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Abstract 
Introduction: Human papillomaviruses (HPV) are the most commonly known sexually transmitted agents. Almost all cases of cervical cancer 

are caused by persistent infection. This study was conducted to ascertain whether there is a difference in HPV load in cervical samples with 

normal and abnormal cervical cytology reports in Kuwait. 

Methodology: HPV-positive abnormal ThinPrep samples (n = 206) and normal ThinPrep samples (n = 120) were taken from women 

attending gynecology clinics. Real-time PCR was used to measure the viral load for all HPV genotypes.  

Results: The median normalized viral load in samples with normal and abnormal cytology reports was 0.86 × 10-7 and 4.66 × 10-7, 

respectively (p = 0.001). Median normalized viral load of high-risk (HR), intermediate-risk (IR) and low-risk (LR) HPV was 4.04 × 10-7, 

0.71 × 10-7 and 2.38 × 10-7, respectively, (p = 0.002).  

Conclusions: The findings suggest that, in the absence of a proper screening programme in Kuwait, quantification of HPV viral load could be 

considered as a surrogate virology test to identify women with abnormal cytology. Further population-based prospective studies are needed 

to include more women with high-grade and invasive carcinoma reports.  
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Introduction 
Human papillomaviruses (HPV) are the most 

commonly known sexually transmitted agents [1]. 

There are more than 100 recognized HPV genotypes, 

of which approximately 40 have tropism specifically 

for anogenital mucosa [2]. Based on their 

epidemiological association with cervical cancer, 

anogenital HPV genotypes are divided into high-risk 

(HR) and low-risk (LR) types [3]. Almost all cases of 

cervical cancer are caused by persistent infection 

involving 15 genotypes of the HR HPV [4]. 

In Kuwait, cervical smears are taken routinely and 

examined when a woman visits a gynecology clinic. 

However, in view of the absence of a formal screening 

programme, there are few studies on the results of 

Papanicolaou (Pap) smears in Kuwait [5,6] and the 

prevalence of HPV in the female population. One 

study has shown an increase in HPV infection, 

especially in Kuwaiti women [7]. Another study has 

reported the presence of HPV DNA in 2.4% of normal 

cervical samples; LR HPV types were found in 71.8% 

of infected samples, HR types in 32.3%, and 

intermediate-risk (IR) types in 7% [8]. A more recent 

study has reported the presence of HPV DNA in 51% 

of abnormal cervical samples; HPV16 had the highest 

prevalence (24.3%), followed by HPV11 (13.8%), 

HPV66 (11.2%), HPV33 (9.9%), HPV53 (9.2%), 

HPV81 (9.2%), HPV56 (7.9%) and HPV18 (6.6%). 

HPV prevalence was 86%, 67% and 89% in women 

with invasive cervical carcinoma (ICC), high-grade 

squamous intraepithelial lesions (HSIL) and low-grade 

squamous intraepithelial lesions (LSIL), respectively. 

HR and LR-HPV genotypes were prevalent in women 

at the age of 40 and older [9].  

This study was conducted to determine the viral 

load in HPV-infected cervical samples taken from 

women with normal and abnormal cytology reports 

using the quantitative real-time polymerase chain 
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reaction (PCR) technique. The study also investigates 

the hypothesis that high HPV concentration is 

associated with abnormal cytology samples. The viral 

load of HPV was also investigated in samples with 

low-grade cervical reports and samples with high-

grade cervical reports. 

 

Methodology 
Study group 

This study is a continuation of previous studies 

performed by Al-Awadhi et al. [8,9] and utilizes the 

same samples used in those studies. The rationale 

behind the selection of women, sample size, and 

power for the studies was discussed in those earlier 

investigations. Study samples were comprised of 326 

HPV-positive ThinPrep samples (Cytyc Corporation, 

Boxborough, MA, USA) taken from women with 

normal and abnormal cytology reports. Samples were 

received at the Cytology Laboratory, Mubarak Al-

Kabeer Hospital in Kuwait from December 2006 to 

March 2010. Informed consent was given by the 

women who participated in the study, which was 

approved by the Ministry of Health and the Faculty of 

Medicine Ethics Committee, Kuwait University. 

