclear since no pathological threshold of cervical leukocytes has

FIG 3 Nucleotide alignment of M. genitalium genotypes. Using a previously described genotyping system (15), we PCR amplified and sequenced the specific
genotyping region of MG191 from all specimens confirmed to be positive for M. genitalium infection (n � 7). Sequencing reads were trimmed using Sequencher
version 4.10.1 and aligned using Clustal W in MacVector version 12.0.3. Sequences were compared to those for previously described M. genitalium strains using
NCBI’s BLASTn program. M. genitalium strain G37 was processed in parallel to confirm accuracy of the system and is presented as a reference. Nucleotide
reference numbers are relative to that for G37 (GenBank accession number NC_000908).
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been established. Previous studies have utilized varied micro-
scopic definitions of cervical inflammation (12), and those that
employed high thresholds of inflammation (�20 or �30 PMN/
HPF) showed fewer associations between M. genitalium and cer-
vicitis (11). Combined with results of the 2010 Swedish study in
which no (0/6) M. genitalium-positive subjects had �30 PMN/
HPF (44), cumulative evidence suggests that M. genitalium infec-
tions may be characterized by relatively low-intensity inflamma-
tion. Therefore, the concept of utilizing a defined microscopic
threshold of leukocyte infiltrates without a measure of sampling
efficiency is inadequate for detecting inflammation and/or pre-
dicting infection. Importantly, increases in cervical leukocytes
among M. genitalium-positive women in our study were highest
among the STIs and substantiate the role of M. genitalium as an
inflammatory pathogen. Using a cutoff ratio of �2, the PPV of the
leukocyte/epithelial cell ratio for predicting M. genitalium was
very high (100%), but this and the PPVs for other STIs should be
interpreted with caution since the STI prevalence was very low.
Collectively, despite screening almost 500 low-risk women, ex-
pansion of the study to include high-risk women and differing age
groups is warranted to better understand the utility of this method
for predicting STIs.

Previous studies have shown that vaginal swabs may have a
greater relative sensitivity for M. genitalium detection than cervi-
cal swabs (45, 46), and a combination of these sites yields a sensi-
tivity of more than 95% (45). Liquid cytology specimens predom-
inately contain squamous cells of the ectocervix, but because the
anatomical target of sampling is the transition zone between the
ectocervix and endocervix, columnar cells of the endocervix are
also present. We routinely observed vaginal microflora suggesting
that this specimen type may be ideal for M. genitalium detection,
as it offers a composite sampling of the lower urogenital tract.
Regarding analytical sensitivity, the defined lower threshold of
reproducible detection was 3 � 104 organisms/ml of ThinPrep
PreservCyt fluid and represents a potential limitation to the cur-
rent study. We hypothesize that this is due to the relatively small (5
�l) template used in the PCR and that additional optimization of
the system would likely enhance sensitivity. With this potential
limitation, it is possible that subjects with low M. genitalium titers
were not identified, and therefore, the observed microscopic signs
of inflammation are representative of subjects with high titers.
Additionally, several specimens identified as positive with the
MG190 screening test were not confirmed with a second test, sug-
gesting that specificity of the MG190 PCR is subpar and should be
enhanced to reduce false-positive results. Additional investigation
of this specimen type and detection system is warranted consider-
ing the widespread use of liquid cytology specimens for cervical
cancer screening and HPV testing in women aged 21 to 65 years
(29).

We identified six previously undiscovered genotypes, all of
which were susceptible to macrolides, suggesting that M. genita-
lium strains circulating in low-risk women may differ from those
in high-risk populations. This study, to our knowledge, is the first
to investigate macrolide susceptibility among low-risk women
and suggests that M. genitalium strains circulating in this popula-
tion are more susceptible to these antibiotics than those in higher-
risk populations such that AZM is less effective (12, 47). AZM
treatment failures using the 1-g dose have ranged from 15 to 60%
(47–49). Other studies have highlighted the hazard of STAT 1-g
AZM therapy by describing the molecular mechanisms of induced

resistance and subsequent treatment failure (35, 38, 42). Since
AZM is commonly used to treat male NGU and is also included in
the current CDC treatment guidelines for gonorrheae, it remains
imperative to monitor resistance patterns for M. genitalium and
other bacterial STIs since virtually all men with urethritis receive
AZM. In patients with AZM-resistant M. genitalium infections,
moxifloxacin is the recommended and most commonly used an-
tibiotic (12, 47), but reports of resistance are emerging (50).

This study highlights the importance of M. genitalium as an
etiology of cervicitis and the potential utility of liquid cytology
specimens for diagnosis and measuring inflammation. The major
limitations to interpreting the significance of the findings are the
low prevalence of M. genitalium and other STIs and the inability
to stratify our results by age. A larger cohort will be required to
corroborate the results in both high- and low-risk populations,
particularly with regard to the PPV of this method as a POC pro-
cedure. Since the prevalence of STIs would be substantially higher
in high-risk populations, our findings may not be generalizable to
these women since coinfections, frequent reinfection, bacterial
vaginosis, and other factors may complicate the validity of mea-
suring leukocyte/epithelial cell ratios. Importantly, cervicitis has
been associated with increased HIV shedding, and treatment of
the condition reduces both viral shedding and the presence of
virus-infected cells in cervical secretions (51–53). Having been
shown to enhance susceptibility to HIV infection (54, 55), and
with cross-sectional associations with HIV infection in more than
20 studies (56), continued investigation of M. genitalium re-
mains important, as antibiotic-resistant strains continue to
emerge worldwide.
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