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Abstract

Background: Cervical cancer is a major cause of cancer-related mortality among women worldwide. Existing human

papillomavirus (HPV) detection methods, such as PCR and immunohistochemistry (IHC), face barriers related to cost,

infrastructure, and accessibility. Loop-mediated isothermal amplification (LAMP), a rapid, thermocycler-free nucleic acid

amplification technique, combined with lateral flow dipstick (LFD) readout, enables simple, visual DNA detection.

Objectives: This study developed and evaluated a novel LAMP-LFD assay to improve the detection of high-risk HPV16/18 in

clinical specimens, with the aim of providing a rapid, sensitive, and user-friendly diagnostic tool for use in local healthcare

settings.

Methods: Cervical specimens were collected from women attending a gynecology clinic who were clinically suspected of

having HPV16/18 infection, and DNA was extracted. HPV16/18 presence was initially confirmed by real-time PCR, which served as

the reference standard for HPV16/18 detection. Subsequently, LAMP reactions using HPV16/18-specific primers were performed,

and amplification products were detected using a molecular LFD system with gold-labeled antibodies. The same DNA samples

were then analyzed using the LAMP-LFD assay. The sensitivity and specificity of the LAMP-LFD assay were compared with those of

standard PCR methods. Diagnostic performance (sensitivity, specificity, predictive values, accuracy, and Cohen's kappa) was

calculated by comparing LAMP-LFD results with real-time PCR. Included samples had adequate volume and acceptable DNA

purity (A260/280 ratio: 1.8 - 2). All participants provided written informed consent. Exclusion criteria included sample

contamination, insufficient volume, low-quality DNA, lack of signed consent, or failure to meet quality control standards to

ensure sample integrity and reproducibility. Agreement between the LAMP-LFD assay and PCR was assessed using Cohen’s

kappa coefficient, with 95% confidence intervals calculated.

Results: Among the 50 clinical specimens, real-time PCR identified 20 HPV-positive and 30 HPV-negative specimens.

Compared with PCR, the LAMP-LFD assay detected all PCR-positive samples but yielded two false-positive results for HPV16,

resulting in high sensitivity (100%) and good specificity (93.3%). The specificity of the LAMP-LFD assay was also high, with

minimal cross-reactivity observed between HPV16 and HPV18 targets. Compared with conventional PCR, the LAMP-LFD assay
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provided a faster turnaround time, required less specialized equipment, and was suitable for point-of-care applications. The

sensitivity of LAMP is similar to or better than that of PCR (101 to 103 copies). LAMP specificity varies (67.5%-99.2%) and can be

lower than that of PCR. Overall, the LAMP-LFD assay demonstrated 100% sensitivity and 93.3% specificity compared with real-time

PCR.

Conclusions: The developed LAMP-LFD assay is a rapid, sensitive, and user-friendly method for detecting high-risk HPV16 and

HPV18 genotypes in clinical specimens. This approach has the potential to enhance HPV screening and cervical cancer

prevention, particularly in resource-limited settings where access to conventional molecular diagnostics is restricted. The

implementation of LAMP-LFD technology could facilitate timely diagnosis and management of HPV-associated diseases in local

hospitals and field studies.

Keywords: HPV16 and HPV18,  LAMP-LFD Assay,  Cancer,  Gold Nanoparticles

1. Background

Cervical cancer is the fourth most common cancer and

the fourth leading cause of cancer-related death among

women worldwide, accounting for approximately 7 - 8% of

all female cancer deaths. More than 85% of these deaths

occur in low-income and middle-income countries,

whereas developed countries have screening programs

that detect most precancerous lesions at various stages (1).

The primary known environmental cause of this cancer is

human papillomavirus (HPV), identified by Zur Hausen in

1976 as the principal cause of cervical cancer (2). Several

studies have demonstrated a significant association

between HPV infection and the development of

precancerous and cancerous changes in epithelial cells (2).

HPV is the most prevalent viral infection of the genital

tract, affecting young and sexually active individuals

equally (3, 4). Women with this infection and a normal

immune system typically take 15 to 20 years to develop

cervical cancer, whereas those with weakened immune

systems, such as those with untreated HIV infection, may

develop it in only 5 to 10 years (5). Additionally,

environmental risk factors for HPV persistence and cervical

cancer development include early sexual activity, frequent

intercourse, multiple sexual partners, oral contraceptive

use, smoking, and immunosuppressive medications (1).

The HPV family comprises more than 200 types of non-

enveloped viruses with double-stranded DNA that infect

cells of the skin, upper respiratory tract, and genital tract

(6). Approximately 40 HPV genotypes are present in the

genital tract and fall under the alpha papillomavirus group

(7). The most prevalent high-risk HPV genotypes globally

are HPV16 and HPV18 (8). Genital warts commonly occur

on the penis, scrotum, vulva, perineum, and perineal skin.

In men, HPV-16 is primarily linked to penile cancer,

whereas HPV-6 and HPV-11 are commonly associated with

genital warts (9).

Cervical cancer is increasing in developing nations

because of inadequate screening and higher HPV

prevalence (42.4% vs. 22.6% in developed countries) (10).

Studies have reported high HPV infection rates in Iranian

women with cervical cancer (77.4%) (11, 12). Although it is

the 12th most common cancer among Iranian women, it

remains a concern (13). Iranian men show 55.7% HPV

prevalence (14). Screening and HPV genotyping in low-

income countries without vaccination can improve public

health and reduce spread (15).

Existing HPV diagnostic assays, such as PCR,

immunohistochemistry (IHC), and Pap smears, have

substantial limitations, particularly in resource-limited

areas (16). PCR is costly, requires specialized equipment

and personnel, and has long turnaround times, making it

inaccessible in low-income countries where most cervical

cancer deaths occur. Cytology and IHC are less sensitive

and reproducible, are prone to subjective interpretation,

and perform poorly with some samples, often missing low

viral loads or leading to unnecessary follow-up. These

limitations contribute to insufficient screening and

delayed detection of high-risk HPV16 and HPV18, which

cause most cervical cancers (16).

To improve the early detection and prevention of

cervical cancer, there is a critical need for rapid, sensitive,

specific, and portable diagnostic tools suitable for point-of-

care use. Loop-mediated isothermal amplification

combined with lateral flow dipstick (LAMP-LFD) assays

offer a solution by providing isothermal amplification,

high analytical sensitivity (comparable to PCR), and rapid

visual results within 30 - 60 minutes (17). The dipstick

format, which uses gold nanoparticles, ensures portability

and user-friendly detection, even in low-resource settings.

A recent review comprehensively discussed the

pathogenesis, vaccination, and various detection methods
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for HPV16 and HPV18, with special emphasis on the

advantages of LAMP-LFD assays (18).

2. Objectives

This study developed and evaluated a novel LAMP-LFD

assay for HPV16 and HPV18, aiming to provide a cost-

effective, sensitive, and specific tool to overcome current

diagnostic limitations and support widespread screening

(19). The assay was validated using clinical cervical

specimens, including both HPV-positive and HPV-negative

samples, as determined by real-time PCR, which served as

the reference standard. This approach addresses key

limitations of conventional molecular diagnostics,

including the need for thermocyclers, long turnaround

times, and extensive infrastructure, thereby making it

suitable for resource-limited settings.

3. Methods

3.1. Patients and Sampling Method

Vaginal and cervical swab specimens were collected

from women attending gynecology clinics who were

suspected of HPV-16 and/or HPV-18 infection based on

clinical signs, symptoms, or risk factors. Real-time PCR was

used as the reference standard method for HPV detection

and genotyping. Samples with adequate volume and

acceptable DNA purity (A260/280 ratio between 1.8 - 2.0)

were included in the study. All participants provided

written informed consent for the use of their clinical

specimens. The study was approved by the Ethics

Committees of Shiraz University of Medical Sciences and

Tabriz University of Medical Sciences

(IR.TBZMED.REC.1401.022). Polyurethane or sterile nylon

swabs with plastic shafts were used to minimize

contamination risk and PCR inhibition. Samples were

collected in sterile, clearly labeled screw-cap tubes at Sina

Clinical Laboratory in the Alborz Central Laboratory.

