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Clinical and epidemiological studies have confirmed that high-risk human
papillomavirus (HR-HPV) infection (genotypes 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58 59, and 68) 1s the direct cause of cervical intraepithelial neoplasia
(CIN) and cancers. This study was designed to determine whether viral loads in
relation with progression of HPV infections using real-time PCR. According to
cytological test, 110 and 12 of suspected women with abnormal and normal
cytologic changes were selected. Results showed that 35/110 and 2/12 women
were positive for HR-HPV DNA. Results showed the median of viral load
increasing in high-grade cervical intraepithelial neoplasia (CIN II, Il and
cancer) and associated with the severity of lesion (786 copies/ml equivalent for
CIN 1II, 2,037,000 copies/ml equivalent for CIN III, and 956,840 copies/ml
equivalent for invasive cancer). Meanwhile, the median of viral load in CIN I
showed more 250-fold higher than that of HPV infected women with normal
cytology (183,700 copies/ml equivalent for CIN I and 683 copies/ml equivalent
for normal cytology). Although the viral load was increased with primary
infection and specific genotypes, high viral load was accompanied with severity
of disease.
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INTRODUCTIN

Clinical and epidemiological studies have confirmed that high-risk human
papillomavirus (HR-HPV) infection (types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58 59, and 68) 1s the direct cause of cervical intraepithelial neoplasia (CIN) and
cancers [1, 2]. However, the relationship between HR-HPV wviral load and
histological severity of cervical pre‘gfncig)us lesions 1s still controversial. Some
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studies have found that different levels of HR-HPV correlate with grades of CIN
[2, 3, 4. 5, 6], while others have reported no significant correlations [7, 8, 9], or
only a high viral load of HPV-16 positively associated with the severity of
cervical lesions [1, 10, 11, 12, 13]. Other studies revealed lower amounts of HR-
HPV in the cervical samples of women with CIN3 compared with CIN2 [14].
This study was designed to determine whether viral loads in relation with
progression of HPV infections using real-time PCR.
MATERIALS AND METHODS

1- Study design

According to cytological test, 110 and 12 of suspected women with abnormal
and normal cytologic changes were selected for this study. All women suffered
from chronic inflammation and abnormal appearance of their cervix by
gynecologist examination. Meanwhile, 10 health women as a control group were
mainly depending on the absence of clinical symptoms and cervical cytological
changes. All cervical samples were attending Women Health Center- Al-Alwia
hospital and Al-kadhmia teaching hospital in Baghdad during the period from
February to December 2010.

2- Cervical cell samples
Cotton swabs were used to collect ecto-and endocervical samples from selected
women. Sample was immersed 1n a tube containing Tris-EDTA buffer (PH 7.4).
All samples were stored at -20c¢ until real-time PCR tested.

3- HPV DNA detection

Real-time PCR  was  used for screening 13 HR-HPV
(16,18,31,33,35,39,45,51,52,56,58,59 and 68) in one reaction tube (HybriBio
Real-Time HR-HPV PCR Kit, HongKong). This kit was used for in vitro
detection and viral load estimation for these HPV genotypes. DNA extraction
and PCR amplification were performed according to instructions Kkit.

4- Viral load calculation

For performance of quantitative real-time PCR, Standard dilutions were
prepared first as follows. Sterile water was used for dilution. Positive control
(1x107 copies/ml) was taken as the starting high standard in the first tube. 36l
sterile water was pipetted into next six tubes, then added 4ul in each tube of
these from it prior tube, vortex, placed in water bath at 60 C° for 5 min and
mixed thoroughly for each tube.
Normalized viral load was calculated threshold cycle number (Ct) values for
each sample automatically then applied to standard curve to express as copies of

virus per ml according to the formula described by instruction protocol:
Viral load (HPV copies/ml) = Number of HPV copiesxR, value
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R,: Coefficient determinant. Standard curve was generated by plotting the Ct
values against the log of the copy numbers and the copy numbers for unknown
samples inferred from the regression line [15].
RESULTS AND DISCUSSION

