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Abstract

Objectives: Evidence suggests that co-infection with sexually transmitted infection (STI) pathogens may support HPV infection persistence and
cervical disease progression and neoplasia. We examined the prevalence of HPV and co-infection with other common STI pathogens in liquid-
based cytology (LBC) cervical specimens, and their association with cervical disease by cytology.

Methods: In this retrospective, cross-sectional study, 149 randomly selected remnant cervical specimens, collected in LBC as part of routine
cervical cancer screening in a large urban academic healthcare system, were tested on the Alinity m HR HPV assay and Alinity m STI assay. All
specimens were processed for cytology and graded as negative for intraepithelial lesions or malignancy (NILM), atypical squamous cells of
undetermined significance (ASC-US) or having any atypical cytology beyond ASC-US (=LSIL).

Results: 62.4% (n=93/149) of specimens had abnormal (2ASC-US) cytology and the remaining 37.6% (n=56/149) had NILM cytology. HR HPV
was detected in 62.4% (93/149) of specimens and a single STI pathogen was detected in 11.4% (17/149) of specimens. Most specimens with
a positive HPV result (73.1%; n=68/93) or positive STI result (94.1%; n=16/17) had 2ASC-US cytology. Compared to HPV infection alone, co-
infection with HPV and STI was associated with an increased prevalence of ASC-US (39.8% vs. 50.0%) and =LSIL cytology (33.3% vs. 41.7%).
Having 2LSIL cytology (OR=4.1667; 95%CI: 1.6110;10.7763) or a positive STI result (OR= 1.5111; 95%CI: 0.5027;4.5420) were predictive of
a positive Alinity m HR HPV assay result.

Conclusions: Our study confirmed an association between co-infection with HPV and STI pathogens and abnormal cytology in cervical
specimens. HPV and STI co-testing may provide granular analyses of the risk of cervical disease associated with co-infections by specific HPV
genotypes and STI pathogens.

Keywords: nucleic acid amplification test; coinfection; diagnostic test; clinical laboratory; cervical cytology; human papillomavirus (HPV);
sexually transmitted infection (STI)

Abbreviations: AGC: Atypical Glandular Cells; ASC-US: Atypical Squamous Cells of Undetermined Significance; ASC-H, Atypical Squamous Cells,
cannot exclude HSIL; CC: Cellular Control; CN: Cycle Number; CT: Chlamydia Trachomatis; HPV: Human Papilloma Virus; HR: High Risk; HSIL:
High-Grade Squamous Intraepithelial Lesion; HSV-2: Herpes Simplex Virus type 2; LBC: liquid-based cytology; LSIL: Low-Grade Squamous
Intraepithelial Lesion; MG: Mycoplasma Genitalium; NG: Neisseria gonorrhea; NILM: Negative for Intraepithelial Lesions or Malignancy; STI:
Sexually Transmitted Infection; TV: Trichomonas Vaginalis; OR: Odds Ratio

Key Messages

What is already known on this topic

Recent studies have suggested a possible link between HPV and STI co-infection, HPV persistence in the reproductive tract, and cervical
neoplasia.

What this study adds

Compared to cervical specimens positive for HPV infection alone, specimens with HPV/STI co-infection had a higher prevalence of abnormal
cytology.

Having abnormal cytology or a positive Alinity m STI assay result were predictive of a positive Alinity m HR HPV assay result.