Cervical epithelial cells were obtained by inserting the

swab into the cervical canal, and samples were

immediately placed in appropriate transport containers.

Inclusion in the study was based on clinical suspicion of

HPV infection and adequate sample purity, not on previous

PCR results. Exclusion criteria included sample

contamination, insufficient volume, low-purity DNA

(A260/280 ratio outside the acceptable range), lack of

signed informed consent, or failure to meet quality control

standards. These criteria ensured sample integrity and the

reliability of subsequent molecular analyses.

3.2. HPV DNA Samples and Positive Control Plasmids

The study assessed the sensitivity, specificity, and

efficiency of HPV genotype detection using positive

controls (plasmids, qPCR-verified DNA). The synthetic

plasmid was cloned and cultured. HPV positivity was

defined by E6/E7 amplification (visible gel bands or

positive qPCR), confirmed by size markers. The absence of

amplification, with successful internal controls, indicated

HPV negativity. Recombinant plasmid transfer involved

centrifugation and incubation on LB plates. Colony

screening on antibiotic media confirmed transformation,

and results were evaluated by gel analysis.

3.3. HPV LAMP Test and Product Detection

LAMP reaction efficiency depends on the specificity of

internal (FIP/BIP) and external (F3/B3) primers. Reactions

were performed in a 1X final volume with 10X isothermal

amplification Buffer II, MgSO4, dNTP mix, FIP/BIP and LF/LB

primers, Bacillus stearothermophilus (BST) 2.0 DNA

polymerase, 2 µL Calcein, 0.8 M DNA samples, 7.5% Betaine,

2.75 µL Dimethyl sulfoxide (DMSO), and nuclease-free

water, using distilled water as a negative control. LAMP

reactions were conducted at 60, 63, and 65 °C for 60

minutes in a buffer containing 10 mmol Tris-HCl, KCl,

RP/FP HPV16, RP/RF HPV18, dNTP, MgCl2, and 1 µL DNA with

Taq DNA polymerase. In positive reactions, LF and LB

primers (conjugated to Fluorescein isothiocyanate (FITC)

and biotin) incorporate both tags into amplicons,

generating a visible test line. The lateral flow device (LFD)

detection system includes a control line to validate

functionality. Molecular LFDs use capillary action through

a series of pads (sample, conjugate, detection, and

absorbent) to provide visible results. The sample wicks to

the conjugate pad, where antibody-labeled nanoparticles

bind the target analyte (if present). This complex migrates

to the detection pad, forming a colored test line (T-line) at

immobilized antibodies. A control line (C-line) confirms

sufficient sample flow, and the absorbent pad collects

excess fluid. LFDs are rapid, inexpensive, and portable, with

widespread use in medical diagnostics, food safety, and

environmental monitoring. However, their lower

sensitivity limits broader application. This study employed

LAMP with HPV16 and HPV18 genomic DNA and specific

primers to evaluate DNA purity, which was initially

confirmed by gel electrophoresis.

3.4. Specificity and Sensitivity Testing
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Sample authenticity was verified by sequencing at

Macrogen Korea and comparing sequences using NCBI

MEGABLAST. Plasmids were excluded from sequencing

confirmation because their unique genotypes had been

previously validated. Statistical analyses were performed

using SPSS version 16. Diagnostic performance was

evaluated by calculating sensitivity, specificity, positive

predictive value (PPV), negative predictive value (NPV),

overall accuracy, likelihood ratios (LR+ and LR−), and

Cohen's kappa coefficient with corresponding 95%

confidence intervals. Analytical sensitivity was evaluated

using serial dilutions of plasmid and DNA samples, with a

positive control in each assay to determine the detection

limit. Test results were validated against PCR and gel

electrophoresis (20, 21). Test accuracy, defined as the ratio

of true positives and true negatives, reflects its ability to

differentiate between patients and negative specimens

(22).

3.5. Synthesis of Gold Nanoparticles and pH Determination

To synthesize gold nanoparticles (AuNPs), an aqueous

chloroauric acid (HAuCl4) solution was heated to near

boiling. Sodium citrate was vigorously stirred in to reduce

and cap the nanoparticles, and the color change was

observed (typically to ruby red). The pH was adjusted to 7.0

- 9.0 with 0.1 M NaOH or HCl and continuously monitored

to control particle size and stability. After synthesis, the

AuNPs were cooled and characterized. Consistent pH

monitoring and documentation are crucial for

reproducibility, quality control, and scalability. Optimal

pH determination involves pH titrations and particle

stability assessment via dynamic light scattering (DLS) or

zeta potential measurements (23), aiming for enhanced

stability and reduced size. This includes creating a pure

antibody concentration gradient in ELISA and adjusting

the pH along it with potassium carbonate.

3.6. Conjugation of Anti-FITC Antibodies with Gold Nanoparticles

Gold nanoparticles are suitable for biosensors because

of their electronic, magneto-optical, and catalytic

properties (24). Antibodies and gold nanoparticles were

combined in solution for 20 minutes at room temperature

and then centrifuged. The supernatant was replaced with

PBS buffer, centrifuged again, and the resulting solution

was dissolved in 2 mL of PBS buffer to prepare strips.

3.7. Removal of Unbound Antibodies from the Medium

Unbound antibodies were separated from the sediment

by centrifugation. Alternatively, a molecular lateral flow

dipstick (LFD) may remove unbound antibodies (25). In

this method, gold nanoparticles bind to specific labeled

probes, and unbound antibodies are absorbed by the pad,

preventing interference with lateral flow. Conjugating anti-

FITC antibodies to gold nanoparticles enhanced efficiency

and sensitivity. Transmission electron microscopy (TEM),

UV, and zeta potential analyses confirmed antibody

binding to the gold nanoparticles.

3.8. Lateral Flow Dipstick Construction

To construct lateral flow dipsticks, several components

were prepared: the sample pad, absorbent pad, conjugate

pad, bulk pad, and test pad. All components except the

absorbent pad were buffered and incubated overnight. The

absorbent pad was then placed on the detection pad for the

test and control lines (26). To improve sensitivity in

molecular lateral flow tests, a mass pad is integrated

between the conjugate and test pads. This enhances signal

detection through various methods such as membrane

dialysis, 2D/3D paper membranes, and fluid flow

management shapes, although these can complicate

fabrication and sample delivery (26). This study proposes

using a mass pad in a gold nanoparticle-based molecular

lateral flow assay to capture antibodies and labeled probes,

thereby increasing detection sensitivity. Molecular lateral

flow dipsticks for HPV16 and HPV18 detection were created

using nitrocellulose paper, with gold nanoparticle-

conjugated antibodies on both test and control strips.

Twenty microliters of LAMP samples with varying

concentrations of HPV16 and HPV18 DNA were applied.

Ethical considerations regarding patient demographics or

laboratory animals were not necessary because plasmid or

laboratory samples were used.

3.9. Data Analysis and Descriptive Information

Statistical analyses were performed using SPSS version

16. Agreement between the LAMP-LFD assay and real-time

PCR was assessed using Cohen's kappa coefficient, and

diagnostic performance indices were calculated with 95%

confidence intervals. Participant characteristics, including

age, height, weight, and BMI, are presented in Table 1.

