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Background: Concomitant human immunodeficiency virus 
(HIV) and human papillomavirus (HPV) infection increases 
both HPV persistence and the risk of invasive cervical 
cancer. An estimation of HPV prevalence among HIV-positive 
women in Israel would contribute to improving care for this 
population and preventing morbidity and mortality related 
to cervical cancer.
Objectives: To determine the prevalence of HPV infection 
and cervical cytology abnormalities, and to assess the 
possible influence of HIV infection on HPV carriage in HIV-
positive women attending the Infectious Disease Clinic at 
Soroka University Medical Center. 
methods: The study population included 84 HIV-seropositive 
women. They were examined by a gynecologist and screened 
for HPV genotyping, and Pap smears were obtained for 
cervical cytology. Demographic, behavioral, and HIV infection 
variables were also recorded and analyzed. 
results: Forty-nine (58.3%) of the study participants were 
HPV-positive; 34 of them had oncogenic genotypes. Young 
age (< 16 years) at first sexual intercourse was the only variable 
significantly associated with HPV infection (P < 0.05). Abnormal 
cervical cytology was present in 17 women (20.3%); 21 women 
were referred to colposcopy, which was abnormal in 9 (10.7%). 
conclusions: The prevalence of HPV carriage among HIV-
positive woman in our study was slightly higher than 
published elsewhere. The prevalence of pathological cervical 
cytology was much higher than in the general population. 
An extremely high prevalence of pathological colposcopies 
requiring further treatment was found. Screening for HPV 
and premalignant changes in the uterine cervix is highly 
recommended in the HIV-seropositive population. We 
suggest that colposcopy be considered part of the routine 
workup in HIV-seropositive woman.
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aBstract:

KeY wOrDs:

HIV = human immunodeficiency virus 
HPV = human papillomavirus

i nfection with human papillomavirus is the most com-
mon sexually transmitted infection in the United States 

today [1-3]. There are more than 100 different genotypes 
of HPV. Some genotypes are considered high risk (onco-
genic) because they may be associated with invasive cancers 
of cervix, vulva, penis, anus, and others. Among them are 
genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68 
and 82 [1-3].

Being never or rarely screened for cervical cancer is the 
single most important determinant associated with invasive 
cervical cancer [1,4]. Additional factors increase both HPV 
persistence and the risk of invasive cervical cancer, such 
as immunosuppression from any cause, including human 
immunodeficiency virus infection, smoking, co-infection 
with other sexually transmitted infections, parity, prolonged 
use of oral contraceptives, and nutrition [1,4]. 

The incidence of cervical intraepithelial neoplasia, as con-
firmed by colposcopy, is about five times higher among HIV-
positive than HIV-negative women. Invasive cervical cancer 
is about three times more frequent in HIV-positive women in 
New York City [5]. HPV is 6–18 times more likely to persist 
in HIV-positive women than in HIV-negative women. HIV 
seropositivity and lower CD4+ count are the strongest predis-
posing factors for the persistence of HPV DNA [6]. Highly 
active antiretroviral therapy led to a dramatic decrease in 
morbidity and mortality among HIV patients. Nevertheless, 
the incidence of invasive cervical cancer appears to remain 
unaffected [7,8].

The prevalence of HPV infection and cervical dysplasia in 
HIV-positive women in Israel is not known. An estimation 
of this prevalence would allow improved care for this popu-
lation and would help to prevent morbidity and mortality 
related to cervical cancer. The objectives of this study were 
to determine the prevalence of HPV infection and cervical 
cytology abnormalities, and to assess the possible influence of 
HIV infection parameters on HPV carriage in HIV-positive 
women attending the Infectious Disease Clinic at the Soroka 
University Medical Center in Beer Sheva, southern Israel. 
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age (yrs)
Mean
Median
Range

39.4
36
17–71

marital status
Married
Single
Widowed
Divorced

28/82 (34.1%)
27/82 (32.9%)
15/82 (18.3%)
12/82 (14.6%)