Cervical samples were taken from women with a 

wide spectrum of gynecological complaints attending 

polyclinics and the colposcopy clinic at the Maternity 

Hospital. ThinPrep cytological slides were screened, 

and the adequacy as well as the degree of abnormality 

was assessed using the criteria set out in The Bethesda 

System 2001 guidelines [10]. Residual liquid material 

left from the ThinPrep samples was used for HPV 

investigation.  ThinPrep samples were reported as 

follows: normal, atypical squamous cells (ASC), 

atypical glandular cells (AGC), low-grade squamous 

intraepithelial lesion (LSIL), high-grade squamous 

intraepithelial lesion (HSIL), invasive squamous cell 

carcinoma (SCC), and invasive adenocarcinoma 

(ADC). Of all 326 samples in the study, 120 had 

normal reports, 61 had ASC reports, 18 had AGC, 103 

had LSIL, 14 had HSIL, seven had SCC and three had 

ADC reports. All ThinPrep slides were reviewed by 

two cytologists and a consensus diagnosis was made. 

The ASC category included ThinPrep slides with 

atypical squamous cells of undetermined significance 

(ASC-US) reports (n = 59) and ThinPrep slides with 

atypical squamous cells that could not exclude HSIL 

(ASC-H) reports (n = 2). Due to the small number of 

ASC-H reports, the ASC-US and ASC-H were 

combined and analyzed as a single group designated 

ASC. Follow-up information was obtained for women 

with abnormal cytological reports and the results of a 

histology-cytology correlation are shown in Table 1. 

Cervical biopsies were examined by two experienced 

pathologists. 

 

DNA extraction, real-time PCR and viral load 

estimation 

DNA extracts from HPV-positive samples were 

subjected to quantification by real-time PCR as 

described previously [8,9]. Genomic DNA was 

extracted from the ThinPrep samples and controls 

stored at -80°C using a NucleoSpin Genomic DNA 

Tissue kit (Macherey-Nagel GmbH and Co. KG, 

Düren, Germany) according to the manufacturer’s 

instructions. 

The real-time PCR assay was performed using an 

ABI 7500 real-time PCR (Applied Biosystems, Foster 

Table 1. Histological reports of 206 women with cytological abnormalities 

Histology 

Report 

Histology 

Information not 

available 

Negative 
Nuclear atypia not 

amounting to CIN 

HPV 

associated 

changes 

CIN 

I 

CIN 

II 

CIN 

III 

Invasive 

SCC 

Invasive 

ADC 

ASC (n = 61) 36 10 10 5 - - - - - 

AGC (n = 18) 7 7 3 - 1 - - - - 

LSIL (n = 103) 23 23 20 19 18 - - - - 

HSIL (n = 14) 3 3 - - 3 2 3 - - 

SCC (n = 7) - 1 - - - - 1 5 - 

ADC (n = 3) - 1 - - - - - - 2 

Total (n = 206) 69 45 33 24 22 2 4 5 2 

 

ASC: atypical squamous cells, AGC: atypical glandular cells, LSIL: low-grade squamous intraepithelial lesion, HSIL: high-grade squamous intraepithelial lesion, 

SCC:  squamous cell carcinoma, ADC: adenocarcinoma. CIN: cervical intraepithelial neoplasia. 
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City, CA, USA) system. The assay was performed on 

three different plates. The first plate was used to 

determine the integrity of the target DNA by beta-

globin PCR assay, amplifying a target of 268 bp 

fragment as described previously by Lum and Le 

Marchand [11]. The second plate was used to screen 

for the presence of HPV in cervical samples using 

MY09/11 primers as nucleotide sequences of the HPV 

L1 Open Reading Frame (ORF) consensus primers 

[12]. The third plate was used to screen for the 

presence of HPV infection in cervical scrapes using 

GP5+/6+ primers as nucleotide sequences of the HPV 

L1 ORF consensus primers [13]. 