The performance of the developed LAMP-LFD assay was

evaluated using 50 clinical cervical specimens collected

from women suspected of HPV16/18 infection. Real-time

PCR was used as the reference (gold standard) method for

HPV detection and genotyping. As shown in Table 2, among

https://brieflands.com/journals/apid/articles/164216


Kargar F et al. Brieflands

Arch Pediatr Infect Dis. 2027; 15(1): e164216 4

Table 1. The Demographic Information

Variables Woman (n = 29) Man (n = 21) Total (n = 50)

Age (y) 39.59 ± 5.38 37.62 ± 4.54 38.66 ± 5.07

Height (cm) 162.31 ± 3.55 174.36 ± 5.54 167.62 ± 7.71

Weight (kg) 58.17 ± 8.36 68.90 ± 9.22 62.68 ± 10.17

BMI 22.09 ± 3.19 22.46 ± 2.31 22.24 ± 2.84

Table 2. Descriptive Information Related to Variables Including False Negatives, False Positives, Number of Negatives by LAMP Assay, Number of
Negatives by RT-PCR Assay, Number of Positives by LAMP Assay, Number of Positives by RT-PCR Assay

Variables False negatives False positives LAMP-LFD Negative RT-PCR negatives LAMP-LFD positives RT-PCR positives

Genotype 16 (30 people) 0 2 11 13 19 17

Genotype 18 (20 people) 0 0 17 17 3 3

Total (50 people) 0 2 28 30 22 20

the 30 specimens tested for HPV16, real-time PCR identified

17 positive and 13 negative cases. The LAMP-LFD assay

detected 19 positives, resulting in two false-positive results

and no false negatives in this group. For the 20 specimens

tested for HPV18, both methods showed complete

agreement, identifying 3 positive and 17 negative cases with

no false-positive or false-negative results. Overall, real-time

PCR identified 20 positive specimens, while the LAMP-LFD

assay identified 22 positives across all 50 specimens. The

demographic characteristics of the study participants are

summarized in Table 1. The purity of extracted DNA

(A260/280 ratio) was consistently within the acceptable

range of 1.8 - 2.0 for all analyzed samples.

4. Results

4.1. Genomic DNA and Plasmid-Positive Samples

All extracted DNA samples met the predefined purity

criteria and were included in subsequent analyses. Viral

DNA purity (A260/280 ratio) consistently fell within the

acceptable range of 1.8 - 2. Positive control plasmids

containing the complete HPV16 and HPV18 genomes were

validated by PCR using specific and universal (MY09/11)

primers targeting the E7 gene regions (Figures 1-3 in

Supplementary File). Separate primers for the HPV16 and

HPV18 E6 and E7 gene regions were designed using Primer

Explorer software (Table 3) and confirmed by 1% agarose gel

electrophoresis to produce the expected band sizes. After

verifying primer accuracy and adhering to safety protocols,

optimal consumable volumes for the LAMP technique were

determined. Temperature and time gradients were applied

to optimize LAMP performance, thereby establishing the

optimal conditions (Table 3).

4.2. DMSO Optimization

Dimethyl sulfoxide inhibits the formation of secondary

DNA structures and was added to the reaction components

to minimize interference. DMSO is also beneficial in the

LAMP technique for primers with long lengths and high

GC content, helping to reduce secondary structure

formation. A major drawback of the LAMP technique is the

risk of false-positive results. To prevent this, DMSO was

incorporated at optimal concentrations of 5%, 7.5%, 10%, and

7.5% (Figure 1A).

4.3. dNTP and Primer Optimization

For a final volume of 25 µL, B3/F3 to BIP/FIP primer ratios

of 1:1, 1:2, 1:3, and 1:4 were tested, with 1:4 identified as the

optimal ratio (Figure 1B).

In a final volume of 25 µL, various dNTP volumes were

tested: 1 µL, 15 µL, 12 µL, 2.5 µL, 3 µL, and 3.5 µL, with 3.5 µL

ultimately selected (Figure 1C).

The results of the LAMP technique for HPV16 and HPV18

samples, based on temperature and time gradients and the

optimization of primers, DMSO, and dNTP, are shown in

Figure 1D.

4.4. Comparison of LAMP Technique With PCR

Conventional PCR was performed to co-amplify HPV16

and HPV18 in a 50 µL reaction, as detailed in Table 4, for

comparison with the LAMP-LFD assay. Deionized water
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Table 3. Specific Primer Sequences for the HPV LAMP Test

Primers and Fragment Lengths (bp) Sequence Target area

HPV16 E7

21 (F3) GGAACAACAATTAGAACAGCA

18 (B3) CGTGTTCTGATATCTGCA

50 (FIP) ACACAGTGGCTTTTGACAGTTATACAACAAACCGTTGTGTGACTGGAACA

38 (BIP) CTGAAGAAGCAAAGACATCACAAGACATACATCGACCG

20 (Probe) TTGTTTAAAGTGTGATCTAC

HPV18 E7

20 (F3) CATAGAACTGTGTATATTGC

20 (B3) AGTTTTTCCAATGTGTCTCC

42 (FIP) CGGTATACTTCTCTATACACCAAACATATTAACTTACAGAGG

41 (BIP) CATGCTGCATAAATATAGATACACAGAGTCTGAATAATGTC

20 (Probe) CTCAGCACTCGACCTTCGAG

Figure 1. A, DMSO Optimization in HPV16 and HPV18; B, Optimization of primers concentration in HPV16 and HPV18 samples; C, dNTP optimization in
HPV16 and HPV18 sample; D, Optimal result of LAMP technique.

served as the negative control. PCR products were verified

by loading 5 µL onto a 2% agarose gel in 1X TBE buffer and

running the gel at 120 V for 60 minutes (Table 4).

4.5. Validation of Real-Time PCR

The detection limit of the real-time PCR method was

determined using 100-fold dilutions of input DNA.

Amplification plots for each HPV type included E2 and E6/7

plasmid DNA. The crossing points for real-time PCR varied

from 1010 to 1 copy for HPV-16 E6/E7 DNA. The standard

curve demonstrated a dynamic linear range for

quantification across the dilution concentrations (Figure

2).

4.6. Synthesis of Gold Nanoparticles

Citrate functions as both a stabilizing and reducing

agent. In 1951, Turkevich pioneered the in-situ synthesis of

gold nanoparticles (AuNPs) by reducing HAuCl4 with

citrate, a method still widely used today. Slot later

introduced a technique using a tannic acid/citrate

solution, in which tannic acid acts as the reducing agent,

producing AuNPs at 60 °C. Nathan's team developed a

method that used citrate as a stabilizer and NaBH4 as the

reducer, yielding AuNPs of 6 nm, significantly smaller than

the over 20 nm particles produced by the traditional

Turkevich method. To synthesize gold nanoparticles, a one-

millimolar solution of HAuCl4 was prepared, initially

appearing yellow. Upon the addition of sodium citrate and

boiling, the solution turned dark red, indicating the

formation of gold nanoparticles. The process yielded

spherical nanoparticles with diameters of 10 - 30 nm.

Higher citrate concentrations promoted nucleation,
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Table 4. Composition of the PCR Reaction Mixture Used for Comparison with the LAMP-LFD Assay

Component Final Concentration Volume (in 50 µL Reaction)

10X PCR Buffer (Tris-HCl) 1X 5 µL

KCl 50 mM -

Forward/Reverse primers HPV16 160 nM each -

Forward/Reverse primers HPV18 80 nM each -

dNTP mix 0.2 mM each -

MgCl2 2 mM -

Taq DNA polymerase 1.5 U -

DNA template - 1 µL

Nuclease-free water - Up to 50 µL

Total reaction volume - 50 µL

Figure 2. real-time PCR for human papillomavirus (HPV) DNA. Typical amplification plots obtained by real-time PCR for the 7-point series
concentration of HPV-16 E6/7. The x-axis denotes the cycle number and the y-axis the fluorescence intensity over the background.

resulting in smaller, more monodisperse particles, whereas

lower concentrations slowed nucleation, leading to larger,

more nonuniform gold nanoparticles. For the optimal

synthesis of 30 - 15 nm gold nanoparticles, 200 - 400 µL of

the gold salt solution was used at pH 10 and 50°C for 4 - 24

hours. These conditions are vital for preparing samples for

Zeta potential, TEM, DLS, and UV analyses.

4.7. UV and FTIR Analysis Results

A spectrophotometer was used to confirm the presence

of gold nanoparticles by measuring their absorption at

different wavelengths. A 1 mL solution of 0.1 mg/mL gold

nanoparticles was centrifuged, the supernatant was

discarded, and 100 µL of K-PBS solution was added. Optical

absorption was then measured, showing an absorption

band at 519 nm, which confirms the presence of gold

nanoparticles (Figure 3A).

