Original research EMH]J - Vol. 31 No. 07 - 2025

Comparative study of pap smear and polymerase chain reaction tests
for human papillomavirus screening in Bahrain

Nermin Kamal Saeed*?, Safa Alshaikh** and Mohammed Al-Beltagi®®

"Medical Microbiology Section, Pathology Department, Salmaniya Medical Complex, Ministry of Health, Manama, Bahrain. 2Microbiology Section,
Pathology Department, Irish Royal College of Surgeons, Medical University of Bahrain, Busaiteen, Bahrain. 3Anatomic Pathology Section, Pathology
Department, Salmaniya Medical Complex, Ministry of Health, Manama, Bahrain. “Pathology Department, College of Medicine and Medical Science,
Arabian Gulf University, Manama, Bahrain. Pediatric Department, Faculty of Medicine, Tanta University, Tanta, Egypt. ‘Pediatric Department,
University Medical Centre, King Abdulla Medical City, Arabian Gulf University, Manama, Bahrain (Correspondence to Mohammed Al-Beltagi:
mbelrem@hotmail.com).

Abstract

Background: Cervical cancer remains a global health concern, particularly in low- and middle-income countries, including
Bahrain, where human papillomavirus (HPV) infection is the leading cause.

Aim: To compare the diagnostic accuracy of cervical cytology (pap smear) and molecular HPV detection using polymerase
chain reaction (PCR) in identifying cervical abnormalities among women in Bahrain.

Methods: We retrospectively analysed 320 pap smear samples from the Salmaniya Medical Complex laboratory.
Cytological findings were compared with HPV PCR results, using PCR testing as the gold standard. Sensitivity, specificity,
positive predictive value and negative predictive value were calculated. Statistical analyses included chi-square and
Fisher's exact tests.

Results: Among the 320 samples, 56 (17.5%) were HPV-positive and 264 (82.5%) were HPV-negative. PCR showed
higher sensitivity (95.5%) but had reduced moderate specificity (67.4%), with a positive predictive value for detecting
histopathological lesions of 94.6% and a negative predictive value of 96.9%. Pap smears identified 57.5% as negative for
intraepithelial lesion or malignancy and 42.5% with abnormalities. HPV-positive cases had higher abnormal cytology
rates, and histopathology confirmed lesions in some HPV-positive cases despite normal cytology results.

Conclusion: Combining HPV PCR with pap smear enhances cervical cancer detection. Tailored screening programmes
based on individual risk factors are recommended to reduce the disease burden.
Keywords: cervical cancer, HPV, pap smear, PCR, sensitivity, specificity, cytology, Bahrain

Citation: Saeed NK, Alshaikh S, Al-Beltagi M. Comparative study of pap smear and polymerase chain reaction tests for human papillomavirus screening in
Bahrain. East Mediterr Health J. 2025;31(7):453-462. https://doi.org/10.26719/2025.31.7.453.

Received: 16/09/2024; Accepted: 22/01/2025.

Copyright © Authors 2025; Licensee: World Health Organization. EMH] is an open-access journal. This paper is available under the Creative Commons
Attribution Non-Commercial ShareAlike 3.0 IGO licence (CC BY-NC-SA 3.0 IGO; https://creativecommons.org/licenses/by-nc-sa/3.0/igo).

cases. Screening should be initiated at 21 years of age,
considering social and cultural factors (5). However,
pap smears have limitations, including subjective
interpretation, variable sensitivity, and a shortage of
trained cytotechnologists (6).