Results showed that 35/110 and 2/12 women were positive for HR-HPV
DNA. Viral DNA copy number for the most HR-HPV types in cervical samples
was determined from 35 women with low and high-grade cervical intraepithelial
neoplasia (CIN L, II, Il and SCC), and two with normal cytology. However, the
viral load of the 33 samples spread over a wide range from 1x10 to 9.4x10°
copies/ml (mean 4.17x10* copies/ml). In addition, remaining two samples were
around the standard curve values as: one had a Ct nearby Ct of the first standard
concentration (1x107 copies/ml) and the other sample had a Ct 5 cycles more
than that of the concentration (1x107 copies/ml). Thus, the viral loads of these
samples were approximately 5x10” and 1x10° considered, respectively according
to results obtained by Mackay ef al. (2002), who reported that amount of
amplicon increases at rate of approximately one logy every two-three cycles
[16]. HPV wiral load was classified as low or high according to median HPV
DNA titer and examined for 1its prognostic value [17]. Consequently the HPV
viral load < 10,000 copies/ml was considered as low viral load, viral load more
than > 100,000 copies/ml was considered as high viral load while the range of
10,000 - 100,000 copies/ml was considered as slightly high wviral load .
According to data mentioned above viral load in the present study was estimated
approximately 46% (16/35) constituted as high viral load, 34% (12/35) as low
viral load and 20% (7/35) as slightly high viral load.

Results showed the median of viral load increasing in high-grade cervical
intraepithelial neoplasia (CIN II, III and cancer) and associated with the severity
of lesion (786 copies/ml equivalent for CIN II, 2,037,000 copies/ml equivalent
for CIN III, and 956,840 copies/ml equivalent for invasive cancer). Meanwhile,
the median of viral load in CIN I showed more 250-fold higher than that of HPV
infected women with normal cytology (183,700 copies/ml equivalent for CIN I
and 683 copies/ml equivalent for normal cytology) (Table 1). On the other hand,
women with CIN II/Ill had a median amount of HPV DNA, which was more
than 11-fold higher than that of HPV infected women with CIN I and
approximately 3000-fold higher than that HPV positive cytologically normal
women and approximately 2-fold higher than that of HPV infected women with
SCC. This effect was observed in women infected with a single HPV and in
those infected with multiple types. Our results are agreed with previous reports
have suggested that high HPV DNA copy number is associated with cytologic
abnormalities and that HPV-positive women with normal cytology are often
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observed to have very low wviral loads with minimal risk of subsequent

progression to cancer [18].

Table 1. The Relationship between Clinical presentation and Viral Load

Studied group No. of cases Mean of viral load

copies/ml

CINT 22 18.37 x 10"

CIN 1T 3 0.786 x 10°

CIN IIT 2 2037 x 10’

Cancer 6 95.684 x 10°

Normal cytology | 2 6.825 x 10°

LSD value -- 34473 *

LSD: Least Significance Differences, * Significant differences

(P<0.05).

These data suggested that the increase of viral load in some cases may be
resulted from the infections with multiple types or that samples were harboring
the pure episomal state of the virus, which may allow accumulation of higher
numbers of copies as noticed by Cheung ef al. (2008) and Garcia et al. (2011) or
because of the recent replication of HPV 1n SIL as observed by Coutlee et al.
(2009) [19, 20, 21].

Other cases have low viral load< 1000 copies/ml were either represented as

latent infection or because of HPV integration with the host genome, which
resulted in reduction of viral DNA copy number [17]. These results are
supported by other studies which showed that the low HR-HPV DNA viral load
found in some cervical carcinoma cell lines such as SiHa cells (1-2 copies/cell
for HPV-16) and Hela cells (10-50 copies/cell for HPV-18). However, the low
viral load, particularly with a common integrated viral genome and high
expression of its oncoproteins, may be sufficient to lead to or promote
carcinogenesis [22].
Schlecht et al. (2003), observed that higher crude viral load in high-grade
lesions may be explained by the fact that abnormal cells express fewer
intracellular adhesion molecules than the normal cells and thus are more readily
exfoliated [9]. These differences in wviral load observed among cytological
abnormalities may indicate that varying levels of viral replication are needed to
disrupt the cellular homeostasis and induce biological changes that lead to
cervical disease [23].

