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ABSTRACT 

Introduction: Human papillomavirus (HPV) is the most commonly occurring 

sexually transmitted infection and is a necessary cause of cervical cancer. The 

progression from HPV infection to cervical cancer is incompletely understood. Innate 

immune response to HPV infection has recently been identified as a potential cofactor in 

this progression. This study examined potential association(s) between killer cell 

immunoglobulin-like receptors (KIR) and HPV infection. HPV concordance was 

estimated among heterosexual couples demonstrating the complexity of HPV infection. 

Methods: HPV concordance was cross-sectionally estimated in 29 heterosexual 

couples. A polymerase chain reaction based assay for KIR genotyping was developed and 

validated. 283 women from the Young Women’s Health Study and 259 men from the 

HPV Infection in Men: A Prospective Cohort Study had HPV infection data and samples 

available for KIR genotyping. Associations between KIR genotype and haplotype with 

HPV prevalence, incidence and clearance were assessed.  

Results: Among 29 couples, prevalence for any HPV type was comparable 

between women 86.2% and men, 75.9%. Partial concordance was observed in 66% of the 

couples. Forty-one percent (41%) of couples had perfect concordance. A high degree of 

concordance was observed, however HPV type distributions differed in men and women. 

In women from the YWHS, KIR2DS5 was significantly associated with oncogenic HPV 

prevalence (Odds ratio [OR]: 0.56, 95% Confidence Interval [CI]: 0.31-0.99). Any HPV 

incidence was significantly associated with KIR2DL2 (Hazards Ratio [HR]: 2.11, 95% 

CI: 1.0-4.44), KIR2DS2 (HR: 2.44, 95% CI: 1.13-5.24), KIR2DS3 (HR: 2.36, 95% CI: 
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1.16-4.81), and KIR haplotype B (HR: 2.48, 95% CI: 1.02-6.02). Women lacking 

KIR2DS5 had an increased risk of any HPV acquisition in the presence of KIR2DL2 

(HR: 2.95, 95% CI: 1.28-6.86), KIR2DS2 (HR: 3.33, 1.39-7.99), or KIR2DS3 (2.77, 95% 

CI: 1.24-6.19). In Men, KIR2DS3 was significantly associated with increased probability 

of any HPV clearance (HR: 1.91, 95% CI: 1.04-3.49).  

Conclusions: This research contributes to our understanding of HPV infection 

dynamics through the assessment HPV type concordance in sexual partners. Additionally, 

through the development of an assay for KIR genotyping, we were able to identify 

associations with KIR gene positivity and HPV prevalence, incidence, and clearance in 

men and women. 
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INTRODUCTION 

I. Explanation of problem 

Human papillomavirus (HPV) infection is a necessary cause of cervical cancer 

(1). Several cofactors, including smoking, multiple-type HPV infection, and nutritional 

deficiencies, have been identified as risks for persistent HPV infection and subsequent 

progression to cervical lesions and cancer. However, a complete understanding of the 

progression from HPV infection to cervical cancer is lacking. The host’s innate immune 

response to initial HPV infection is a logical cofactor in this progression but this factor 

has only recently been evaluated as a risk for cervical cancer or its precursor lesions (2, 3, 

4). Although women bear the greatest burden due to HPV-related diseases, including 

cancer, men play an important role in cervical cancer risk (5, 6), serving as asymptomatic 

reservoirs for the virus with the potential to transmit infection to female sexual partners. 

It is also important to examine risk factors for persistent HPV infection in men and 

women, as longer-lasting infections might be expected to increase the likelihood of 

transmission between sexual partners.  

The goal of this dissertation is to better understand the role of host innate 

immunity in susceptibility to HPV infection. The aim of this dissertation is to study the 

potential association of genetic variability of natural killer cell immunoglobulin-like 

receptors (KIR) with HPV prevalence, incidence, clearance, and persistence. 