How this study might affect research, practice, or policy

Molecular testing for high-risk HPV and common STI pathogens may reveal additional insight for predictors of cervical disease.
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Introduction

Chronic infection with high-risk human papillomavirus (HPV)
is a recognized leading cause of cervical cancer. The prevalence
of co-infection with HPV and other common sexually transmitted
pathogens remains insufficiently explored. With a cumulative
lifetime risk of HPV infection exceeding 80%, it is one of the most
prevalent sexually transmitted infections (STIs) worldwide[1].
While most HPV infections are self-limiting and resolve within
two years, approximately 10% of high-risk HPV cases persist,
progressing to high-grade cervical disease[2]. Emerging evidence
indicates that co-infections with common STIs-such as Neisseria
gonorrhea (NG), Chlamydia trachomatis (CT), Trichomonas
vaginalis (TV), and Mycoplasma genitalium (MG)-which target
the same mucosal areas of the reproductive tract as HPV,
significantly contribute to the development of cervical dysplasia
and carcinogenesis in HPV-positive individuals [3]. These STIs are
also associated with severe reproductive health complications,
including ectopic pregnancy, infertility, and pelvic inflammatory
disease, underscoring the urgent need for comprehensive sexual
health strategies.

The precise interactions between HPV and other STI pathogens
are not yet fully understood. However, several studies suggest
that CT and TV may promote persistent HPV infection through
an inflammatory response that facilitates HPV entry into the
basal membrane of the cervical mucosa [4, 5]. Other synergistic
mechanisms influenced by STIs, such as alterations in the vaginal
microbiome, hormonal changes, and disruption of the cervical
epithelium, may also favor persistent HPV infection by increasing
viral load and shedding [6, 7]. Algorithms for the syndromic
management of STIs, which rely on vaginal signs to predict
cervical infection, have proven ineffective. This underscores the
clinical utility of molecular testing of liquid-based cytology (LBC)
specimens for diagnosing STIs and informing patient management
[8]. The impact of specific or multiple HPV genotype co-infections
with STIs on persistent HPV infection and the pathogenesis of
cervical cancer remains under investigation and is still considered
controversial. We analyzed the prevalence of high-risk HPV and
its co-infection with CT, NG, TV, and MG using the Alinity m HR
HPV and STI assays (Abbott Molecular) in ThinPrep® LBC cervical
specimens from patients undergoing routine cervical cancer
screening in an urban healthcare system. Our extended analysis
focused on age-related prevalence of HPV infection, as determined
by Alinity m HR HPV assay results and cytology, along with co-
infections detected by the Alinity m STI assay.

Methods
Setting and Participants

Remnant non-sequential de-identified patient specimens,
collected as part of the Ochsner Health routine cervical cancer
screening program, were selected by the Ochsner Health
molecular pathology laboratory for this study. Specimens in this

study cohort were chosen to include a wide range of cytological
classifications with HPV positive and negative results. Ochsner
Health, based in New Orleans, is a large academic healthcare
system in Louisiana. Specimens were collected in ThinPrep® LBC
medium and processed for cytology. Specimens were aliquoted for
molecular testing on the Alinity m HR HPV assay and the Alinity
m STI assay. Patient identifiers were removed from the specimens
and the study was conducted in accordance with an approved
Ochsner Health Institutional Review Board (IRB) protocol.

Cytology

Cytology was performed using a ThinPrep 2000 processor
and specimens were graded based on the 2014 Bethesda System.
Cytology results were classified as negative for intraepithelial
lesions or malignancy (NILM), atypical squamous cells of
undetermined significance (ASC-US), or as having any atypical
cytology beyond ASC-US (=LSIL), including low-grade squamous
intraepithelial lesion (LSIL), atypical glandular cells (AGC),
high-grade squamous intraepithelial lesion (HSIL), Atypical
squamous cells, cannot exclude HSIL (ASC-H), and squamous
cell carcinoma or adenocarcinoma. All results were reviewed by
a cytotechnologist and all abnormal cases and selected negative
cases (including random 10% and negative cases with previous
abnormal results) were reviewed by a pathologist.

Assays

The Alinity m HR HPV assay is a qualitative real-time PCR-
based assay that simultaneously amplifies and detects genotypes
HPV16, HPV18, and HPV45 and reports the 11 other HR HPV
genotypes in two aggregates: Other HR HPV A (31/33/52/58)
and Other HR HPV B (35/39/51/56/59/66/68). The Alinity m
HR HPV assay is approved for use with ThinPrep® PreservCyt®
Solution and SurePath®. The assay also includes a cellular control
(CC) to ensure specimen collection adequacy along with sample
extraction and amplification efficiency.