For absolute quantification, the HPV16 vector 

(American Type Culture Collection, Manassas, VA, 

USA) was used at different concentrations to generate 

a standard curve. The linear range of the assay was 

from 1 × 101 to 1 × 1011 copies/µl. The concentrations 

of HPV DNA were determined by extrapolation from 

the standard curve, and then normalized against the 

concentrations of beta-globin DNA determined by 

real-time PCR. 

 
HPV sequencing 

Samples showing positive amplification for the 

presence of HPV by GP5+/GP6+ and/or MY09/MY11 

were subjected to DNA sequencing to establish the 

HPV type identity, as previously described [8,9]. The 

samples were analyzed using Sequencing Analysis 

software version 3.7 (Applied Biosystems, Foster City, 

CA, USA). The HPV sequence alignment was 

performed with sequences presented in the GenBank 

database using BLASTn software 

(http://www.ncbi.nlm.nih.gov/blast/html) and the HPV 

Database maintained by the Theoretical Biology and 

Biophysics laboratory at Nebraska Center for Virology 

(http://ncv.unl.edu/Angelettilab/HPV/Database.html). 

 

Method of analysis 

Data management and analysis were performed 

using Statistical Package for Social Sciences (SPSS 

version 17.0; IBM, SPSS Inc., Chigaco, USA). 

Epidemiological classification of HPV types was 

carried out according to Muñoz et al. [14], and Al-

Awadhi et al. [8]. HR-HPV genotypes included 

HPV16, HPV18, HPV31, HPV33, HPV35, HPV39, 

HPV45, HPV51, HPV53, HPV56, HPV58, HPV59, 

HPV66, HPV68, HPV73 HPV82 and HPV97. IR-HPV 

genotypes included HPV62, HPV67, HPV83, HPV84 

and HPV87. LR-HPV genotypes included HPV6, 

HPV11, HPV43, HPV54, HPV61, HPV82, HPV74, 

HPV81, HPV90, HPV102 and HPV106. 

The continuous variables (i.e., age and viral load) 

were examined for normality of data using the 

Table 2. Proportion of women according to cytological diagnosis and their HPV results  

Cytology Age HPV Genotypes 

 Median 
Mean ± SD 

Range 

HR 

(n = 197) 

IR 

(n = 10) 

LR 

(n = 119) 

All 

(n = 326) 

Normal 40 
41.6 ± 9.6 

19 - 67 
55 (45.8)* 6 (5.0) 59 (49.1) 120 (36.8) 

Abnormal 39 
39.1 ± 10.5 

19 - 70 
142 (68.9) 4 (2.0) 60 (29.1) 206 (63.2) 

ASC 42 
40.4 ± 9.9 

22 - 62 
37 (60.7) 2 (3.3) 22 (36.0) 61 (29.6) 

AGC 41 
41.8 ± 11.2 

20 - 59 
11 (61.1) 1 (5.6) 6 (33.3) 18 (8.7) 

LSIL 36 
37.1 ± 10.9 

19 - 70 
70 (68.0) 1 (1.0) 32 (31.0) 103 (50.0) 

HSIL 38 
39.4 ± 8.1 

26 - 55 
14 (100.0) 0 0 14 (6.8) 

SCC 44.5 
44.0 ± 8.1 

33 - 59 
7 (100.0) 0 0 7 (3.4) 

ADC 52 
47.3 ± 13.6 

32 - 58 
3 (100.0) 0 0 3 (1.5) 

Group 1 39 
38.7 ± 10.7 

19 - 70 
118 (64.8) 4 (2.2) 60 (33.0) 182 (88.3) 