Introduction

Cervical cancer is the fourth most common cancer
among women worldwide. Despite advancements in
screening and prevention, it remains a leading cause of
morbidity and mortality, particularly in resource-limited
settings (1). Similar to global trends, cervical cancer ranks
fourth among cancers affecting women in Bahrain,
with an annual incidence rate of approximately 4.3 per
100 000 individuals and an age-standardized incidence
rate of 5.9. Among the Gulf Corporation Council (GCC)
countries, Bahrain has the second highest incidence rate
after the United Arab Emirates (2). Timely detection and
interventions are critical to addressing this public health

Molecular HPV testing has emerged as a highly
sensitive alternative due to its ability to detect high-risk
HPV genotypes and associated cervical lesions, making
it a valuable addition to cervical cancer screening (7).
Techniques such as polymerase chain reaction (PCR) and
nucleic acid hybridization facilitate direct detection of
HPV DNA in cervical samples, aiding risk stratification
and clinical management. While pap smear remains
widely used, PCR is considered the gold standard

challenge.

Persistent infection with high-risk human papi-
llomavirus (HPV) genotypes, notably HPV 16, 18 and
31, is the primary cause of cervical cancer, detected in
over 90% of cases (3). Screening, particularly pap smear
testing, have been instrumental in reducing cervical
cancer incidence (4). Over the past 40 years, pap smear
screening has led to a 50% reduction in cervical cancer

for HPV detection, as endorsed by the United States
Preventive Services Task Force (USPSTF). High-risk HPV
DNA detection enhances triage efficiency and optimizes
patient management (8).

Despite the proven efficacy of molecular HPV
testing, its integration into Bahrain’s national screening
programme remains debated. The comparative effec-
tiveness of pap smear and HPV PCR in identifying
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cervical abnormalities among Bahraini women has not
been fully explored. This study addressed this gap by
assessing the concordance between these diagnostic
tools, evaluating their strengths and limitations, and
providing evidence-based insights to optimal cervical
cancer screening strategies.

Methods

This comparative study analysed patient records from
the Salmanyia Medical Complex Laboratory in Bahrain.
A total of 320 cervical pap smear samples were collected
from women attending the gynaecology department for
routine screening or gynaecological concerns.

Cervical cytology was performed using liquid-based
cytology. Samples were randomly selected for inclusion
between May and October 2023 (9). Molecular HPV
PCR was conducted using the Sansure real-time high-
risk HPV PCR assay which detects 23 high-risk HPV
genotypes, including HPV 16 and 18, while grouping
other genotypes under “others.” Correlations between
cytologic results and histopathological diagnoses were
examined (Figure 1).

Cases with discordant results - negative pap smear
but HPV-positive PCR findings - underwent histopatho-
logical re-evaluation. Two independent pathologists
conducted blinded histopathologic examinations to
minimise bias. Similarly, HPV-negative samples with
abnormal cytology were re-evaluated using an alternative

molecular PCR assay (Cepheid’s GeneXpert HPV assay) to
confirm findings (10).

The study included all cervical cytology and HPV
detection tests performed during the study period.
Cases with incomplete or missing data or a history
of cervical cancer or previous treatment for cervical
abnormalities were excluded. Data collected included
patient demographics, cytological findings, molecular
HPV detection results (including genotypes) and, where
available, histopathologic outcomes.

The study’s statistical power was estimated using the
Power and Precision V3 software. Categorical variables
were compared using the chi-square (when all expected
frequencies were > 5) or Fisher's exact test (when any
expected frequency was < 5). Continuous variables,
such as age, were analysed using independent t-tests.
Sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) were calculated for pap
smears, using HPV PCR as the gold standard. Subgroup
analyses was used to examine the influence of age, HPV
genotype and cytologic findings on diagnostic accuracy.
P < 0.05 was considered statistically significant (11). SPSS
version 19 was used for all statistical analyses.

This study adhered to the Declaration of Helsinki and
was approved by the Institutional Review Board (IRB)
of Salmaniya Medical Complex. Patient confidentiality
was maintained through data anonymization. Informed
consent was not required, because no personally
identifiable data were used.