Origin
Ethiopia
Other

63/84 (75.0%)
21/84 (25.0%)

age at first sexual intercourse (yrs)
Mean
Range

16.29
9-27

lifetime number of sex partners
Mean
1–5 partners
6–10 partners
10

3.06
71/81 (87.7%)
2/81 (2.5%)
8/81 (9.9%)

Condom use 13/81 (16%)

History of STI 16/81 (19.8%)

Alcohol use 2/83 (2.4%)

Drug abuse 6/83 (7.2%)

Smoking 13/83 (15.7%)

Prostitution 6/83 (7.2%)

Per capita income (nis)
Mean 1631

Patients anD methODs

The study group comprised 84 consecutive HIV-seropositive 
women aged 17 years and older who were examined by a 
gynecologist (principal author) and screened for HPV geno-
typing and cervical cytology. All participants provided writ-
ten informed consent and were interviewed for demographic 
data and sexual behavior. The study received ethical approval 
from the Local Research Ethics Committee. 

The medical records of participants were reviewed to 
verify the duration of HIV infection and of HAART, and to 
determine CD4+ count at the time of diagnosis. Most recent 
CD4+ count and HIV viral load were also recorded.

Pap smears were screened by a senior cytopathologist. 
The cytological findings were reported as either negative, 
atypical squamous cells of unknown significance, low-grade 
squamous intraepithelial lesion, or high-grade squamous 
intraepithelial lesion.

hPv DetectiOn

Specimen collection and storage:•	  Cervical specimens were 
obtained using PreservCyt solution (Cytyc Corporation, 
Marlborough, MA, USA). The specimen was centrifuged 
at 2500 rpm, and the supernatant was aspirated until 1 
ml of pellet and supernatant were left. Cells were resus-
pended and the sample was frozen at -800C until further 
processing. 
Extraction of nucleic acid:•	  Total nucleic acids were 
extracted from the 1 ml sample and eluted with 55 µl of 
extraction buffer, according to the manufacturer’s instruc-
tions, using NucliSens EasyMag extraction kit and instru-
ment (Biomerieux, France).
HPV genotyping:•	  In order to identify HPV DNA and 
perform HPV genotyping, the extracted sample was 
amplified by nested polymerase chain reaction, and 
amplicons of positive samples were sent for sequencing 
(MBC, HyLab, Rehovot, Israel). The first PCR was per-
formed by utilizing 5 µl of extracted nucleic acid in a total 
reaction volume of 25 µl, using the below listed forward 
and reverse primers: CGTCCMARRGGAWACTGATC 
and GCMCAGGGWCATAAYAATGG. The nested 
PCR was accomplished by utilizing 5 µl of the ampli-
fied DNA from the first PCR in a total reaction volume 
of 50 µl, using the below listed forward and reverse 
primers: TTTGTTACTGTGGTAGATACTAC and 
GAAAAATAAACTGTAAATCATATTC. 

All reactions were carried out using Readymix PCR mas-
ter mix (Thermo Scientific, Germany). 

HAART = highly active antiretroviral therapy
PCR = polymerase chain reaction

statistical analYsis

Sample size (confidence interval 95%, power 80%) was 
calculated using Epi Info Version 4.3.4 software, CDC. For 
categorical variables, proportions were compared using 
Fisher's exact test or chi-square test whenever appropriate. 
Continuous variables were analyzed with Student's t-test or 
the Wilcoxon rank sum test, depending on the validity of the 
normality assumption. The Kruskal-Wallis test was used for 
comparisons of differences in medians. A two-tailed P value 
of < 0.05 was considered significant. All analyses were per-
formed using SPSS version 15 (SPSS Inc., Chicago, Il, USA).

results

Demographic and behavioral characteristics of the study 
population are shown in Table 1. At enrollment in the study, 
the mean duration of HIV infection and of HAART was 53.09 
months and 37 months, respectively. Mean CD4+ count was 
461.10 cells/ml (315.35 cells/ml at the time of the diagnosis). 
In 60 patients (72.3 %) the HIV load was below detection 
limits (< 50 copies/ml). 