Group 2 42 
41.7 ± 8.9 

26 - 59 
24 (100.0) 0 0 24 (11.7) 

 
HR: high risk, IR: intermediate risk, LR: low risk, ASC: atypical squamous cells, AGC: atypical glandular cells, LSIL: low-grade squamous intraepithelial 

lesion, HSIL: high-grade squamous intraepithelial lesion, SCC:  squamous cell carcinoma, ADC: adenocarcinoma. Group 1: ASC, AGC and LSIL cases, 

Group 2: HSIL, SCC and ADC cases. *Figures in parenthesis () give percentages of  categories  
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Kolmogrov-Smirnov test and descriptive statistics 

were presented as median and inter-quartiles. Non-

parametric Mann-Whitney U or Kruskal-Wallis tests 

were used to test the differences in normalized viral 

load between cytology groups. A two-tailed 

probability value (p < 0.05) was considered 

statistically significant. 

 

Results 
A total of 326 HPV-infected women with normal 

and abnormal cytological reports were investigated. 

The age, cytological findings, and risk type of HPV 

infection of the study population are shown in Table 2.  

The outcome of normalized viral load in samples 

with normal and abnormal cytology reports is shown 

in Table 3. Analysis of the results showed that the 

median normalized viral load in samples with normal 

cytology reports was significantly lower (p = 0.001) 

than the normalized viral load in samples with 

abnormal cytology reports. The normalized viral load 

was compared in samples with abnormal cytology 

reports including ASC, AGC, LSIL, HSIL, SCC and 

ADC; however, the results did not show any 

statistically significant difference. The normalized 

viral load was also assessed in two groups of samples. 

Group One included samples with ASC, AGC and 

LSIL cytology reports, and Group Two included 

samples with HSIL, SCC and ADC reports. Similarly, 

no significant viral load differences were observed 

between Group One and Group Two (Table 3). 

The median normalized viral load of HR-HPV, IR-

HPV and LR-HPV was 4.04 × 10-7, 0.71 × 10-7 and  

2.38 × 10-7, respectively, (p = 0.002). On further 

analysis, a significant difference was found between 

the normalized viral load of HR-HPV and IR-HPV (p 

= 0.031). A statistical significant difference was also 

noticed between HR-HPV and LR-HPV (p = 0.003) 

 

Table 3. Normalized viral load analysis of different cytology groups 

 

Cytology Report Number of Women Median (IQ)* P – value 

Normal 120 0.86 (0.38 – 5.25) 0.001& 

Abnormal 206 4.66 (2.22 – 8.34)  

    

ASC 61 5.01 (2.54 – 8.34) 0.391** 

AGC 18 5.94 (3.35 – 8.37)  

LSIL 103 4.46 (1.97 – 8.74)  

HSIL 14 3.79 (2.13 – 8.15)  

SCC 7 2.48 (1.85 – 39.20)  

ADC 3 2.13 (1.09 – 3.24)  

    

Group One 182 4.69 (2.26 – 8.34) 0.306& 

Group Two 24 2.88 (1.91 – 8.36)  

    

HR 197 4.04 (1.81 – 7.75) 0.002** 

IR 10 0.71 (0.34 – 5.31)  

LR 119 2.38 (0.54 – 7.99)  

*Median= value×10-7, IQ: Inter-Quartile, ASC: atypical squamous cells, AGC: atypical glandular cells, LSIL: low-grade squamous intraepithelial lesion, 

HSIL: high-grade squamous intraepithelial lesion, SCC:  squamous cell carcinoma, ADC: adenocarcinoma. Group 1: ASC, AGC and LSIL cases, Group 2: 

HSIL, SCC and ADC cases. HR: high risk, IR: intermediate risk, LR: low risk, &Mann-Whitney U Test was used, ** Kruskal-Wallis test was used. 
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Discussion 

This study was conducted to assess the HPV viral 

load in women with normal and abnormal cervical 

reports in Kuwait. The outcome of the study shows 

that the amount of HPV DNA in cervical scrapes is an 

important parameter to distinguish between cervical 

scrapes with normal and abnormal cervical cytology. 