Total pap
smears
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by PCR by PCR
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NILM = negative for intraepithelial lesion or malignancy; HPV = human papilloma virus

Figure 1. Study design: distribution of pap smear results, HPV detection and cytologic findings
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Results

A total of 320 samples from 320 women were included,
with a mean age of 43.7 + 11.6 years, median age of
43 years, and age range 21 to 82 years. Among these,
56 (17.5%) tested positive for HPV by PCR, while 264
(82.5%) tested negative. The PCR-negative group was
significantly larger (P < 0.0001), but mean age differences
were not statistically significant (P > o0.05). The
proportions of PCR-positive and PCR-negative cases are
presented descriptively to provide context for the study
population. Statistical comparisons, such as chi-square or
Fisher’s exact tests, were applied to examine associations
between categorical variables (e.g. cytologic findings and
PCR status), rather than determining the significance
of the overall proportions of PCR-positive versus PCR-
negative cases (Table 1).

Among 320 cervical smears, 57.5% were NILM, while
42.5% showed abnormalities, the most frequent being
atypical squamous cells of undetermined significance
(ASCUS) (22.0%), atypical glandular cells (AGC) (8.1%)
and low grade squamous intraepithelial lesion (LSIL)
(13.2%) (Image 1). Less common findings included
atypical squamous cells (ASC-H) (3.8%), high-grade pre-
cancerous condition (HSIL) (1.5%) (Image 2), squamous

cell carcinoma (SCC) (0.6%), adenocarcinoma (0.3%),
malignant sarcoma (0.3%) and atypical endocervical cells
in favour of neoplasia (0.3%).

Among the HPV-positive women, the mean age was
40.7 + 13.1 years, ranging from 23 to 82 years, with a
median age of 37.5 years. We further stratified this group
into 2 age subgroups: 52.0% were younger than 40 years
and 48.0% were 40 years or older. Of the HPV-positive
samples, 14 (25.0%) were positive for HPV 16, 2 (3.6%)
were positive for HPV 16 in addition to other genotypes,
and 1 (1.8%) was positive for HPV 18 in addition to other
genotypes. Forty-two (75.0%) were positive for other HPV
genotypes. Genotype prevalence did not significantly
differ by age, and non-16/18 HPV genotypes were the
most common. Cytologic examination of the HPV-
positive cases showed NILM in 6 (11.0%) samples, AGC in
2 (3.6%), ASCUS in 22 (39.0%), ASC-H in 6 (11.0%), LSIL in
15 (27.0%), HSIL in 3 (5.4%), and SCC in 2 (3.6%). Of the 6
HPV-positive NILM smears, histopathology confirmed
abnormalities in 2 (33.3%).

The 264 HPV-negative cases (82.5% of total samples)
had a mean age of 44.3 + 11.1 years, a median age of 44
years and age range of 21 to 75 years. Cytologic findings
in this group included NILM in 178 (67.4%) cases, AGC

Category Total HPV-positive

samples cases cases

Table 1. Characteristics of the study groups based on HPV PCR results and cytological findings
HPV-negative

Number (%) 320 (100%) 56 (17.5%) 264 (82.5%)
Age (years)
Mean + SD 43.7 £ 11.6 40.7 £13.1 44.3 £ 11.1
Median 43 375 44
Range 21-82 23-82 21-75
>70 10.3 (7) 16.9 (119) 11.5 (21)
HPV genotypes detected
HPV 16 16 (5.0%) 14 (25.0%) -
HPV 18 1(0.3%) 1(1.8%) -
Other 42 (13.1%) 42 (75.0%) -
Cytologic type
NILM 184 (57.5%) 6 (11.0%) 178 (67.4%)
AGC 26 (8.1%) 2 (3.6%) 24 (9.1%)
ASCUS 70 (22.0%) 22 (39.0%) 48 (18.2%)
ASC-H 12 (3.8%) 6 (11.0%) (2.3%)
LSIL 18 (5.6%) 15 (27.0%) 3 (1.1%)
HSIL 5 (1.5%) 3 (5.4%) 2(0.8%)
SCC 2(0.6%) 2(3.6%) -
Adenocarcinoma 1(0.3%) - 1(0.4%)
Malignant 1(0.3%) - 1(0.4%)
sarcoma
Atypical 1(0.3%) - 1(0.4%)