Forty-nine (58.3%) of the study participants were HPV-
positive. In 43 (87.8%) of them the genotype was identified. Of 

table 1. Demographic and behavioral characteristics of the study 
population

STI = sexually transmitted infection, NIS = new Israeli shekel
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those, the genotype was oncogenic in 34 (79.1%). Association 
of HPV genotypes with Pap smear results is shown in Figure 
1. Of the 49 HPV-positive women 13 (26.5%) were found to 
be concomitantly infected with two different genotypes. 

Association of HPV with demographic, behavioral and 
HIV variables is shown in Table 2. Young age (< 16 years) 
at first sexual intercourse was the only variable significantly 
associated with HPV infection (P < 0.05). Duration of docu-
mented HIV infection, CD4+ count, HIV viral load, HAART 
treatment and compliance with treatment did not have a sta-
tistically significant effect on HPV prevalence. 

The correlation of pathological Pap smear with colposcopic 
and histological findings is presented in Figure 2. Abnormal 
cervical cytology was present in 17 women (20.3%), of whom 
16 (19.1%) were HPV-positive. Colposcopy was performed in 
21 women, 16 of them due to pathological Pap smear results, 
and the remaining 5 because of equivocal vaginal examination. 
Colposcopy findings were abnormal in 9 women (10.7%), one 
of whom (1.2%) was diagnosed with stage Ib2 cervical cancer 
(HPV 45 genotype) and underwent hysterectomy.

hPv infection P (Or)

negative Positive  

age (yrs)
Mean
Median 
< 30 
> 30 

39.8 ± 11.1
36 (17–71)
6/35 (17.1%)
29/35 (82.9%)

38.7 ± 11.3
36 (18–65)
13/49 (26.5 %)
36/49 (73.5%)

0.656

0.228

Origin
Ethiopian 24/35 (68.6%) 39/49 (79.6%) 0.185

age at first sexual intercourse 
Mean
Median
< 16 yrs

17.4 ± 2.9
17.5 (12-27) 
10/29 (34.5%)

15.5 ± 2.7
15 (9-22)
34/47 (72.3%)

0.006

0.001 (1.8-13.4)

lifetime no. of sex partners
< 3 29/34 (85.3%) 42/49 (85.7%) 0.598

no. of pregnancies
< 3 23/35 (65.7%) 25/49 (51%) 0.132

Condom use 6/35 (17.1%) 7/49 (14.3%) 0.475

History of STIs 7/35 (20%) 9/49 (18.4%) 0.533

Drug abuse 1/34 (2.9%) 5/49 (10.2%) 0.209

Smoking 8/34 (23.5%) 5/49 (10.2%) 0.092

Duration of documented hiv
< 2 yrs 9/35 (25.7%) 24/49 (49%) 0.26

cD4+ count at diagnosis
< 200 10/35 (28.6%) 23/48 (47.9%) 0.06 (0.9–5.8)

cD4+ count, current
< 200 3/35 (8.6%) 11/48 (22.9%) 0.074

hiv rna, current

Undetectable 27/35 (77.1%) 33/48 (68.8%) 0.277

HAART 30/35 (85.7%) 41/49 (83.7%) 0.525

Compliance 31/35 (88.6%) 37/45 (82.2%) 0.321

table 2. Association of HPV with demographic, behavioral, and HIV variables Figure 1. Association of HPV genotypes with Pap smear results 

Subjects with positive HPV DNA 
49 (58.3 %)

Identified genotypes
43 (87.8 %)

Unidentified genotypes
6 (12.2 %)

Oncogenic genotypes
34 (79.1 %)

Non-oncogenic genotypes*
9 (20.9 %)

Genotypes 16, 18
19 (55.9 %)

Other genotypes** 
15 (44.1 %)