The Alinity m STI assay is a qualitative multiplex assay that
simultaneously detects and differentiates CT, NG, TV, and MG
nucleic acid in asymptomatic and symptomatic patient specimens.
The Alinity m STI assay is cleared for endocervical swabs, vaginal
(self-collected and physician-collected) and male urine for all
four pathogens. Thin Prep® PreservCyt® Solution and female
urine specimens are cleared for CT, NG, and TV. Rectal and
oropharyngeal swabs are cleared for CT and NG. The assay also
includes a cellular control to ensure specimen collection adequacy
and an exogenous internal control (IC) is used to confirm the
absence of PCR inhibitors in the test specimen.

Statistical analysis

Cytology results were categorized as NILM, ASC-US, and
>LSIL and analyzed across Alinity m HR HPV and Alinity m STI
results. The analysis was further stratified by age ranges, grouped
as 21-29 years, 30-44 years, and 245 years. Odds ratios were
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calculated to determine the association between an Alinity m HR
HPV “Detected” result and age 230 years, positive Alinity m STI
result (CT, NG, TV, MG), and =LSIL cytology. Data analyses were
performed using SAS software version 9.3 or higher (SAS, Cary,
NC).

Results
Specimens

A total of 149 de-identified residual cervical clinical specimens
collected in ThinPrep® were included in the study. Specimens

were collected from individuals with an average age of 40.3+11.8
years. Almost half of the specimens (46.0; 69/149) were collected
from individuals between 30 and 44 years of age, representing the
majority age group in this study; the cohort ranged from 21 to 72
years of age.

Cytology results

Overall, 62.4% (n=93/149) of specimens had abnormal
cytology (2ASC-US) and the remaining 37.6% (n=56/149) had
NILM cytology. An abnormal cytology result was more frequently
found in the 30-44 age group (online supplemental table 1).
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Figure 1: Percentage of specimens with Alinity m HR HPV and Alinity m STI positive results across cervical cytology categories.
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Figure 2: Odds ratios for factors predicting a positive Alinity m HR HPV result. )
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Alinity m HR HPV results

HR HPV was detected in 62.4% (93/149) of specimens (online
supplemental table 2). HPV45 was detected in 5.37% of specimens,
more frequently than HPV16 (4.0%) or HPV18 (2.7%). Most HPV
positive specimens were either Other HR HPV A (31/33/52/58;
18.1%) or Other HR HPV B (35/39/51/56/59/66/68; 32.2%).

The distribution of cytology by Alinity m HR HPV result and

age is shown in (Table 1). Of the 94 specimens with HPV positive
results, 5 specimens (5.4%) had multiple HR HPV genotypes
detected: 3 with HR Other A and HR Other B (1 NILM, 1 ASC-US,
1 2LSIL); 1 with HPV 18 and HR Other B (=LSIL), and 1 with HPV
45 and Other HR A (=LSIL). HPV positive results were evenly
distributed by age (Table 2). The average age of individuals with
a single HR HPV detected was 38.9+11.7 years and with multiple
HPV detected was 35.4+11.0 years.

Table 1: Distribution of Cytological Findings, by Alinity m HR HPV and STI Assay Results and Age Group (N=149)

NILM ASC-US 2LSIL Total
n (%) n (%) n (%) n (%)
Total 56 37.6 56 37.6 37 248 149 100
HPV (+) 25 44.6 37 66.1 31 83.8 93 62.4
HPV (-) 31 55.4 19 33.9 6 16.2 56 37.6
STI(+) 1 1.8 11 19.6 5 13.5 17 11.4
STI(-) 55 98.2 45 80.4 32 86.5 132 88.6
HPV (+) / STI (+) 1 1.8 6 10.7 5 135 12 8.1
HPV (+) / STI (-) 24 429 31 55.4 26 70.3 81 54.4
HPV (-) / STI (+) 0 0.0 5 8.9 0 0.0 5 3.4
HPV (-) / STI () 31 55.4 14 25.0 6 16.2 51 342