endocervical cells

P1 NILM cases Positive cytology
smears
< 0.0001* 184 (57.5%) 136 (42.5%) < 0.0001%*
<0.05" 433 +11.4 44.2£11.8 >0.05
42 44
21-75 23-82
6 (3.3%) 10 (7.4%) <0.001"
- 1(0.7%)
33 (18.0%) 9 (6.6%) <0.001"
< 0.0001* 184 (100%) -
>0.05 - 26 (19.1%)
<0.001* - 70 (51.5%)
<0.01* - 12 (8.8%)
<0.0001* - 18 (13.2%)
<0.05" - 5(3.7%)
- 2.(15%)
- 1(0.75%)
- 1(0.75%)
- 1(0.75%)

NILM = negative for intraepithelial lesion or malignancy; AGC = abnormal glandular cells; ASCUS = atypical squamous cells of undetermined significance; ASC-H = atypical squamous cells,
cannot exclude high-grade squamous intraepithelial lesion; LSIL = Low-Grade squamous intraepithelial lesion; HSIL = high-grade squamous intraepithelial lesion; SCC = squamous cell

carcinoma

Puvalues represent statistical comparisons between groups: P1: Differences between HPV-positive and HPV-negative cases; P2: Differences between NILM and abnormal cytology groups. *

Significant results (P < 0.05)
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in 24 (9.1%), ASCUS in 48 (18.2%), ASC-H in 6 (2.3%), LSIL
in 3 (11%), HSIL in 2 (0.8%), vaginal adenocarcinoma in
1 (0.4%), malignant sarcoma in 1 (0.4%), and atypical
endocervical cells in favour of neoplasia in 1 (0.4%).
Comparison of cytologic findings between the 2 groups
showed that the HPV-positive group had significantly
higher rates of ASCUS, ASC-H, LSIL and HSIL, but fewer
NILM cases than the HPV-negative group. No significant
differences were observed in AGC prevalence. The HPV-
positive group had one case of SCC, while the HPV-
negative group had one case each of adenocarcinoma,
malignant sarcoma, and atypical endocervical cells in
favour of neoplasia. HPV-PCR demonstrated a sensitivity
of 95.5% (95% CI: 87.5-98.9%), a specificity of 67.4%, a PPV
of 94.6% and an NPV of 96.9%.

Cytology results of the pap smears showed 184
(57.5%) were NILM, while 136 (42.5%) showed significant
cytologic changes. The size difference between these
groups was statistically significant (P < 0.0001), but no
significant differences were observed in mean age (P >
0.05). The NILM group had a mean age of 43.3 + 11.4 years,
a median age of 42 years and age range 21 to 75 years.
Among the 184 NILM smears, 6 (3.3%) were HPV-positive
by PCR due to strains other than HPV 16 or 18. Three of
these 6 cases (50.0%) showed significant histopathologic
changes upon re-evaluation. Also, 178 (96.7%) of the NILM
smears were HPV-negative and showed no significant
histopathologic changes.

The group with abnormal cytologic findings had a
mean age of 44.2 +11.8 years, a median age of 42 years, and
age range 23 to 82 years. Among these smears, 50 (36.8%)
were HPV-positive, with 14 (10.3%) positive for HPV 16, 2
(1.5%) positive for HPV 16 in addition to other genotypes,
and 1 (0.7%) positive for HPV 18 in addition to other
genotypes. Thirty-three (24.3%) samples were positive for
other HPV genotypes. The cytologic findings included 26
cases (19.1%) with AGC, 70 (51.5%) with ASCUS, 12 (8.8%)
with ASC-H, 18 (13.2%) with LSIL, 5 (3.7%) with HSIL, 2
(1.5%) with SCC, 1 (0.75%) with vaginal adenocarcinoma,
1 (0.75%) with malignant sarcoma, and 1 (0.75%) with
atypical endocervical cells in favour of neoplasia.