Approximately 29% of HR-HPV infections at LSIL with high viral load may
also predicate the higher risk of progression to CIN I/II, which was
comparable to other observation [24]. Also, Castle ef al. (2005), observed that
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high viral loads (>10° copies) at baseline was predicting disease progression

among women with LSILs [25].

There are statistically significant for viral load differences within the clinical
groups (p<0.05). However, some studies suggested that the increasing amount of
HPV in higher CIN stages indicates dose-response association between viral
load and lesion grade [26]. Other study reported that the viral load was
associated with lesion size rather than lesion severity. A high viral load could be
used as a short- term marker of progression towards precancerous lesions,
although lower load does not inevitably exclude progress of disease [27]. The
hypothesis of Peitsaro ef al. (2002), that high viral loads are likely to increase
the risk for events initiating dysplasia such as viral integration [28]. However,
HPV DNA loads showed a specific but not sensitive diagnostic marker to define
cervical disease status [1].

REFERENCES:

[1] Moberg, M.; Gustavsson, 1.; Wilander, E. and Gyllensten, U. 2005. High

viral loads of human papillomavirus predict risk of invasive cervical carcinoma.

Br I Cancer.,92: 891-894.

[2] Einstein, M.H.; Studentsov, Y.Y.; Ho, G.Y.; Fazzar1, M.; Marks, M.; Kadish,
A.S.; Goldberg, G.L.; Runowicz, C.D. and Burk, R.D. 2007. Combined
human papillomavirus DNA and human papillomavirus-like particle
serologic assay to 1identify women at risk for high-grade cervical
intraepithelial neoplasia. Int J Cancer. 120:55-59.

[3] Lorincz, A.T.; Castle, P.E.; Sherman, M.E.; Scott, D.R.; Glass, A.G.;
Wacholder, S.; Rush, B.B.; Gravitt, P.E.; Schussler, J.E. and Schiffman, M.
2002. Viral load of human papillomavirus and risk of CIN3 or cervical
cancer. Lancet. 360:228-229.

[4] Tsai, H'T.; Wu, C.H.; Lai, HL.; Li, RN.; Tung, Y.C.; Chuang, H.Y.; Wu,
TN.; Lin, L..J; Ho, CK.; Liu, HW. and Wu, M.T. 2005. Association
between quantitative high-risk human papillomavirus DNA load and cervical
intraepithelial neoplasm risk. Cancer Epidemiol Biomarkers Prev., 14: 2544-
2549,

[5] Ylitalo, N.; Sorensen, P.; Josefsson, A.M.; Magnusson, P.K.E.; Andersen,
P.K.; Ponten, J.; Adami, H.O.; Gyllensten, U.B. and Melbye, M. 2000.
Consistent high viral load of human papillomavirus 16 and risk of cervical
carcinoma 1n situ: a nested case-control study. Lancet, 355:2194-2198.

[6] Sun, C.A.; Lai, H.C.; Chang, C.C.; Neih, S.; Yu, C.P.; and Chu, T.Y. 2001.
The significance of human papillomavirus viral load in prediction of
histologic severity and size of squamous Intraepithelial Lesions of Uterine
Cervix. Gynecol Oncol , 83:95-99.

/@%

2013 toancd)s glud) 5. %2181 [

w28 28 Al




Correlation of Viral Load, Disease Severity and High Risk-Human
PapillomaVirus (HR-HPYV) in Abnormalities of Cervical Samples... .
Hula Y. Fadhil, Dhuha S. Saleh, Faisal G. Al- Hamdam

[7] Dalstein, V.; Riethmuller, D.; Pretet, J.I..; Carval, K.L..B.; Sautiere, J.L.;
Carbillet, J.P.; Kantelip, B.; Schaal, J.P. and Mougin, C. 2003. Persistence
and load of high-risk HPV are predictors for development of high-grade
cervical lesions: a longitudinal French cohort study. Int J Cancer, 106: 396-
403.