Infrared spectroscopy analysis of the protein coating on

gold showed increased peaks for amide groups I, II, and III

compared with the bare gold sample, confirming the

presence of protein. The peak at 1639 cm corresponds to

amide I (primary amide group of proteins (-CO-NH2)).

Additionally, peaks at 1546 cm-1 (N-H bending vibration/C-

N stretching vibration) and 1240 cm-1 (C-N stretching

vibration/N-H bending vibration) are attributed to the
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Figure 3. A, Absorption spectrum of gold nanoparticles at 519 nm wavelength (a) and after binding of anti-FITC antibody (b); B, The FT-IR of
nanoparticle sample (a), nanoparticle, and antibody (b).

amide II band (secondary amide group of proteins (-CO-

NH)) and the amide III bond, respectively. Peaks around

3300 cm-1 (3388 and 3343) are associated with N-H bending

vibration (Figure 3B).

4.8. DLS Analysis

The gold nanoparticles were analyzed using DLS with a

Zetasizer, showing an approximate diameter of 100 nm

(Figure 4 in Supplementary File). Diagram b illustrates that

after binding with anti-FITC antibodies, the distribution of

the synthesized gold nanoparticles widened, with an

average size of 2000 nm. The nonparametric and paired-

samples test results for HPV16 and HPV18 are shown in

Figure 4A-D.

4.9. Zeta Potential and TEM Analysis

The synthesized gold nanoparticles exhibited an

electric charge of -34.8 mV, indicating repulsion that

prevents aggregation and promotes stability. TEM analysis

showed that the nanoparticles ranged in size from 2 to 10

nm and had spherical and polyhedral shapes. Citrate

reduction of HAuCl4 produced gold particles with a

diameter of 15 nm. Scanning electron microscopy

confirmed their size and dispersion, with an average

diameter of approximately 20 nm (Figure 5 in

Supplementary File).

4.10. Statistical Analysis

Statistical analyses were performed using SPSS version

16 (IBM Corp., Armonk, NY, USA). The diagnostic

performance of the LAMP-LFD assay was evaluated using

real-time PCR as the reference standard. Sensitivity,

specificity, positive predictive value (PPV), negative

predictive value (NPV), overall accuracy, positive and
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Figure 4. Nonparametric Tests - Categorical Field Information VAR00002 (A HPV16 and B HPV18). t-Test - Paired Samples Test (C HPV16 and D HPV18).

negative likelihood ratios (LR+ and LR−), and Cohen's

kappa coefficient were calculated together with their

corresponding 95% confidence intervals.

4.11. Molecular Lateral Flow Dipstick Design for Detection of
HPV16 and HPV18

To conjugate anti-FITC antibody with gold

nanoparticles, pH and antibody concentration gradients

were established in a 96-well ELISA plate. Each well

received 100 µL of the gold solution, which was incubated

for 10 minutes at room temperature, followed by the

addition of 100 µL of sodium chloride M1. Wells that

remained red indicated successful conjugation. The sample

pad, made of cellulose, was cut to 4 mm x 15 mm. The

conjugate pad, consisting of synthetic polyolefin or Glass

Fiber Membrane, was sized at 4 mm x 13 mm (27). After

cutting the Glass Fiber Membrane, the conjugate pad was

soaked in a special buffer at room temperature for 24 hours

before applying a mixture of gold nanoparticle solution

and anti-FITC antibody. A bulk pad enhances antibody-

probe interaction, with materials such as polyester,

cellulose, and glass fiber available in 4 mm x 4 mm size. The

detection pad, made of nitrocellulose, contains test and

control lines created by applying avidin and goat anti-

mouse IgG monoclonal antibodies. The absorbent pad,

resembling flat paper, is made from cellulose fiber,

measuring 4 mm x 18 mm and approximately 0.5 mm thick,

and is designed to absorb sample residue in the lateral flow

device. At this stage, the test strip was constructed using

anti-FITC-coated nitrocellulose paper linked with gold

nanoparticles. Individual DNA concentrations (1010, 109,
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Figure 5. Developing a test strip with nitrocellulose paper coated with anti-FITC antibody linked to gold nanoparticles for LAMP sample identification

109, 108, 107, 106, 105, 104, 103, 102, 101, and 100) from HPV16

and HPV18 were then prepared, and 120 µL of each

concentration was added to the strip. The assay cut-off was

established to effectively detect HPV16 and HPV18 (Figure

5).

4.12. Sensitivity Test of the LAMP Method

The sensitivity test showed that the LAMP method

performed very well for detecting HPV types 16 and 18. The

results were the same as those of the standard real-time

PCR test. As shown in Table 5, the sensitivity was 100% (1.0)

for type 16, type 18, and for both types together. This

indicates that the test correctly identified all positive cases

and that no false negatives occurred. The confidence

intervals also support this strong performance. Although

the range for type 18 was wider (because the sample size

was small), the overall results still indicate high accuracy.

These findings suggest that the LAMP-LFD assay has high

sensitivity for detecting HPV16 and HPV18 in the present

study and may represent a promising screening approach.

Further validation in larger populations is warranted.

4.13. LAMP Specificity Test

The specificity test results showed that the LAMP

method performed well in detecting HPV genotypes 16 and

18 compared with the standard real-time PCR method. As

shown in Table 6, the specificity for genotype 18 was 100%

(1.00), indicating that the method correctly identified all
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Table 5. Diagnostic Sensitivity of the LAMP-LFD Assay for HPV16 and HPV18 Detection

HPV Genotype True Positives False Negatives Sensitivity (%) 95% CI

HPV16 17 0 100.0 80.5 - 100.0

HPV18 3 0 100.0 29.2 - 100.0

Overall 20 0 100.0 83.2 - 100.0

Table 6. Diagnostic Specificity of the LAMP-LFD Assay for HPV16 and HPV18 Detection

HPV Genotype True Negatives False Positives Specificity (%) 95% CI

HPV16 11 2 84.6 54.5 - 98.1

HPV18 17 0 100.0 81.5 - 100.0

Overall 28 2 93.3 77.9 - 99.2

Table 7. Diagnostic Accuracy of the LAMP-LFD Assay

HPV Genotype Correct Classifications Total Samples Accuracy (%) 95% CI

HPV16 28 30 93.3 77.9 - 99.2

HPV18 20 20 100.0 88.1 - 100.0

Overall 48 50 96.0 86.3 - 99.5

negative specimens and produced no false‑positive results

in this group. For genotype 16, the specificity was 84.6%

(0.846), which was slightly lower. This was due to two

false‑positive cases in which the standard method showed

negative results but the LAMP test reported positive.

However, the 95% confidence intervals indicate that the

specificity remained acceptable. For genotype 16, the range

was 54.5 - 98.1%, and for both genotypes combined, it was

77.9 - 99.2%. Overall, the total specificity of the LAMP

method was 93.3% (0.933), which is high. The lower limit of

the confidence interval in the total population (77.9%) also

suggests that the true specificity of the test is likely above

77%. These findings indicate good specificity of the LAMP-

LFD assay in the study population, although additional

validation in larger cohorts is required.

4.14. Accuracy Test of the LAMP Method

As shown in Table 7, the accuracy of the LAMP method

was 100% (1.00) for genotype 18 and 93.3% (0.933) for

genotype 16. The 100% accuracy for genotype 18 indicates

that the results of all 20 samples completely matched those

of the real-time PCR method. The accuracy of 93.3% for

genotype 16 was due to two false-positive (FP) results

among 30 samples. The 95% confidence interval also

supports the high accuracy of the method: for genotype 16,

it ranged from 77.9% to 99.2%, and for genotype 18, from

88.1% to 100%. Overall, the total accuracy of the LAMP

method was 96% (0.960), which is high. The lower bound

of the overall confidence interval (86.3%) indicates that,

with high confidence, the true accuracy of the kit in the

population is above 86%. Therefore, the research

hypothesis regarding the acceptable accuracy of the LAMP

method is confirmed, indicating that this kit has a strong

ability to correctly identify both positive and negative

cases.