Discussion

Early detection of cervical cancer is critical, because
cervical cancer remains a major cause of cancer-related
morbidity and mortality among women globally, with an
estimated 604 000 new cases reported annually (12). In
Bahrain, cervical cancer is the 8th most common cancer
among women aged 15-44 years, with 21 new diagnoses
and 12 related deaths each year (13). These figures
underscore the importance of effective screening tools.

This study aimed to compare the effectiveness of
pap smear and HPV detection by PCR in identifying
precancerous and cancerous lesions in women from
Bahrain. The results provide valuable insights to the link
between PCR testing for HPV and cytologic findings in
cervical smear.

Our findings indicate that PCR testing has a high
sensitivity and positive predictive value for detecting
histopathologic lesions in cervical samples, with a
sensitivity of 95.5% and a positive predictive value of
94.6%. Certain cases had discordant results - negative
pap smear but positive by PCR - indicating that PCR
may detect HPV infections even when cytologic findings
fail to do so, as previously reported in the literature. The
moderate specificity of PCR (67.4%) suggests that while
it is highly sensitive, it may detect transient infections
or non-pathogenic HPV genotypes, leading to false
positives.

Although molecular methods like PCR are typically
highly sensitive and specific, several factors may have
contributed to the reduced specificity observed in our
findings. First, PCR’s sensitivity allows it to detect
even transient HPV infections, which are common in
younger populations and may resolve without leading
to significant cervical lesions (14). This ability to identify
transient infectionslikely contributed to cases where PCR
results were positive without accompanying cytologic
abnormalities (15). Another contributing factor is the
potential for cross-reactivity, because certain PCR assays,
including the Sansure real-time high-risk HPV PCR assay
used in our study, may occasionally react with non-
HPV DNA sequences or environmental contaminants
despite stringent contamination controls (16). Although
the kit detected 23 high-risk HPV genotypes, it only
provided genotype-specific identification for HPV 16
and 18, grouping all other genotypes as “other high-risk
types.” This lack of precision may have influenced our
specificity findings, as some genotypes were more likely
to be transient and non-pathogenic. Variations in sample
collection and DNA quality may also have played a role;
samples with compromised quality (e.g. insufficient
cellular material) may yield HPV DNA detection even in
the absence of cellular abnormalities (17). Our findings
are consistent with previous studies that reported
specificity variations, particularly in populations
with high transient infection rates or broad-spectrum
screening (18-20). Thus, we recommend that HPV PCR
results be interpreted alongside cytologic findings and
patient history to improve diagnostic accuracy.

Importantly, our findings revealed that most HPV-
positive cases detected by PCR were attributed to
strains other than HPV 16 and 18. This underscores the
importance of comprehensive HPV testing that covers
a broad spectrum of high-risk HPV genotypes beyond
the commonly targeted strains. This is in line with the
findings of Alnoaimi et al, who reported that about 62-
73% of HPV genotypes detected in abnormal pap smears
were not caused by genotype 16 or 18, especially in women
younger than 40 years (21).

We did not find a significant effect of age on genotype
prevalence in this study. We found that HPV genotype
16 was identified in 28.5% of positive cases, which is
consistent with findings by Zheng et al. (22). A significant
limitation of our study was that we identified genotypes
other than 16 and 18 as “others”. Further research is
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needed to determine the precise prevalence and clinical
significance of individual genotypes. Multiple factors
may influence genotype distribution, such as age, gender,
ethnicity, socioeconomic status, sexual behaviour, HPV
vaccination status, immune status, geographical location,
smoking, and other co-factors, along with screening and
diagnostic practices that influence viral detection and
reporting (23).