This finding is in agreement with the observations of 

Schmitz et al. [15] and van Duin et al. [16], who 

showed that the viral load of HPV significantly differs 

in women with normal and abnormal cytology reports.  

It is now well-established that HPV viral load 

increases with increasing disease severity [17]. Other 

studies have related other HR-HPV genotypes such as  

HPV16, HPV18, HPV31, HPV33 and HPV45, to 

high-grade cervical abnormality [18]. 

The current study also shows that the amount of 

HPV DNA in a cervical scrape might be an important 

parameter to distinguish between HR-HPV infections 

that are of clinical relevance and LR and IR-HPV 

genotypes. This finding is in agreement with those of 

Snijders et al. [19], who showed that the viral load of 

HR-HPV genotypes is significantly higher than that of 

LR-HPV genotypes. 

This study finds no significant difference in the 

viral load between Group One (women with ASC, 

AGC and LSIL reports) and Group Two (women with 

HSIL, SCC and ADC reports), an association that was 

previously shown by Lillo et al. [20] and Swan et al. 

[18]. In 2012, Origoni et al. [21,22] triaged women 

with ASCUS cytology reports using HPV viral load. 

They showed that women with CIN II and CIN III in 

histology had high HPV viral load and they also 

showed that in these women the viral load of HR-HPV 

was significantly higher than that found in LR-HPV. 

One explanation for the difference between our 

findings and the observations of other investigators 

[18,20-22] is the small number of women in Group 

Two in the current study. A second explanation could 

be that in this study, as is the case of most studies that 

have measured viral load, integration status was not 

investigated [23], yet in most high-grade cervical 

abnormalities, the prevalence of integrated forms of 

HPV increases and the integration itself is followed by 

a decrease in viral load [24]. A third possible 

explanation is that in women with high-grade cervical 

abnormality, the viral load is high, and low-grade 

cervical abnormality could also be present at the same 

time, but only the most severe histological abnormality 

is reported [25]. The acquisition of new HPV types is 

associated with changes both in viral load and with the 

development of new CIN lesions; therefore, measures 

of association might be unreliable in studies that rely 

on a single baseline measurement of exposure [26]. 

In the current study, real-time PCR was used for 

the detection and quantitative analysis of HPV because 

of the advantages of the assay over the conventional 

method. The target in real-time PCR is detected in real 

time from the sealed PCR plate and there is no post-

PCR processing required; therefore, the risk of false-

positive results due to amplicon carryover is 

substantially decreased compared to that of 

conventional PCR [27]. In addition, most real-time 

PCR formats offer the option of applying a melting 

curve analysis so that the amplicon can be 

distinguished from a nonspecific product or primer-

dimers. The performance of real-time PCR assays, 

therefore, has increased sensitivity and reliability of 

the reported results over those obtained by 

conventional PCR. Real-time PCR assays can be 

designed to allow the detection and simultaneous 

quantification of the PCR products over a wide 

dynamic range of quantitative linearity, which is an 

important requirement of many diagnostic 

applications. Because real-time PCR assays are 

amenable to automation, most of these detection 

assays are run and completed in the clinical laboratory 

setting in a shorter time than that required for 

conventional PCR, thus providing a more rapid test 

cycle turnaround time [27]. In this study, using the 

quantitative HPV PCR method, the substantial overlap 

of viral load values among women with and without 

cytology abnormality and among HR and LR-HPV 

genotypes, especially in the range of high viral loads, 

made it impossible to choose cut-off values for high-

grade cytological abnormalities and HR-HPV [28]. 