ASC-US: Atypical Squamous Cells of Undetermined Significance; HPV: High-risk Human Papillomavirus; LSIL: Low-Grade Intraepithelial Lesion;
NILM: Negative for Intraepithelial Lesions or Malignancy; STI: Sexually Transmitted Infection

Table 2: Alinity m HR HPV and Alinity m STI Assay Result Distribution by Age (N=149)

21 - 29 years 30 - 44 years 245 years Total
n (%) n (%) n (%) n (%)
Total 27 18.1 69 46.3 53 35.6 149 100
HPV (+) 21 14.0 41 27.5 31 20.8 93 62.4
HPV () 6 4.0 28 18.8 22 14.8 56 37.6
STI (+) 7 4.7 7 4.7 3 2.0 17 11.4
STI(-) 20 13.4 62 41.6 50 33.6 132 78.5
HPV (+) / STI (+) 5 3.4 5 3.4 2 13 12 8.1
HPV (+) / STI () 16 10.7 36 241 29 19.5 81 54.4
HPV (-) / STI (+) 1.3 2 13 1 0.7 5 3.4
HPV (-) / STI (-) 4 2.0 26 17.4 21 14.0 51 33.6

ASC-US, atypical squamous cells of undetermined significance;
HPV, high-risk human papillomavirus; LSIL,
intraepithelial lesion; NILM, negative for intraepithelial lesions or
malignancy; STI, sexually transmitted infection.

low-grade

Alinity m STI results

Of the 149 specimens, 17 (11.4%) were positive for a single
STI pathogen. No STI co-infections were detected in this cohort.
The vast majority of specimens with a positive STI result (94.1%;
n=16/17) had =ASC-US cytology. Specimens with a positive STI
result were most often from individuals <44 years of age (9.4%;
n=14/149). The full distribution of the 17 positive Alinity m

STI assay results by STI pathogen, Alinity m HR HPV result, and
cytology is shown in online (supplemental Table 3).

Association of Alinity m HR HPV and STI assay results
with cytology

An Alinity m HR HPV positive result was statistically
significantly more closely associated with a 2LSIL (p = 0.0002)
cytological result than an ASC-US (p = 0.0226) cytological result
when compared to a NILM result. In this study 66.1% (n=37/56) of
specimens with ASC-US cytology were positive for HPV; similarly,
83.8% (n=31/37) of those with >LSIL cytology had a positive
HPV result. 44.6% (n=25/56) of those with NILM cytology were
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positive for HR HPV with Alinity m. Furthermore, an Alinity m
STI positive result was statistically significantly more closely
associated with an ASC-US (p = 0.0023) cytological result than a
>LSIL (p = 0.0242) cytological result when compared to a NILM
result.

3.4% (n=5/149) of specimens were STI positive but HPV
negative,and 8.1% (n=12/149) were positive for both STIand HPV.
An Alinity m HR HPV positive result with an Alinity m STI positive
result was more frequently observed and statistically significantly
associated in specimens with =LSIL (p = 0.0003) cytology more
so than those with ASC-US (p = 0.0012) cytological results when
compared to NILM. Figure 1 illustrates the relationship between
cytology and HPV and STI assay results. In this study cohort, an
overall increasingly positive trend toward abnormal cytology was
observed in specimens with an HPV positive result only and HPV/
STI co-infection.

Predictors of a positive Alinity m HR HPV assay result

Cytology =LSIL (OR= 4.1667; 95%CI: 1.6110;10.7763)
was most predictive of a positive Alinity m HR HPV assay
result, followed by a positive STI result (OR= 1.5111; 95%CI:
0.5027;4.5420) (Figure 2). Age 230 years (OR= 0.4114; 95%CI:
0.1550;1.0923) was less predictive of a positive HR HPV result
then either =LSIL cytology or a positive STI assay result.