Our study highlighted a critical observation regarding
the subset of NILM smears that tested positive for HPV
by PCR. Upon re-evaluation through histopathologic
examination, a significant proportion of these cases
exhibited underlying cervical lesions. Specifically, out
of the 6 patients with NILM and positive HPV-PCR,
histopathologic examination confirmed the presence of
significant cervical lesions in 3 cases. This underscores
the potential usefulness of PCR testing in identifying
HPV infection, even in cases with seemingly normal
cytologic findings and highlights the potential limitations

of relying solely on cytology. Our finding agrees with
the work of Matah et al, who found that HPV testing
provides more precise cervical cancer surveillance
strategies than pap smear (24). A recent Canadian study
recommended transitioning from pap testing to HPV
testing in Canadian primary cervical cancer screening
due to its higher sensitivity, cost-effectiveness, and
safety (25). However, we recommend combining pap
smear with HPV testing to increase the sensitivity and
decrease the risk of false positive results.

Our analysis of cytologic findings in cervical smears
revealedadiverserangeofabnormalities,including NILM,
AGC, ASCUS, ASC-H, LSIL, HSIL, SCC, adenocarcinoma,
malignant sarcoma, and atypical endocervical cells in
favour of neoplasia. Notably, the HPV-positive group
exhibited significantly higher frequencies of smears with
ASCUS, ASC-H, LSIL (Images 1-4), and HSIL (Images 5-8)
than the HPV-negative group. These findings agree with
the work of Faqih et al, who found an increased risk of

Case 1: Low-grade squamous intraepithelial lesion with follow-up findings
These images show the cytologic and histologic features typical of a low-grade lesion, including early changes visible on the pap
smear, with biopsy confirmation and immunohistochemical markers supporting the presence of HPV-related changes.

Image 1. Pap smear from a 53-year-old woman showing features

of a low-grade squamous intraepithelial lesion (LSIL). The image

highlights large cell size, dark chromatin, binucleation and a
well-defined cytoplasm (Papanicolaou stain, 400x)

Image 2. Cervical biopsy from the same patient, showing
cervical intraepithelial neoplasia I (CIN I) with nuclear
atypia involving the lower one-third of the squamous lining
(Hematoxylin and eosin stain, 400x)

Image 3. Cervical biopsy of the same patient, showing
cervical intraepithelial neoplasia I (CIN I) with nuclear atypia
involving the lower one-third of the squamous lining (ki.67
stain, 400x)

Image 4. Strong diffuse nuclear and cytoplasmic staining for
P16, which is associated with HPV-induced changes (400x)
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ASC-H, HSIL, and LSIL in patients who tested positive
for genotype 16, increased risk of LSIL in patients who
tested positive for genotypes 18/45, and an increased
risk of ASCUS and LSIL in patients who tested positive
for other high-risk HPV genotypes (26). Kim et al found
that increasing severity of cervical cytology is linked
with infection with certain HPV genotypes (27). This
suggests that PCR testing may be particularly useful for
identifying cases with more advanced cervical cytologic
abnormalities and in stratifying the risk of cervical
cancer (28).

Interestingly, while the HPV-negative group had a
higher proportion of smears with NILM, it also included
cases with adenocarcinoma, malignant sarcoma, and
atypical endocervical cells in favour of neoplasia. This
highlights the importance of considering both PCR and

cytologic findings in assessing cervical health. However,
it is important to acknowledge the limitations of PCR
testing, including the potential for false-positive results
and the need for careful interpretation in the context
of clinical findings. Despite its high sensitivity for
detecting HPV infection, PCR testing may yield false-
positive results, necessitating confirmatory testing, and
correlation with clinical and histopathological findings.

Therefore, in interpreting the results of HPV PCR
testing and cervical pap smear analyses, it is essential to
recognize the potential for both false positive and false
negative outcomes. False positives may occur due to
factors such as contamination during sample collection
or processing, cross-reactivity with non-target DNA,
or detection of transient HPV infections that may not
progress to cervical abnormalities (29,30). Conversely,

Case 2: High-grade squamous intraepithelial lesion (HSIL) with follow-up findings

These images represent the cellular and tissue-level changes associated with high-risk HPV infection, illustrating the progression
from cytologic findings to histopathologic confirmation. The IHC staining (Ki-67 and p16) visually emphasizes the proliferative
activity and HPV association in high-grade lesions.