4.15. Predictive Results of the LAMP Method

The results showed that the LAMP test performed well

for detecting HPV types 16 and 18. As shown in Table 8, the

negative predictive value (NPV) was 100% for HPV16, HPV18,

and the overall dataset. In this study population, no false-

negative results were observed. However, these findings

should be interpreted in the context of the study sample

size and HPV infection prevalence. The positive predictive

value (PPV) also indicated strong performance: for type 18,

the PPV was 100%, with all positive results being correct

and no false positives. For type 16, the PPV was 89.5%; this

lower value reflected two false‑positive results, indicating

that some positive results might not be true positives.

When all 50 samples were considered together, the PPV was
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Table 8. Predictive Values of the LAMP-LFD Assay

HPV Genotype PPV (%) 95% CI NPV (%) 95% CI

HPV16 89.5 66.9 - 98.7 100.0 71.5 - 100.0

HPV18 100.0 29.2 - 100.0 100.0 81.5 - 100.0

Overall 90.9 70.8 - 98.9 100.0 87.8 - 100.0

90.9%, which remains high. The 95% CI values also support

the reliability of these results, although the range for type

16 is wider because the sample size was small.

4.16. Positive and Negative Test Accuracy

In Table 9, the negative test value (LR–) was 0 for both

types and overall. The negative likelihood ratio (LR−) was 0

for both HPV16 and HPV18 because no false-negative results

were observed in this study. This finding indicates

excellent rule-out performance within the studied sample,

although the estimate should be interpreted cautiously

given the limited sample size. For positive results (LR+),

the LR+ for type 18 was infinity (∞) because there were no

false positives. For HPV18, the positive likelihood ratio

(LR+) approached infinity because no false-positive results

were observed in this dataset. This finding indicates very

strong evidence supporting HPV18 infection following a

positive test result within the study population. For type

16, the LR+ was 6.5, indicating good, although not perfect,

performance; it increases the likelihood of true HPV

infection, but two false positives occurred. Overall, the LR+

(for all samples) was 15, indicating that the test performs

very well in identifying truly infected individuals.

4.17. Kappa Coefficient

The results showed that the two tests agreed very well

for detecting HPV types 16 and 18. In Table 10, the kappa

value was 0.862 for type 16 and 1.000 for type 18. Both values

are very high, indicating that the two tests yielded nearly

identical results. When all samples were assessed together,

the total kappa was 0.918, which is also very strong. Cohen's

kappa coefficients demonstrated excellent agreement

between the LAMP-LFD assay and real-time PCR for HPV16

(κ = 0.862), HPV18 (κ = 1.000), and the overall dataset (κ =

0.918). These high Cohen's kappa values indicate excellent

agreement between the LAMP-LFD assay and real-time PCR

in this study population.

5. Discussion

Genital wart treatments address cosmetic concerns or

remove precancerous lesions, as there is currently no cure

for HPV infection itself (28). Therefore, increased screening

is essential to reduce cervical cancer, particularly among

underscreened women. Most vaccine side effects are mild

and localized; however, vaccination should be deferred

during an acute febrile illness. Mild respiratory or GI

infections are not contraindications. A severe allergic

reaction to the first dose precludes additional doses. HPV

vaccination during pregnancy is not recommended

because of limited data, although no adverse effects have

been observed (29). If pregnancy occurs during the

vaccination series, remaining doses should be postponed

until after delivery. We used real-time PCR, a precise and

sensitive method that detects as few as 50 copies of

integrated HPV DNA, to measure HPV-16 and -18 viral loads

(30). In this diagnostic accuracy study, real-time PCR was

used as the predefined reference standard, and the

performance of the LAMP-LFD assay was evaluated against

PCR results obtained from the same clinical specimens.

Gold nanoparticles are an attractive labeling agent in

biotechnology because they are readily produced and can

bind to a variety of biomolecules (31). They can be linked to

antibodies in three ways (32). First, nanoparticles are

coated with citrate, a stabilizing agent that gives them a

negative charge and prevents aggregation in solution (33).

The first binding mechanism involves hydrophobic

interactions between regions of the antibody and the

nanoparticle surface, creating a non-fusion bond. The

second mechanism relies on electrostatic interactions

between positively charged amino acids on the antibody

and the negatively charged citrate layer (34). The third

mechanism forms a fusion bond with the free sulfhydryl

groups of antibodies. This study specifically used the

sulfhydryl-group conjugation method, successfully linking

citrate-coated gold nanoparticles to anti-FITC antibodies.

Our LAMP-LFD assay for HPV16 and HPV18

demonstrated high sensitivity and rapid turnaround,

consistent with previous studies reporting that LAMP-LFD

can outperform conventional nested PCR in sensitivity and

speed (35). The effectiveness of LAMP in rapidly and
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Table 9. Likelihood Ratios of the LAMP-LFD Assay

HPV Genotype Positive Likelihood Ratio (LR+) Negative Likelihood Ratio (LR−)

HPV16 6.50 0.00

HPV18 ∞ 0.00

Overall 15.00 0.00

Table 10. Agreement Between the LAMP-LFD Assay and Real-Time PCR

HPV Genotype Cohen's κ Interpretation P-Value *

HPV16 0.862 Almost perfect agreement < 0.001

HPV18 1.000 Perfect agreement < 0.001

Overall 0.918 Almost perfect agreement < 0.001

*P-values correspond to the significance of the z-test for Cohen's kappa, testing whether the agreement between the LAMP-LFD assay and real-time PCR
was significantly above chance level (one-tailed test).

accurately identifying clinical isolates has also been

established for other bacterial pathogens, such as Nocardia

species, underscoring its adaptability and reliability across

infectious diseases (36). Similar LAMP-based methods have

been used for rapid detection of other viruses, such as

Crimean Congo Hemorrhagic Fever Virus, further

supporting the strength and versatility of isothermal

amplification techniques in point-of-care diagnostics (37).

However, as observed in other reports, specificity was

somewhat lower, with some HPV-negative samples yielding

positive LAMP-LFD results. Further qPCR analysis of

discordant samples indicated that most were true

positives, likely reflecting the higher analytical sensitivity

of LAMP-LFD compared with conventional PCR (35). This

finding suggests that LAMP-LFD may be particularly

valuable for detecting low-copy HPV infections that might

be missed by other methods. Compared with other rapid

detection platforms, such as electrochemical LAMP and

nanoparticle-based colorimetric assays (38), our LAMP-LFD

approach offers a balance of simplicity, speed, and

sensitivity, making it well suited for use in low-resource or

field settings. Nevertheless, the risk of cross-contamination

inherent to isothermal amplification methods should be

addressed, for example, by incorporating uracil DNA

glycosylase (35).

In the present study, the LAMP-LFD assay demonstrated

an overall sensitivity of 100% and an overall specificity of

93.3% compared with real-time PCR. Sensitivity reached

100% for both HPV16 and HPV18, whereas specificity was

84.6% for HPV16 and 100% for HPV18. The two false-positive

HPV16 results reduced overall specificity but did not affect

sensitivity because no false-negative results were observed.

These findings are consistent with previously published

LAMP-based assays, which have reported sensitivities

ranging from 95% to 100% and specificities between

approximately 70% and 100%, depending on primer design,

specimen type, and reference standard (35, 38). The

nanoparticle-based assays presented intermediate

specificity, ranging from 78% to 87%. The LAMP-LFD assays,

both in this study and in previously published reports,

provided results within 30 to 45 minutes, whereas PCR

methods required approximately 2 to 3 hours to complete.

The nanoparticle-based tests were the fastest overall,

producing results in less than one hour. Regarding

equipment requirements, both this study’s LAMP-LFD and

the published LAMP-LFD platforms required only minimal

laboratory instrumentation, whereas PCR analysis

remained dependent on laboratory-based equipment (35,

38). The nanoparticle-based method also required minimal

equipment, making it comparable in simplicity to the

LAMP-LFD approaches. Finally, regarding field

applicability, both this study and the previously reported

LAMP-LFD systems demonstrated suitability for on-site or

low-resource settings, similar to the nanoparticle-based

assays. In contrast, PCR-based detection required complex

equipment and controlled conditions, limiting its

suitability outside laboratory environments.