Cut-off points defined by real-time PCR methods 

depend on the PCR method used, and might vary 

between laboratories using the same PCR method. In 

this study, two sets of primers were used for HPV 

screening (i.e., GP5+/6+ and MY09/11), whereas in 

most published studies a GP5+/6+ set of primers was 

used [28]. The literature is inconsistent in reconciling 

HPV viral load with a quantifiable standard. Some 

report viral load as a function of total input cells, 

whereas others report viral load as a function of 

abnormal input cells or as a function of abnormal input 

cells with suitable DNA quality [16,29]. In this study, 

HPV viral load was related to the amount of input 

human DNA, as judged by the concentration of a 

housekeeping gene such as beta-globin, and expressed 

as normalized viral load. According to Hart et al. [29], 

high viral loads may be produced in severe disease, 

rather than being the cause of severe disease. This 
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suggestion is based on the fact that viral load values 

are an average of infected and uninfected cells. Also, 

the viral DNA may be integrated, disrupted, or deleted 

from the probe target site. Cut-off points might also 

depend on the screened population, as younger women 

may show increased viral loads in productive 

infections [30]. 

 
Conclusion 

In conclusion, our data show that, in Kuwait, the 

HPV viral load in women with normal cervices is 

significantly lower than that in women with abnormal 

cervices and the viral load of HR-HPV genotypes is 

significantly higher than that of other genotypes. Two 

viral load parameters may be useful in identifying 

women at increased risk of developing cervical lesions 

in a normal population. It may be useful to monitor 

disease recurrence, and to examine the effect of 

widespread vaccination on HPV type prevalence in the 

future. Further population-based prospective studies 

are needed to eliminate the drawbacks of our study 

and to include more women with HSIL and invasive 

carcinoma reports. 
 
Acknowledgements 
This work was funded by Kuwait University through the 

Research Administration (Grant Number: NM 03/06). The 

authors wish to thank Dr. Remaa Al-Saffe, Dr. Prem 

Sharma, and A. Rahmatulla for their excellent technical 

assistance. The authors are grateful to Dr. F. Al-Mulla and 

staff in the Research Core Facility, Project No.GM01/01 & 

GM01/05, for their help and assistance. 

This work was funded by Kuwait University through the 

Research Administration (Grant Number NM 03/06). 

 
References 
1. de Sanjosé S, Diaz M, Castellsagué X, Clifford G, Bruni L, 

Mañuz N, Bosch FX (2007) Worldwide prevalence and 

genotype distribution of cervical human papillomavirus DNA 

in women with normal cytology: a meta-analysis. Lancet 

Infect Dis 7: 453-459. 

2. Schiffman M, Castle PE (2003) Human papillomavirus: 

epidemiology and public health. Arch Pathol Lab Med 127: 

930-934. 

3. Muñoz N, Bosch FX, de Sanjosé, Herrero R, Castellsagué X, 

Shah KV, Snijders PJ, Meijer CJ, for the International 

Agency for Research on Cancer Multicenter Cervical Cancer 

Study Group (2003) Epidemiologic classification of human 

papillomavirus types associated with cervical cancer. N Engl 

J Med 348: 518-527. 

4. Schiffman M, Castle PE, Jeronimo J, Rodriguez AC, 

Wacholder S (2007) Human papillomavirus and cervical 

cancer. Lancet 370: 890-907. 

5. Kapila K, George SS, Al-Shaheen A, Al-Ottibi MS, Pathan 

SK, Sheikh ZA, Haji BE, Mallik MK, Das DK, Francis IM 

(2006) Changing spectrum of squamous cell abnormalities 

observed on Papanicolaou smears in Mubarak Al-Kabeer 

Hospital, Kuwait, over a 13-year period. Med Princ Pract 15: 

253-259. 

6. Luthra UK, Chishti M, Dey P, Jolly SV, Abdulla M, Das DK, 

Sugathan TN, Ajrawi MT, George J, George SS, Aziz AA, 

Al-Juwaiser A, Abdul Karim F, Mallik MK, Sheikh ZA, Khan 

S (2002) Performance of monolayered cervical smears in 

gynecology outpatient setting in Kuwait. Acta Cytol 46: 303-

310.  