Image 5. Pap smear image from a 52-year-old HPV-positive
woman showing high-grade squamous intraepithelial lesion
(HSIL), with hyperchromatic crowded cell groups, clearly
marked by an arrow (Papanicolaou stain, 400x)

Image 6. Follow-up cervical biopsy revealing cervical
intraepithelial neoplasia-3 (CIN-3), characterised by full-
thickness nuclear atypia (haematoxylin and eosin stain,
400x), alongside invasive squamous cell carcinoma. There are
clusters of epithelial cells with hyperchromatic nuclei and
irregular architecture, suggesting a high-grade squamous
intraepithelial lesion (HSIL)

Image 7. Ki-67 immunohistochemical stain showing a high
proliferation index, indicating active cellular turnover (200x)

Image 8. Strong and diffuse nuclear and cytoplasmic staining
for p16, an indicator of HPV-associated transformation,

which supports the diagnosis of HSIL and CIN-3 (200x)

458



Original research

EMH]J - Vol. 31 No. 07 - 2025

false negatives can arise from inadequate sampling,
low viral load below the detection threshold, or genetic
variations that affect primer binding in PCR assays (31).
Therefore, caution is needed in interpreting results,
and consideration should be given to corroborating
findings with clinical history, cytologic features, and
histopathologic examinations. Interpretation of pap
smear results should integrate additional factors such
as patient age, reproductive history, immunologic
status, and HPV vaccination status, which may
influence the likelihood of cervical dysplasia or cancer
development (32).

In addition to our primary findings, it is essential
to consider co-morbid and background factors that
may influence HPV infection risk and progression to
cervical abnormalities in our study population (33).
Age is a significant factor, because younger women
often experience transient HPV infections that may
resolve without intervention. In contrast, persistent
infections - which carry a higher risk of progression
to dysplasia or cancer - are more common in older age
groups (34). The immune status also plays a crucial role;
immunocompromised individuals, such as those with
HIV or autoimmune conditions, are more susceptible to
persistent HPV infections and, thus, at greater risk for
cervical pathology (35). Socioeconomic factors are equally
impactful, as individuals from lower socio-economic
backgrounds may face reduced access to regular
screening and HPV vaccination, heightening their risk
of undetected or untreated infections (36). Lifestyle
factors, particularly smoking, can also compromise local
immune responses in the cervix, potentially facilitating
HPV persistence and progression (37). Consideration of
these co-factors enables a more nuanced understanding
of HPV epidemiology and supports the development of
population-specific prevention strategies.

Study limitations

Despite the valuable insights gained from this study,
several limitations should be acknowledged. First, the
study was conducted at a single centre, which may
limit the generalisability of the findings to broader
populations. Future multicentre studies involving more
diverse patient demographics are needed to validate the
results and improve the external validity of the study.

Second, while PCR testing for HPV detection is
highly sensitive, it is also susceptible to false-positive
results. Although we attempted to mitigate this
limitation by confirming positive PCR results through
histopathologic examination, the possibility of false-
positive results cannot be entirely excluded. Therefore,
cautious interpretation of PCR results is essential and
further validation studies are recommended to assess the
accuracy of PCR testing across different clinic settings.

Third, our study focused primarily on the association
between HPV detection by PCR and cytologic findings
in cervical smears. While PCR testing offers valuable
information on HPV infection status, it does not capture

other important factors that may influence cervical
cancer risk, such as viral load and persistence. Future
studies incorporating additional HPV testing modalities,
such as viral load quantification and genotyping, would
provide a more comprehensive understanding of HPV-
related cervical pathology.