Pathologic Pap smear 
12 (35.3 %)

Pathologic Pap smear 
4 (44.4 %)

*66, 72, 81
**33, 45, 82

Figure 2. Correlation of pathological Pap smear with colposcopic 
and histological findings 

*One patient with LSIL refused colposcopy

Pathologic
17 (20.3%)

HSIL
1 (1.2%)

LSIL
16 (19.1%)

Colposcopy 
21*

Non-pathologic 
67 (79.7%)

Equivocal vaginal 
examination 5 (6%)

Normal
12 (14.3%)

Pathological 
9 (10.7%)

Hysterectomy
1 (1.2%)

CIN 3 uninvolved 
margins
5 (6%)

CIN 1-2 
involved margins

1 (1.2%)

Referred for hysterectomy

Uterine cervix conization
8 (9.5%)

Normal 
histology
2 (2.3%)

Total PAP 84
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In the general population, younger age, unmarried status, 
and multiple sexual partners are independent risk factors for 
HPV acquisition [2]. Among HIV-positive women, young age 
(< 16) at first sexual intercourse was found to be an additional 
risk factor for concomitant HPV infection [11], as was con-
firmed in our study. We were not able to identify other behav-
ioral risk factors for HPV acquisition in HIV-positive women, 
which may be due to the limited size of the study population.

The prevalence of HPV carriage in our study was 58.3%, 
which appears to be higher than in other published studies 
(33–47%) [11]. As previously reported [16,17], we also found 
a high prevalence (79.1%) of oncogenic genotypes, including 
16 and 18 in HPV-positive women. 

In immunocompetent women, HPV prevalence is at its 
peak in those under the age of 35 [18]. We found no sig-
nificant difference in prevalence of HPV carriage between 
women aged above or below 30. This may be explained by the 
inability of HIV-positive women to clear HPV [19]. 

The prevalence of pathological cervical cytology in our 
study population was much higher than in the general popu-
lation of Israel [10]. As in many other studies that evaluated 
HIV-HPV co-infection [6,20,21] we also found a high preva-
lence of pathological cervical cytology (20.3%). 

The present study demonstrated an extremely high preva-
lence of pathological colposcopies (10.7%), indicating the need 
for further treatment. Screening for HPV and premalignant 
changes of the uterine cervix is highly recommended in HIV-
seropositive women. A very high prevalence of pathological 
colposcopies (10.7%), eventually requiring cone biopsies and 
surgical procedures, may suggest considering colposcopy as 
part of the routine workup in this population. 

It is well established that prophylactic HPV vaccines can 
reduce morbidity and mortality associated with cervical can-
cer and other HPV-associated diseases [22,23]. Thus, HPV 
vaccination should be considered in all HIV-infected women. 
However, due to the paucity of data regarding efficacy and 
safety of HPV vaccine in HIV-infected individuals [24], there 
is still no unequivocal recommendation to vaccinate all HIV-
infected women.

There was no control group in our study, since its proclaimed 
purpose was to evaluate the prevalence of HPV and cervi-
cal cytology abnormalities in a specific population of women 
infected with HIV in southern Israel. In view of the results of 
the present study, as well as the known low incidence of cervical 
cancer in Jewish women [25], we plan a larger, country-wide 
study that would evaluate the prevalence of HPV and cervical 
cytology abnormalities in the general HIV population of Israel. 

corresponding author:
Dr. l. leibenson
Division of Obstetrics and Gynecology, Soroka University Medical Center, Beer 
Sheva 84101, Israel. Phone: (972-8) 640-0700, Fax: (972-8) 648-2059
email: lilachmaxleibenson@gmail.com 

Cervical conization was performed in 8 women (9.5%). In 
one case (1.2%) CIN 1-2 with marginal involvement (HPV 45 
genotype) was detected and the patient was referred for hys-
terectomy. In 5 women (6%) CIN 3 with uninvolved margins 
was detected (one with non-oncogenic HPV 81 genotype). 