7. Al-Awadhi R, Al-Ramadan BA, George SS, Sharma PN, 

Kapila K (2010) Gynecologic infections seen in cervical 

smears in Kuwait. Acta Cytol 54: 50-54. 

8. Al-Awadhi R, Chehadeh W, Kapila K (2011) Prevalence of 

human papillomavirus among women with normal cervical 

cytology in Kuwait. J Med Virol 83:453-460. 

9. Al-Awadhi R, Chehadeh W, Jaragh M, Al-Shaheen A, 

Sharma P, Kapila K (2013) Distribution of human 

papillomavirus among women with abnormal cervical 

cytology in Kuwait. Diagn Cytopathol 41: 107-114. 

10. The Bethesda System 2001 guidelines. Available at 

http://www.cap.org/apps/docs/cap_today/pap_ngc/NGC0102_

bethesda_system.pdf. Accessed 13 November 2011. 

11. Lum A, Le Marchand L (1998) A simple mouthwash method 

for obtaining genomic DNA in molecular epidemiological 

studies. Cancer Epidemiol Biomarkers Prev 7: 719-724. 

12. Gravitt PE, Peyton CL, Apple RJ, Wheeler CM (1998) 

Genotyping of 27 human papillomavirus types by using L1 

consensus PCR products by a single–hybridization, reverse 

line blot detection method. J Clin Microbiol 36: 3020-3027. 

13. de Roda Husman AM, Walboomers JMM, van den Brule AJ, 

Meijer CJ, Snijders PJ (1995) The use of general primers GP5 

and GP6 elongated at their 3’ ends with adjacent highly 

conserved sequences improves human papillomavirus 

detection by PCR. J Gen Virol 76: 1057-1062. 

14. Muñoz N, Castellsagué X, de González AB, Gissmann L 

(2006) Chapter 1: HPV in the etiology of human cancer. 

Vaccine 24S3: S3/1-S3/10. 

15. Schmitz M, Scheungraber C, Herrmann J, Teller K, Gajda M, 

Runnebaum IB, Dürst M (2009) Quantitative multiplex PCR 

assay for the detection of the seven clinically most relevalent 

high-risk HPV types. J Clin Virol 44: 302-307. 

16. van Duin M, Snijders PJ, Schrijnemakers HF, Voorhorst FJ, 

Rozendaal L, Nobbenhuis MA, van den Brule AJ, Verheijen 

RH, Helmerhorst TJ, Meijer CJ (2002) Human papillomavirus 

16 load in normal and abnormal cervical scrapes: an indicator 

of CIN II/III and viral clearance. Int J Cancer 98: 590-595. 

17. Lorincz AT, Castle PE, Sherman ME, Scott DR, Glass AG, 

Wacholder S, Rush BB, Gravitt PE, Schussler JE, Schiffman 

M (2002) Viral load of human papillomavirus and risk of 

CIN3 or cervical cancer. Lancet 360: 228-229. 

18. Swan DC, Tucker RA, Tortolero-Luna G, Mitchell MF, 

Wideroff L, Unger ER, Nisenbaum RA, Reeves WC, Icenogle 

JP (1999) Human papillomavirus (HPV) DNA copy number 

is dependent on grade of cervical disease and HPV type. J 

Clin Microbiol 37: 1030-1034. 

19. Snijders PJ, van den Brule AJ, Meijer CJ (2003) The clinical 

relevance of human papillomavirus testing: relationship 

between analytical and clinical sensitivity. J Pathol 201: 1-6. 