[8] Clavel, C.; Masure, M.; Bory, I.P.; Putaud, I.; Mangeonjean, C.; Lorenzato,
M.; Gabriel, R.; Quercux, C. and Birembaut, P. 1999. Hybrid Capture II-
based human papillomavirus detection, a sensitive test to detect in routine
high-grade cervical lesions: a preliminary study on 1518 women. Br J
Cancer, 80:1306-1311.

[9] Schlecht, N.F.; Trevisan, A.; Duarte-Franco, E.; Rohan, T.E.; Ferenczy, A.;
Villa, L.L.. and Franco, E.I.. 2003. Viral load as a predictor of the risk of
cervical intraepithelial neoplasia. Int J Cancer , 103:519-524.

[10] Woodman, C.B.; Collins, S.; Winter, H.; Bailey, A.; Ellis, J.; Prior, P.;
Yates, M.; Rollason, T.P. and Young, ..S. 2001. Natural history of cervical
human papillomavirus infection in young women: a longitudinal cohort
study. Lancet, 357: 1831-1836.

[11] Syrjanen S, Shabalova I, Petrovichev N, Kozachenko V, Zakharova T,
Pajanidi J, Podistov J, Chemeris G, Sozaeva L, Lipova E, Tsidacva 1,
Ivanchenko O, Pshepurko A, Zakharenko S, Nerovina R, Kljukina L,
Erokhina O, Branovskaja M, Nikitina M, Grunberga V, Grunberg A,
Juschenko A, Cintorino M, Santopietro R, Tosi P and Syrjanen K. 2005,
Factors predicting persistence of high-risk human papillomavirus (HPV)
infections in women prospectively followed-up in three New Independent
States (NIS) of the former Soviet Union. Eur J Gynaecol Oncol, 26:491-
498.

[12] Sherman ME, Wang SS, Wheeler CM, Rich L, Gravitt PE, Tarone R, and
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.

[13] Clavel C, Masure M, Levert M, Putaud I, Mangeonjean C, Lorenzato M,
Nazeyrollas P, Gabricl R, Quereux C and Birembaut P. 2000. Human
papillomavirus detection by the hybrid capture II assay: a reliable test to
select women with normal cervical smears at risk for developing cervical
lesions. Diagn Mol Pathol, 9:145-150.

[14] Josefsson AM, Magnusson PK, Ylitalo N, Sorensen P, Qwarforth-Tubbin
P, Andersen PK, Melbye M, Adami HO and Gyllensten UB. 2000. Viral
load of human papilloma virus 16 as a determinant for development of

2013 axeadts ghad) o sl AL 300 28 ALy




Correlation of Viral Load, Disease Severity and High Risk-Human
PapillomaVirus (HR-HPYV) in Abnormalities of Cervical Samples... .
Hula Y. Fadhil, Dhuha S. Saleh, Faisal G. Al- Hamdam

cervical carcinoma 1in situ: a nested cas case-control study. Lancet ,
355:2189-2193.

[15] Josefsson, A.; Lirak, K. and Gyllensten, U. 1999. Detection and
quantitation of HPV by using the fluorenscent 5 exonuclease assay. J.
Clinc. Microbiol. 37:490-496.

[16] Mackay, ILM.; Arden, K.E. and Nitsche, A. 2002. Real-Time PCR 1n
virology. Nucleic Acids Res., 30: 1292-1305.

[17] Youngkim, J.; Park, S. Nam, B.H.; Lee, H.; Kong, Y.K.; Song, M. W.;
Flan, T.J. and Park, L. 2009. Low initial HPV Viral load implicates worse
prognosis in patients with uterine cervical cancer treated with radiotherapy.
J. Clin. Oncol., 27: 5088-5093.