Fourth, histopathologic confirmation of cervical
abnormalities was not available for all patients, which
may have affected the accuracy of diagnostic com-
parisons. Another limitation is the absence of data
on HPV vaccination status, which may have influenced
both HPV detection rates and cytological outcomes.
Given the increasing prevalence of HPV vaccination
among many populations, future studies should explore
its impact on HPV prevalence and cervical pathology to
inform screening strategies and vaccination policies.

Despite these limitations, the study contributes
meaningful insights to the complex interplay between
HPV detection by PCR, cytologic findings in cervical
smears, and cervical pathology. Addressing the identified
limitations through further research will be critical to
enhancing our understanding of HPV-related cervical
disease and improving clinical management strategies
for populations at risk.

Recommendations

To enhance cervical cancer screening in Bahrain, a
comprehensive approach integrating HPV PCR testing
alongside pap smear screening is recommended.
This combined strategy can improve detection rates,
particularly in cases with negative or inconclusive
cytologic findings. Combining molecular diagnostics
with cytologic examination can enhance early detection
and improve patient management based on clinical
history and symptoms, because PCR may detect transient
infections that cytology may miss.

Future screening programmes should use broad-
spectrum HPV tests to detect a wide range of high-risk
genotypes beyond HPV 16 and 18. Tailoring screening
protocols based on age groups and implementing
educational campaigns to raise awareness about
screening benefits and limitations are essential. Quality
assurance measures in HPV PCR testing laboratories and
clear management guidelines for patients with positive
results, including normal cytology, are crucial. Continued
research into HPV epidemiology and the establishment
of robust surveillance programmes will inform evidence-
based screening and vaccination strategies, ultimately
reducing the burden of cervical cancer in Bahrain and
promoting women's health.

Conclusion

This study highlights the significance of integrating HPV
PCR testing with conventional pap smear screening for
effective cervical cancer detection in Bahraini women.
The high sensitivity of PCR testing for HPV highlights its
value as a tool for identifying cervical lesions, particularly
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Etude comparative du frottis vaginal et des tests d'amplification génique pour le
dépistage du papillomavirus humain a Bahrein
Résumeé

Contexte:Le cancer du col de l'utérus demeure une préoccupation de santé mondiale, en particulier dans les
pays a revenu faible ou intermédiaire (auxquels Bahrein appartient), ot l'infection par le virus du papillomavirus
humain (VPH) en est la principale cause.

Objectif : Comparer la précision diagnostique de l'examen cytologique (frottis vaginal) et de la détection moléculaire
du VPH a l'aide des tests d'amplification génique (PCR) dans l'identification des anomalies cervicales chez les femmes
a Bahrein.

Méthodes : Nous avons analysé rétrospectivement 320 échantillons de frottis provenant du laboratoire du Complexe
médical Salmaniya. Les résultats cytologiques ont été comparés aux résultats des tests PCR pour le VPH, en prenant
la PCR comme référence. La sensibilité, la spécificité ainsi que les valeurs prédictives positives et négatives ont été
calculées. Les analyses statistiques comprenaient des tests du chi-carré et des tests exacts de Fisher.

Résultats : Sur ces 320 échantillons, 56 (175 %) étaient positifs et 264 (82,5 %) négatifs au VPH. La PCR a montré
une sensibilité plus élevée (95,5 %) mais une spécificité modérée réduite (674 %), avec une valeur prédictive positive
pour la détection des lésions histopathologiques de 94,6 % et une valeur prédictive négative de 96,9 %. Les frottis
vaginaux ont permis d'identifier 575 % des échantillons comme négatifs pour les lésions intraépithéliales ou les
tumeurs malignes et 42,5 % pour les anomalies. Les cas positifs au VPH présentaient des taux cytologiques anormaux
plus élevés et des lésions confirmées par histopathologie pour certains d'entre eux, malgré des résultats cytologiques
normaux.

Conclusion : L'association de la PCR pour le VPH a un frottis vaginal améliore la détection du cancer du col de
I'utérus. Afin de réduire la charge de morbidité, il est recommandé de mettre en place des programmes de dépistage
adaptés en fonction des facteurs de risque individuels.
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