Molecular lateral flow is a straightforward diagnostic

device that provides observable results by facilitating the

movement of a labeled analyte through membranes. In

this test, the sample travels from the sample pad to the

conjugate pad via capillary action. This method employs a
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conical network of fiber pads to generate visible results.

Molecular lateral flow is simple, rapid, inexpensive, and

portable, making it suitable for medical experiments, food

safety, and environmental analysis. However, its low

sensitivity limits its application.

This study successfully designed a cost-effective, rapid,

and highly sensitive LAMP-LFD assay for detecting HPV16

and HPV18, suitable for field or low-resource settings

because it does not require a thermocycler and provides

easily interpretable colorimetric results. The 30 - 45 min

reaction time represents a substantial improvement over

conventional PCR assays. The assay demonstrated

diagnostic performance comparable to real-time PCR

under the conditions evaluated in the present study. Gold

nanoparticles enhanced signal visualization and reliability,

while optimized pH, DMSO, and primer ratios ensured

high amplification efficiency and stability. The system is

user-friendly, portable, and well suited for rapid

preliminary screening in settings with limited laboratory

infrastructure. Ethical approval and standardized sampling

strengthened the validity of the clinical results. Internal

controls, sequencing, and real-time PCR confirmed result

consistency and reproducibility. Limitations include

moderately reduced specificity compared with PCR, likely

due to LAMP’s higher analytical sensitivity and

contamination potential. The absence of uracil-DNA

glycosylase increased the risk of false positives. Limited

funding restricted the molecular lateral flow dipstick (LFD)

to a single test line. The relatively small sample size may

limit generalizability. Some plasmid-positive controls

lacked independent verification, potentially introducing

bias. Extensive manual calibration during optimization

reduces scalability. Reagent procurement challenges

delayed experimental replication. Nanoparticle synthesis

requires controlled pH and temperature, potentially

hindering reproducibility in resource-limited laboratories.

Finally, although efficient for HPV16/18, the assay’s

applicability to other high-risk HPV genotypes requires

validation through larger studies. Due to Iran’s economic

conditions, a modest budget was allocated for this study.

However, additional financial backing was essential for

production work. Currency fluctuations, budget

constraints, and the need for multiple repetitions made

procurement of the required method comparison kits

time-consuming. Economic challenges and limited

funding also restricted the molecular lateral flow dipstick

(LFD) design to a single test line for HPV16 and HPV18

detection, rather than the originally intended two test

lines plus a control line.

5.1. Conclusions

Existing treatments for genital warts and precancerous

lesions remove lesions but do not eliminate HPV,

underscoring the need for improved antiviral therapies.

Enhanced screening, particularly in underserved

communities, is crucial for reducing cervical cancer rates.

Although HPV vaccination is safe, contraindications and

special conditions, such as pregnancy, require careful

consideration. Innovative technologies, such as gold

nanoparticles, offer promising advances in HPV

diagnostics. Although molecular lateral flow tests are

simple and affordable, their sensitivity requires

improvement. Continued research and public health

initiatives are vital to improve HPV management and

decrease cervical cancer incidence. Our findings support

LAMP-LFD as a rapid, cost-effective, and sensitive tool for

HPV16/18 detection, with the potential to improve cervical

cancer screening, particularly in resource-limited settings.

Future large-scale studies comparing it with other rapid

assays will clarify its clinical utility.

Acknowledgements

The authors would like to thank Dr. Abbas Karimi for

supporting this project. This research is a component of

the PhD dissertation by Ms. Farzane Kargar, with support

from Tabriz University of Medical Sciences and Shiraz

University of Medical Sciences.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal
website and open PDF/HTML].

Footnotes

AI Use Disclosure: The authors declare that no generative

AI tools were used in the creation of this article.

Authors' Contribution: Writing-original draft,

methodology, investigation, formal analysis: F. K.;

Conceptualization, data curation, supervision, writing-

original draft: M. R.; Writing-Editing, writing-review draft,

validation, supervision, data curation, conceptualization:

https://brieflands.com/journals/apid/articles/164216
https://apid.brieflands.com/cdn/dl/9ad10154-ab45-11f1-9899-6fe34a206ceb


Kargar F et al. Brieflands

Arch Pediatr Infect Dis. 2027; 15(1): e164216 14

M. J.; Writing-review & editing, writing-original draft,

supervision, data curation, conceptualization: M. M.;

Conceptualization, data curation, supervision: A. S. D.;

Writing – review & editing, Visualization, Supervision,

Investigation, Conceptualization: M. M. Visualization,

Validation, Supervision, Methodology: A.V

Conflict of Interests Statement: The authors declare no

conflict of interest.

Data Availability: Data are available from the

corresponding author on reasonable request, either during

manuscript submission or after publication.

Ethical Approval: The study was approved by the Ethics

Committee of Shiraz University of Medical Sciences under

the ethical approval code of IR.SUMS.REC.1401.636

Funding/Support: This research is a component of the

PhD dissertation by Ms. Farzane Kargar, with support from

Tabriz University of Medical Sciences and Shiraz University

of Medical Sciences.

Informed Consent: All participants provided written

informed consent. Exclusion criteria included sample

contamination, insufficient volume, low-quality DNA, lack

of signed consent, or failure to meet quality control

standards, ensuring sample integrity and reproducibility.

References

1. Chan CK, Aimagambetova G, Ukybassova T, Kongrtay K, Azizan A.

Human papillomavirus infection and cervical cancer: epidemiology,

screening, and vaccination-review of current perspectives. Journal of

Oncology. 2019;2019:1-11. [PubMed ID: 31687023]. [PubMed Central ID:

PMC6811952]. https://doi.org/10.1155/2019/3257939.

2. Franco EL, Bosch FX. Proving the causal role of human papillomavirus in

cervical cancer: a tale of multidisciplinary science. Human

Papillomavirus: Elsevier; 2020. p. 131-147. https://doi.org/10.1016/B978-

0-12-814457-2.00008-8.

3. Thompson AB, Flowers LC. Human papillomavirus (HPV). Sexually

Transmitted Infections in Adolescence and Young Adulthood: A Practical

Guide for Clinicians. 2020:279-297. https://doi.org/10.1007/978-3-030-

20491-4_18.

4. Kaliterna V, Barisic Z. Genital human papillomavirus infections.

Front Biosci (Landmark Ed). 2018;6(9). 4662. [PubMed ID: 29293452].

https://doi.org/10.2741/4662.

5. Castle PE, Einstein MH, Sahasrabuddhe VV. Cervical cancer

prevention and control in women living with human

immunodeficiency virus. CA: a cancer journal for clinicians.

2021;71(6):505-26. [PubMed ID: 34499351]. [PubMed Central ID:

PMC10054840]. https://doi.org/10.3322/caac.21696.

6. Handisurya A, Schellenbacher C, Kirnbauer R. Diseases caused by

human papillomaviruses (HPV). JDDG: Journal der Deutschen

Dermatologischen Gesellschaft. 2009;7(5):453-66. [PubMed ID:

19302229]. https://doi.org/10.1111/j.1610-0387.2009.06988.x.

7. Kombe Kombe AJ, Li B, Zahid A, Mengist HM, Bounda GA, Zhou Y, et

al. Epidemiology and burden of human papillomavirus and related

diseases, molecular pathogenesis, and vaccine evaluation. Frontiers

in public health. 2021;8. 552028. [PubMed ID: 33553082]. [PubMed

Central ID: PMC7855977]. https://doi.org/10.3389/fpubh.2020.552028.

8. Tornesello ML, Losito S, Benincasa G, Fulciniti F, Botti G, Greggi S, et

al. Human papillomavirus (HPV) genotypes and HPV16 variants and

risk of adenocarcinoma and squamous cell carcinoma of the cervix.

Gynecologic oncology. 2011;121(1):32-42. [PubMed ID: 21211829].

https://doi.org/10.1016/j.ygyno.2010.12.005.

9. Sudenga SL, Torres BN, Silva R, Villa LL, Lazcano-Ponce E, Abrahamsen

M, et al. Comparison of the Natural History of Genital HPV Infection

among Men by Country: Brazil, Mexico, and the United StatesGenital

HPV Infection among Men in Three Countries. Cancer Epidemiology,

Biomarkers & Prevention. 2017;26(7):1043-52. [PubMed ID: 28446543].