Discussion

The objective of this cohort study was to evaluate the
prevalence and distribution of high-risk human papillomavirus
and sexually transmitted infection co-infections in liquid-
based cytology cervical specimens, stratified by cytological
categories and age groups. Emerging research indicates a
potential association between STI co-infections, the persistence
of HPV infections, and the progression of cervical neoplasia
[9, 10]. Overall, 11.4% of the specimens were positive for a STI
in this cohort and the majority (47.0; n=8/17) of specimens
were positive for CT. Persistent HPV and CT co-infections have
been proposed as a cofactor with increased risk of progression
of cervical neoplasia and malignancy in women [11]. There
were no NG-positive results in this study; this is consistent
with the literature, where reports of an association between NG
and persistent HPV infection are minimal. Globally, TV poses a
significant threat to women’s health as the most common non-
viral STI and was the second most frequently observed non-HPV
STl in this cohort; 66.6% (n=4/6) of specimens with a positive TV
result were also positive for HPV. The full extent of the interaction
between TV infection and cervical cytological abnormalities
remains unclear. However, emerging evidence suggests that TV,
despite often being asymptomatic, may significantly predispose
the cervical epithelium to carcinogenesis [12]. MG was detected
in 3 specimens: 1 was positive for HPV 16, 1 for Other HR HPV A,
and 1 for Other HR HPV B. The overall prevalence of MG infection
in this cohort was 2.0% (n=3/149); this is in alignment with
what has been previously reported in the southern region of the

United States [13]. MG has aggressively emerged as a formidable
STI, notorious for its ability to establish chronic infections in the
lower genital tract. This insidious pathogen has also been directly
linked to cervicitis. The inflammatory response to MG infection
may contribute to persistent HPV infection and an increased risk
of progression to cervical disease. The immunological effects
of HPV infection or other opportunistic STIs can influence an
individual’s susceptibility to additional opportunistic or fastidious
transmissible STI pathogens. This may also hinder the ability to
clear a persistent HPV infection from the lower genital tract.

For specimens included in this cohort, the prevalence of a
progressively abnormal cytology result was higher in those with
both a positive HPV and positive STI result compared with a HPV
positive result only (see Figure 1). For specimens with NILM
cytology, 44.6% (n=25/56) had a positive HPV result and 1.8%
(n=1/56) were positive with an HPV and STI result. In specimens
with =LSIL cytology, a near 2-fold increase in prevalence was
observed in specimens with a positive HPV result (83.8%;
n=31/37) and a significant increase was seen in specimens with
a positive HPV and STI result (13.5%; n=5/37). The odds ratio
calculations also corroborate with these observations, revealing
that =LSIL cytology and a positive STI result were more strongly
associated with a positive HR HPV result than age 230 years (see
Figure 2). Our findings align with similar HPV/STI positivity
trends associated with abnormal cytological results that have
been reported in literature [14].

Our study included extended genotyping results from the
Alinity m HR HPV assay. An Alinity m HPV16 result was associated
with 1 TV (HSIL cytology) and 1 MG (ASC-US cytology) result from
the Alinity m STI assay. Alinity m Other HR HPV A (31/33/52/58)
result was associated with one CT (ASC-US cytology) and
one MG (LSIL cytology) result. An Alinity m Other HR HPV B
(35/39/51/56/59/66/68) result was linked to 4 CT, 3 TV, and 1
MG Alinity m STI results. For the Alinity Other HR HPV B results,
one specimen was associated with NILM cytology, 4 with ASC-US,
and 3 with 2LSIL.

No STI co-infections with HR HPV18 or 45 were reported.
All Alinity m HR HPV positive results associated with an Alinity
m STI positive result were identified as a single assay response,
i.e,, positive for HPV16, 18, 45, Other HR HPV A, or Other HR HPV
B. As persistent HR HPV infections have been linked with STI
co-infections, the unique extended genotyping results from the
Alinity m HR HPV assay offer additional granularity to determine
the causative HPV genotype risk profile for persistent infection
and abnormal cytology in individuals with STI co-infections.