20. Lillo FB, Lodini S, Ferrari D, Stayton C, Taccagni G, Galli L, 

Lazzarin A, Uberti-Foppa C (2005) Determination of human 

papillomavirus (HPV) load and type in high-grade cervical 

lesions surgically resected from HIV-infected women during 

follow-up of HPV infection. Clin Infect Dis 40: 451-457. 

http://preview.ncbi.nlm.nih.gov/pubmed?term=%22van%20den%20Brule%20AJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://preview.ncbi.nlm.nih.gov/pubmed?term=%22Meijer%20CJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://preview.ncbi.nlm.nih.gov/pubmed?term=%22Snijders%20PJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract


Al-Awadhi et al. – HPV load in normal and abnormal ThinPrep samples          J Infect Dev Ctries 2013; 7(2):130-136. 

136 

21. Origoni M, Carminati G, Sideri M, Clementi M, Rolla S, 

Candiani M (2012) "Low-grade positivity" of HPV viral load 

after atypical squamous cells of undetermined significance 

(ASC-US) cytology identifies women at low-risk for cervical 

intraepithelial neoplasia grade 2 and 3. Eur J Gynaecol Oncol 

33: 261-264. 

22. Origoni M, Carminati G, Rolla S, Clementi M, Sideri M, 

Sandri MT, Candiani M (2012) Human papillomavirus viral 

load expressed as relative light units (RLU) correlates with 

the presence and grade of preneoplastic lesions of the uterine 

cervix in atypical squamous cells of undetermined 

significance (ASCUS) cytology. Eur J Clin Microbiol Infect 

Dis 31: 2401-2406. 

23. Cricca M, Venturoli S, Morselli-Labate AM, Costa S, Santini 

D, Ambretti S, Musiani M, Zerbini M (2006) HPV DNA 

patterns and disease implications in the follow-up of patients 

treated for HPV16 high-grade carcinoma in situ. J Med Virol 

78: 494-500. 

24. Woodman CB, Collins SI, Young LS (2007) The natural 

history of cervical HPV infection: unresolved issues. Nat Rev 

Cancer 7: 11-22. 

25. Sherman ME, Wang SS, Wheeler CM, Rich L, Gravitt PE, 

Tarone R, Schiffman M (2003) Determinants of human 

papillomavirus load among women with histological cervical 

intraepithelial neoplasia 3: dominant impact of surrounding 

low-grade lesions. Cancer Epidemiol Biomarkers Prev 12: 

1038-1044. 

26. Woodman CB, Collins S (2002) A critique of cohort studies 

examining the role of human papillomavirus infection in 

cervical neoplasia. BJOG 109: 1311-1318. 

27. Sibley CD, Peirano G, Church DL (2012) Molecular methods 

for pathogen and microbial community detection and 

characterization: current and potential application in 

diagnostic microbiology. Infect Genet Evol 12: 505-521.  

28. Cuzick J, Mayrand MH, Ronco G, Snijders P, Wardle J 

(2006) Chapter 10: New dimensions in cervical cancer 

screening. Vaccine 24S3:S3/90-S3/97. 

 

29. Hart KW, Williams OM, Thelwell N, Fiander AN, Brown T, 

Borysiewicz LK, Gelder CM (2001) Novel method for 

detection, typing, and quantification of human 

papillomaviruses in clinical samples. J Clin Microbiol 

39:3204-3212. 

30. Evander M, Edlund K, Gustafsson A, Jonsson M, Karlsson R, 

Rylander E, Wadell G (1995) Human papillomavirus 

infection is transient in young women: a population-based 

cohort study. J Infect Dis 171: 1026-1030. 

 

 
Corresponding author 
Dr. R. Al-Awadhi 

Department of Medical Laboratory Sciences 

Faculty of Allied Health Sciences 

Kuwait University 

PO Box 31470 

Sulaibikhat  90805 

Kuwait 

Telephone:  + 965 9788 0555 

Fax:  + 965 2498 3835   

Email: r.al-awadhi@hsc.edu.kw 

 
Conflict of interests: No conflict of interests is declared.

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jonsson%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Karlsson%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rylander%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wadell%20G%22%5BAuthor%5D