[PubMed Central ID: PMC5556383]. https://doi.org/10.1158/1055-

9965.EPI-17-0040.

10. Vinodhini K, Shanmughapriya S, Das BC, Natarajaseenivasan K.

Prevalence and risk factors of HPV infection among women from

various provinces of the world. Archives of Gynecology and Obstetrics.

2012;285(3):771-7. [PubMed ID: 22159694].

https://doi.org/10.1007/s00404-011-2155-8.

11. Hamkar R, Shoja Z, Ghavami N, Heydari N, Farahmand M, Jalilvand S.

Type-specific human papillomavirus prevalence in Iranian women

with normal cervical cytology: the impact of current HPV vaccines.

Intervirology. 2018;60(4):125-30. [PubMed ID: 29393201].

https://doi.org/10.1159/000485898.

12. Moosazadeh M, Malary M, Hamzehgardeshi Z, Afshari M,

Moghaddasifar I, Afsharimoghaddam A. The prevalence of cervical

human papillomavirus infection and the most at-risk genotypes

among Iranian healthy women: A systematic review and meta-

analysis. International Journal of Preventive Medicine. 2016;7(1):70.

[PubMed ID: 27217936]. [PubMed Central ID: PMC4872517].

https://doi.org/10.4103/2008-7802.181756.

13. Mobini Kesheh M, Keyvani H. The prevalence of HPV genotypes in

Iranian population: An Update. Iranian Journal of Pathology.

2019;14(3):197-205. [PubMed ID: 31582996]. [PubMed Central ID:

PMC6742734]. https://doi.org/10.30699/IJP.2019.90356.1861.

14. Salehi-Vaziri M, Sadeghi F, Bokharaei-Salim F, Younesi S, Alinaghi S,

Monavari SH, et al. The prevalence and genotype distribution of

human papillomavirus in the genital tract of males in Iran.

Jundishapur Journal of Microbiology. 2015;8(12):e21912. [PubMed ID:

26862386]. [PubMed Central ID: PMC4741186].

https://doi.org/10.5812/jjm.21912.

15. Khorasanizadeh F, Hassanloo J, Khaksar N, Mohammad Taheri S,

Marzaban M, H. Rashidi B, et al. Epidemiology of cervical cancer and

human papilloma virus infection among Iranian women-Analyses of

national data and systematic review of the literature. Gynecologic

Oncology. 2013;128(2):277-81. [PubMed ID: 23200918].

https://doi.org/10.1016/j.ygyno.2012.11.032.

16. Fashedemi O, Ozoemena OC, Peteni S, Haruna AB, Shai LJ, Chen A, et

al. Advances in human papillomavirus detection for cervical cancer

screening and diagnosis: challenges of conventional methods and

opportunities for emergent tools. Analytical Methods. 2025;17(7):1428-

50. [PubMed ID: 39775553]. [PubMed Central ID: PMC11706323].

https://doi.org/10.1039/D4AY01921K.

https://brieflands.com/journals/apid/articles/164216
http://www.ncbi.nlm.nih.gov/pubmed/31687023
https://www.ncbi.nlm.nih.gov/pmc/PMC6811952
https://doi.org/10.1155/2019/3257939
https://doi.org/10.1016/B978-0-12-814457-2.00008-8
https://doi.org/10.1016/B978-0-12-814457-2.00008-8
https://doi.org/10.1007/978-3-030-20491-4_18
https://doi.org/10.1007/978-3-030-20491-4_18
http://www.ncbi.nlm.nih.gov/pubmed/29293452
https://doi.org/10.2741/4662
http://www.ncbi.nlm.nih.gov/pubmed/34499351
https://www.ncbi.nlm.nih.gov/pmc/PMC10054840
https://doi.org/10.3322/caac.21696
http://www.ncbi.nlm.nih.gov/pubmed/19302229
https://doi.org/10.1111/j.1610-0387.2009.06988.x
http://www.ncbi.nlm.nih.gov/pubmed/19302229
https://doi.org/10.1111/j.1610-0387.2009.06988.x
http://www.ncbi.nlm.nih.gov/pubmed/33553082
https://www.ncbi.nlm.nih.gov/pmc/PMC7855977
https://doi.org/10.3389/fpubh.2020.552028
http://www.ncbi.nlm.nih.gov/pubmed/21211829
https://doi.org/10.1016/j.ygyno.2010.12.005
http://www.ncbi.nlm.nih.gov/pubmed/28446543
https://www.ncbi.nlm.nih.gov/pmc/PMC5556383
https://doi.org/10.1158/1055-9965.EPI-17-0040
https://doi.org/10.1158/1055-9965.EPI-17-0040
http://www.ncbi.nlm.nih.gov/pubmed/22159694
https://doi.org/10.1007/s00404-011-2155-8
http://www.ncbi.nlm.nih.gov/pubmed/29393201
https://doi.org/10.1159/000485898
http://www.ncbi.nlm.nih.gov/pubmed/27217936
https://www.ncbi.nlm.nih.gov/pmc/PMC4872517
https://doi.org/10.4103/2008-7802.181756
http://www.ncbi.nlm.nih.gov/pubmed/31582996
https://www.ncbi.nlm.nih.gov/pmc/PMC6742734
https://doi.org/10.30699/IJP.2019.90356.1861
http://www.ncbi.nlm.nih.gov/pubmed/26862386
https://www.ncbi.nlm.nih.gov/pmc/PMC4741186
https://doi.org/10.5812/jjm.21912
http://www.ncbi.nlm.nih.gov/pubmed/23200918
https://doi.org/10.1016/j.ygyno.2012.11.032
http://www.ncbi.nlm.nih.gov/pubmed/39775553
https://www.ncbi.nlm.nih.gov/pmc/PMC11706323
https://doi.org/10.1039/D4AY01921K


Kargar F et al. Brieflands

15 Arch Pediatr Infect Dis. 2027; 15(1): e164216

17. Hu YQ, Huang XH, Guo LQ, Shen ZC, Lv LX, Li FX, et al. Rapid and

Visual Detection of Vibrio parahaemolyticus in Aquatic Foods Using

blaCARB-17 Gene-Based Loop-Mediated Isothermal Amplification with

Lateral Flow Dipstick (LAMP-LFD). J Microbiol Biotechnol.

2021;31(12):1672-1683. [PubMed ID: 34489378]. [PubMed Central ID:

PMC9705909]. https://doi.org/10.4014/jmb.2107.07022.

18. Kargar F, Rahmati M, Jamalidoust M, Mortazavi M, Savardashtaki A,

Milani M, et al. Human Papillomavirus (HPV16 and HPV18) Infection;

Pathogenesis, Vaccination, and Detection by Loop-Mediated

Isothermal Amplification with Lateral Flow Dipstick Tests: A Review.

Archives of Pediatric Infectious Diseases. 2024;12(2).

https://doi.org/10.5812/apid-140119.

19. Li H, Tan H, Lv X, Han Z, Wang Y, Gao S, et al. Field-applicable loop-

mediated isothermal amplification for the detection of seven

common human papillomavirus subtypes. Tropical Medicine and

Infectious Disease. 2024;9(10):240. [PubMed ID: 39453267]. [PubMed

Central ID: PMC11511265].

https://doi.org/10.3390/tropicalmed9100240.

20. Babbie E, Halley F, Zaino J. Adventures in Social Research: Data Analysis

Using SPSS 14.0 and 15.0 for Windows. Pine Forge Press; 2007.

21. Parida M, Sannarangaiah S, Dash PK, Rao PVL, Morita K. Loop

mediated isothermal amplification (LAMP): a new generation of

innovative gene amplification technique; perspectives in clinical

diagnosis of infectious diseases. Reviews in medical virology.

2008;18(6):407-21. [PubMed ID: 18716992]. [PubMed Central ID:

PMC7169140]. https://doi.org/10.1002/rmv.593.