[18] Kovacic, M.B.; Philip, E.; Castle, E. and Herrero, R. 2006. Relationships
of Human Papillomavirus Type, Qualitative Viral Load, and Age with
Cytologic Abnormality. Cancer Res, 66:10112-10119.

[19] Cheung, J. L..; Cheung, T. H. ; Tang, J. W. and Chan, P. K. 2008. Increase
of mtegration events and infection loads of human papillomavirus type 52
with lesion severity from low-grade cervical lesion to invasive cancer. J.
Clin. Microbiol., 46:1356—-1362.

[20] Garcia, D. A.; Cid-Arregui, A.; Schmitt, M.; Castillo, M.; Bricefio, I. and
Aristizabal, F. A. 2011. Highly Sensitive Detection and Genotyping of
HPV by PCR Multiplex and Luminex Technology in a Cohort of
Colombian Women with Abnormal Cytology. The Open Virol. J., 5: 70-79.

[21] Coutlee, F.; Trottier, H.; Gagnon, S.; Koushik, A.; Richardson, H.;
Fereuczy, A.S. and Franco, E. 2009. Low-risk HPV type 6 DNA load and
integration in cervical samples from women with Squamous intraepithelial
lesion. J. Clin. Virol., 45: 96-99.

[22] Zhang, D.; Zhang, Q., Zhou, L.; Huo, L.; Zhang, Y.; Sheu, 7. and Zhu, Y.
2010. Comparison of prevalence, viral load, physical status and expression
of HPV-16,-18 and -58 in esophageal and cervical cancer: a case-control
study. BMC Cancer, 10:650-657.

[23] Hudelist, G.; Manavi, M.; Pischinger, K.1.D.; Watkins-Riedel, T.; Singer,
C.F.; Kubista, E. and Czerwenka, K.F. 2004. Physical state and expression
of HPV DNA in benign and dysplastic cervical tissue: different levels of
viral integration are correlated with lesion grade. Gynecol. Oncol., 92:873—
80.

[24] Flores, R.; Papenfuss, M.; Klimecki, W.T. and Giuliano, A.R. 2006. Cross-
sectional analysis of oncogenic HPV wviral load and cervical intraepithelial
neoplasia. Int.J. Cancer, 118:1187-1193.

[25] Castle, P.E.; Solomon, D.; Schiffman, M. and Wheeler, C.M. 2005. Human
pap1110mav1rus type 16 1nfec£0ns U@nd 2-year absolute risk of cervical

a
2013 et lud) o unlh % Aeoloo 39 s A 208 s




Correlation of Viral Load, Disease Severity and High Risk-Human
PapillomaVirus (HR-HPYV) in Abnormalities of Cervical Samples... .
Hula Y. Fadhil, Dhuha S. Saleh, Faisal G. Al- Hamdam

precancer in women with equivocal or mild cytologic abnormalities. J. Natl.
Cancer Inst., 97: 1066— 1071.

[26] Tabora, N.; Ferrera, A.; Bakkers, M.J.E.; Massuger, F.A.G. and Melchers,
W.J.G. 2008. High HPV 16 viral load 1s associated with increased cervical
dysplasia in Honduran women. Am. J. Trop. Med. Hyg., 78(5):843-846.

[27] Andersson, S.; Safari, H.; Mints, M.; Lewensohu, 1.; Gyllenten, U. and
Johansson, B. 2005. Type distribution, viral load and integration status of
high-risk HPV in pre-stages of cervical cancer (CIN). Br. J. cancer, 92:
2195-2200

[28] Peitsaro, P.; Johansson, B.; Syrjanen, S. 2002. Integrated HPV type 16 1is
frequently found in cervical cancer precursors as demonstrated by a noval

quantitative real-time PCR technique. J. Clin. Microbiol., 40:886-891.

2013 axeadts ghad) o sl AL 300 28 ALy