A concerning 8.1% of specimens tested positive for the Alinity
m HR HPV and STI assay, with the majority showing abnormal
cytology (2ASC-US). The pathogens detected with the Alinity
m STI assay and the Alinity m HR HPV result showed some
concordance, but the true extent of their potential synergistic
effect on cervical disease remains critically unknown. Immediate
action is needed to understand the relationship between these
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infections, which is influenced by numerous factors, including
the sequence of infections, multiple infections over time, an
inflammatory environment in the lower genital tract, the duration
of inflammation, and a possible genetic predisposition to cervical
carcinogenesis. Addressing these variables promptly is essential
to mitigate the risks and prevent severe cervical disease. This
study has some limitations with its cross-sectional observational
design. The sample size is also relatively small, symptomatic
status was unknown, and histological outcomes were not available
for specimens with ASC-US and =LSIL cytology.

Conclusion

In conclusion, our study has identified a significant association
between co-infection with HPV and STI pathogens and abnormal
cytology in cervical specimens. This finding underscores the

importance of further research with larger sample sizes and
comprehensive HPV genotyping to accurately assess the risk
of cervical disease linked to specific HPV genotypes and STI
pathogens. Such studies are crucial for developing targeted
prevention and treatment strategies, ultimately improving
women’s health outcomes.
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Supplemental Table 1: Distribution of Cytological Findings, by Age Group (N=149)

NILM ASC-US =LSIL Total
n (%) n (%) n (%) n (%)
Total 27 37.6 69 37.6 53 24.8 149 100
Age 21-29 years 3 2.0 30 20.1 23 15.4 56 37.6
Age 30-44 years 21 14.1 20 134 15 10.1 56 37.6
Age 245 years 3 2.0 19 128 15 10.1 37 24.8

ASC-US: Atypical Squamous Cells of Undetermined Significance; LSIL: Low-Grade Intraepithelial Lesion; NILM: Negative for Intraepithelial Lesions

or Malignancy.

Supplemental Table 2: Alinity m HR HPV Result Hierarchical Distribution

n (%)
HPV 16 6 4.0
HPV 18 4 2.7
HPV 45 8 5.4
Other HR HPV A 27 18.1
Other HR HPV B 48 32.2
Not Detected 56 37.6
Total 149

HR HPV, high-risk human papillomavirus

Supplemental Table 3: Distribution of Alinity m STI Results for each STI Pathogen, by Alinity m HR HPV Extended Genotype Result and Cytology

(N=17)
CT NG TV MG
n (%) n (%) n (%) n (%)
Total 8 47.0 0 0.0 6 35.0 3 17.6
HPV16 0 0.0 0 0.0 1 5.9 1 5.9
HPV18 0 0.0 0 0.0 0 0.0 0 0.0
HPV45 0 0.0 0 0.0 0 0.0 0 0.0
Other HR HPV A 1 5.9 0 0.0 0 0.0 1 5.9
Other HR HPV B 4 23.5 0 0.0 3 17.6 1 5.9
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Not Detected 3 17.6 0 0.0 2 11.8 0 0.0
NILM 1 5.9 0 0.0 0 0.0 0 0.0
ASC-US 6 35.3 0 0.0 3 17.6 2 11.8
=LSIL 1 5.9 0 0.0 3 17.6 1 5.9

ASC-US: Atypical Squamous Cells of Undetermined Significance; CT: Chlamydia Trachomatis; HR HPV: High-Risk Human Papillomavirus; LSIL:
Low-Grade Intraepithelial Lesion; MG: Mycoplasma Genitalium; NG, Neisseria Gonorrhea; NILM: Negative for Intraepithelial Lesions or Malignan-
cy; TV: Trichomonas Vaginalis.
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