22. Kotaniemi‐Talonen L, Malila N, Nieminen P, Anttila A, Tarkkanen J,

Laurila P, et al. Test positivity cutoff level of a high risk human

papillomavirus test could be increased in routine cervical cancer

screening. International journal of cancer. 2008;123(12):2902-6.

[PubMed ID: 18792100]. https://doi.org/10.1002/ijc.23839.

23. Uskoković V. Dynamic light scattering based microelectrophoresis:

main prospects and limitations. Journal of dispersion science and

technology. 2012;33(12):1762-86. [PubMed ID: 23904690]. [PubMed

Central ID: PMC3726226]. https://doi.org/10.1080/01932691.2011.625523.

24. Sharifi M, Hosseinali SH, Hossein Alizadeh R, Hasan A, Attar F, Salihi

A, et al. Plasmonic and chiroplasmonic nanobiosensors based on

gold nanoparticles. Talanta. 2020;212. 120782. [PubMed ID: 32113545].

https://doi.org/10.1016/j.talanta.2020.120782.

25. Rivas L, Escosura-Muñiz ADL, Pons J, Merkoçi A. Lateral flow biosensors

based on gold nanoparticles. Comprehensive analytical chemistry:

Elsevier; 2014. p. 569-605. https://doi.org/10.1016/B978-0-444-63285-

2.00014-6.

26. Dey MK, Iftesum M, Devireddy R, Gartia MR. New technologies and

reagents in lateral flow assay (LFA) designs for enhancing accuracy

and sensitivity. Analytical Methods. 2023;15(35):4351-76. [PubMed ID:

37615701]. https://doi.org/10.1039/D3AY00844D.

27. Das D, Pradhan AK, Chattopadhyay R, Singh SN. Composite

nonwovens. Textile Progress. 2012;44(1):1-84.

https://doi.org/10.1080/00405167.2012.670014.

28. Eaker S, Adami HO, Granath F, Wilander E, Sparén P. A large

population-based randomized controlled trial to increase

attendance at screening for cervical cancer. Cancer Epidemiology

Biomarkers & Prevention. 2004;13(3):346-54.

https://doi.org/10.1158/1055-9965.346.13.3.

29. St. Cyr S, Barbee L, Workowski KA, Bachmann LH, Pham C, Schlanger

K, et al. Update to CDC's treatment guidelines for gonococcal

infection, 2020. MMWR. Morbidity and Mortality Weekly Report.

2020;69(50):1911-1916. [PubMed ID: 33332296]. [PubMed Central ID:

PMC7745960]. https://doi.org/10.15585/mmwr.mm6950a6.

30. Ruutu MP, Kulmala SM, Peitsaro P, Syrjänen SM. The performance of

the HPV16 real-time PCR integration assay. Clinical biochemistry.

2008;41(6):423-8. [PubMed ID: 18206116].

https://doi.org/10.1016/j.clinbiochem.2007.12.014.

31. Zhang X. Gold nanoparticles: recent advances in the biomedical

applications. Cell biochemistry and biophysics. 2015;72(3):771-5.

[PubMed ID: 25663504]. https://doi.org/10.1007/s12013-015-0529-4.

32. Chen YS, Hong MY, Huang GS. A protein transistor made of an

antibody molecule and two gold nanoparticles. Nature

nanotechnology. 2012;7(3):197-203. [PubMed ID: 22367097].

https://doi.org/10.1038/nnano.2012.7.

33. Hien Pham TT, Cao C, Sim SJ. Application of citrate-stabilized gold-

coated ferric oxide composite nanoparticles for biological

separations. Journal of magnetism and magnetic materials.

2008;320(15):2049-55. https://doi.org/10.1016/j.jmmm.2008.03.015.

34. Shemetov AA, Nabiev I, Sukhanova A. Molecular interaction of

proteins and peptides with nanoparticles. ACS nano. 2012;6(6):4585-

602. [PubMed ID: 22621430]. https://doi.org/10.1021/nn300415x.

35. Kumvongpin R, Jearanaikoon P, Wilailuckana C, Sae-Ung N,

Prasongdee P, Daduang S, et al. Detection assay for HPV16 and HPV18

by loop‑mediated isothermal amplification with lateral flow

dipstick tests. Molecular Medicine Reports. 2017;15(5):3203-9. [PubMed

ID: 28339040]. https://doi.org/10.3892/mmr.2017.6370.

36. Taghizadeh Armaki M, Hossein Tayefeh-Arbab M, Jafarzadeh J,

Nasrollahian S, Baseri Z, Mehdinezhad H, et al. Loop-mediated

Isothermal Amplification Test for Rapid Identification of Clinical

Nocardia Isolates. Jundishapur Journal of Microbiology. 2022;15(12).

https://doi.org/10.5812/jjm-132432.

37. Majidzadeh K, Khanjari Y, Soleimani M. A rapid method for detection

of Crimean Congo hemorrhagic fever virus with loop-mediated

isothermal amplification assay. Annals of Military and Health Sciences

Research. 2025;23(3). https://doi.org/10.5812/amh-167540.

38. Navarro Chica CE, Alfonso Tobón LL, López Abella JJ, Valencia

Piedrahita MP, Neira Acevedo D, Bermúdez PC, et al. Nanoparticle-

based colorimetric assays for early and rapid screening of the

oncogenic HPV variants 16 and 18. Clinica Chimica Acta. 2025;568.

120144. [PubMed ID: 39837403].

https://doi.org/10.1016/j.cca.2025.120144.

https://brieflands.com/journals/apid/articles/164216
http://www.ncbi.nlm.nih.gov/pubmed/34489378
https://www.ncbi.nlm.nih.gov/pmc/PMC9705909
https://doi.org/10.4014/jmb.2107.07022
https://doi.org/10.5812/apid-140119
http://www.ncbi.nlm.nih.gov/pubmed/39453267
https://www.ncbi.nlm.nih.gov/pmc/PMC11511265
https://doi.org/10.3390/tropicalmed9100240
http://www.ncbi.nlm.nih.gov/pubmed/18716992
https://www.ncbi.nlm.nih.gov/pmc/PMC7169140
https://doi.org/10.1002/rmv.593
http://www.ncbi.nlm.nih.gov/pubmed/18792100
https://doi.org/10.1002/ijc.23839
http://www.ncbi.nlm.nih.gov/pubmed/23904690
https://www.ncbi.nlm.nih.gov/pmc/PMC3726226
https://doi.org/10.1080/01932691.2011.625523
http://www.ncbi.nlm.nih.gov/pubmed/32113545
https://doi.org/10.1016/j.talanta.2020.120782
https://doi.org/10.1016/B978-0-444-63285-2.00014-6
https://doi.org/10.1016/B978-0-444-63285-2.00014-6
http://www.ncbi.nlm.nih.gov/pubmed/37615701
https://doi.org/10.1039/D3AY00844D
https://doi.org/10.1080/00405167.2012.670014
https://doi.org/10.1080/00405167.2012.670014
https://doi.org/10.1158/1055-9965.346.13.3
http://www.ncbi.nlm.nih.gov/pubmed/33332296
https://www.ncbi.nlm.nih.gov/pmc/PMC7745960
https://doi.org/10.15585/mmwr.mm6950a6
http://www.ncbi.nlm.nih.gov/pubmed/18206116
https://doi.org/10.1016/j.clinbiochem.2007.12.014
http://www.ncbi.nlm.nih.gov/pubmed/25663504
https://doi.org/10.1007/s12013-015-0529-4
http://www.ncbi.nlm.nih.gov/pubmed/22367097
https://doi.org/10.1038/nnano.2012.7
https://doi.org/10.1016/j.jmmm.2008.03.015
http://www.ncbi.nlm.nih.gov/pubmed/22621430
https://doi.org/10.1021/nn300415x
http://www.ncbi.nlm.nih.gov/pubmed/28339040
https://doi.org/10.3892/mmr.2017.6370
https://doi.org/10.5812/jjm-132432
https://doi.org/10.5812/amh-167540
http://www.ncbi.nlm.nih.gov/pubmed/39837403
https://doi.org/10.1016/j.cca.2025.120144