While a pathological cervical cytology was found in 16 of 
the 49 HPV-positive women (32.7%), abnormal Pap smear 
was detected in only one (low-grade squamous intraepithelial 
lesion, CIN 3) of 35 HPV-negative women (2.8%) (P < 0.001). 

DiscussiOn 

To the best of our knowledge this is the first study conducted 
in Israel to evaluate the prevalence of HPV infection and cer-
vical dysplasia in HIV-positive females. There are no pub-
lished studies addressing the prevalence of HPV infection in 
the general population in Israel. One study found that 44% 
of 84 women referred to colposcopy were positive for high-
risk HPV infection [9]. However, since the population of that 
study was pre-selected, it would be hard to extrapolate from 
the data to the general population in Israel. 

Although the rates of high-grade squamous intraepithelial 
lesions and of low-grade squamous intraepithelial lesions in 
Israel (0.69% and 0.29%, respectively) are comparable with 
those around the world, the incidence of cervical cancer 
(5/100,000) is among the lowest [10].

As known from previous studies, there is a correlation 
between low socioeconomic status and HPV infection in 
HIV-infected women [11]. Among the 84 women enrolled in 
the present study, 54 (66%) were unmarried and 64 (75.3%) 
were immigrants from Ethiopia.

Several studies indicate that high plasma HIV level and 
low CD4+ count are strong predictors of HPV-associated cer-
vical disease [12-15]. Our data, as shown in Table 2, though 
not statistically significant, confirm the correlation between 
low CD4+ count and HPV-associated cervical disease in HIV-
infected women. We did not find any correlation between the 
prevalence of HPV infection and duration of HIV carriage, 
HAART, HIV RNA levels, and extent of compliance. 

In our study, 12 of 34 women (35.3%) with oncogenic HPV 
genotype, and 4 of 9 (44.4%) with non-oncogenic HPV geno-
type had cervical cytological abnormalities. A similar observa-
tion was made among HIV-positive women in the Bahamas 
[11]. This finding implies that infection with low-risk HPV 
genotypes may play a role in the increased rate of cervical cyto-
logical abnormalities in immunocompromised patients.

Infection with multiple HPV genotypes is common in 
HIV-infected women and stands at 11.9% in an extensive 
meta-analysis [16]. In our study we found that over a quarter 
(26.5%) of the women were infected with two genotypes. 

CIN = cervical intraepithelial neoplasia
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Lassa virus, the causative agent of Lassa fever, causes thousands 
of deaths annually and is a biological threat agent, for which 
there is no vaccine and limited therapy. The nucleoprotein (NP) 
of Lassa virus has essential roles in viral RNA synthesis and 
immune suppression, the molecular mechanisms of which are 
poorly understood. Qi et al. report the crystal structure of Lassa 
virus NP at 1.80 Å resolution, which reveals amino (N)- and 
carboxy (C)-terminal domains with structures unlike any of the 
reported viral NPs. The N domain folds into a novel structure 
with a deep cavity for binding the m7GpppN cap structure that 

is required for viral RNA transcription, whereas the C domain 
contains 3'–5' exoribonuclease activity involved in suppressing 
interferon induction. The authors declare that to the best of 
their knowledge this is the first X-ray crystal structure solved 
for an arenaviral NP, which reveals its unexpected functions 
and indicates unique mechanisms in cap binding and immune 
evasion. These findings provide great potential for vaccine and 
drug development.

Nature 2010; 468: 779
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capsule

cap binding and immune evasion revealed by lassa nucleoprotein structure

“human beings, who are almost unique in having the ability to learn from the experience  
of others, are also remarkable for their apparent disinclination to do so” 

Douglas Adams (1952-2001), English writer and dramatist. He is best known as the author of The Hitchhiker’s Guide to the Galaxy, 
which started life in 1978 as a BBC radio comedy before developing into five books that sold over 15 million copies in  

his lifetime, a television series, several stage plays, comics, a computer game, and in 2005 a feature film