Additionally, HPV type specific concordance was estimated among heterosexual couples 

engaging in sexual relationships to demonstrate the complexity of HPV infection in men 

and women. Results from this study can provide future direction for 1) making better 
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estimates of individual risk for persistent HPV infection to tailor cervical screening and 

2) development of therapies that mimic the action of innate immunity to assist in more 

rapid clearance of HPV infection. This research utilizes data and samples from three 

previously completed studies assessing HPV infection in men and women. The first set of 

data was from the HPV in Partners Pilot Study.  The remaining data came from two 

recently completed cohort studies of HPV infection in women from the Young Women’s 

Health Study  (7) and men from the HPV Infection in Men: A Prospective Cohort Study 

(7, 8). In both prospective cohort studies, biological specimens were collected at multiple 

time points to assess HPV infection status and behavioral risk factor data were also 

collected. The specific aims and hypotheses are as follows: 

A. Specific Aims 

1. Estimate HPV type specific concordance in heterosexual couples involved in 

sexual relationships (Manuscript #1: Human papillomavirus type distribution 

among heterosexual couples). 

2. Develop an efficient and validated method for genotyping of the KIR locus 

(Manuscript #2: Design and validation of a multiplex specific primer-directed 

polymerase chain reaction assay for killer-cell immunoglobulin-like receptor 

genetic profiling). 

3. Describe the main effect of individual KIR genes and KIR Haplotype on the 

prevalence of HPV infection, incidence of HPV infection, and clearance of HPV 

infection in a cohort of women from the Young Women’s Health Study. 
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(Manuscript #3: Activating killer-cell immunoglobulin like receptor status and 

Human papillomavirus incidence in women). 

 

B. Secondary Aim 

1. Explore the main effects of KIR genotype and haplotype on HPV prevalence, 

incidence, and clearance, in a subset of men from the HPV Infection in Men: A 

Prospective Cohort Study, comparing results with the Young Women’s Health 

Study. 

 

C. Hypotheses 

a. Women with the activating KIR3DS1 will be less likely to have persistent 

HPV infection. 

b. Women with the activating KIR Haplotype B will be less likely to have 

persistent HPV infection. 

c. Men with the activating KIR3DS1 will be less likely to have persistent 

HPV infection. 

d. Men with the activating KIR haplotype B will be less likely to have 

persistent HPV infection. 
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II. Dissertation format 

 This dissertation is presented as two chapters and three appendices. The first 

chapter presents the research problem, specific aims, and a review of the literature 

pertinent to this research. The second chapter contains methodology used to address the 

various study aims and a summary and discussion of results. Three appendices are 

manuscripts accepted or submitted for publication. All manuscripts were written by the 

degree candidate as first author, with input from the coauthors. These manuscripts are 

based on three individual epidemiologic studies involving populations at risk for HPV 

infection. The candidate substantively contributed in these areas: database development 

and maintenance, clinical sample processing, assay development and implementation, 

and study management. All analyses and interpretations represent the candidate’s 

independent and original contribution, completed with the advice of the dissertation 

committee and coauthors.  

 Appendix A contains a complete description of study methods and results from a 

Partner’s Pilot Study on HPV prevalence and HPV type distribution and concordance in 

29 couples engaged in sexual relationships. This manuscript also provides a description 

of the recruitment of participants, clinical sampling, HPV detection methods, and the 

demographic characteristics of the population sampled. 

 Appendix B describes the development and validation of a KIR genotyping assay 

that was necessary to genotype samples from individuals at risk for acquiring HPV 
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infections, in order to investigate associations between KIR genotype and HPV infection 

status in two prospective cohort studies.  

 Appendix C presents KIR gene carrier frequencies and identifies KIR genes 

associated with HPV prevalence, incidence, and clearance among three classes of HPV 

infection—any type, oncogenic, and non-oncogenic—among women participating in the 

Young Women’s Health Study. Associations with KIR genotype and HPV prevalence are 

presented in bivariate logistic regression analyses, and factors associated with HPV 

incidence and clearance are presented through Kaplan-Meier survival estimates and Cox-

proportional hazards regression analysis. 
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III. Background – literature review 

A. Overview of the HPV related burden 

 Human papillomavirus (HPV) is one of the most commonly occurring sexually 

transmitted infections among sexually active people in the United States (U.S.)  (9). 

Infection with HPV is a necessary cause of cervical cancer in women (1) and is also 

linked to anal and penile cancers in men and HPV related precancerous lesions in both 

men and women (10), including cervical intraepithelial neoplasia (CIN) and 

adenocarcinoma in situ (AIS). HPV also causes anogenital warts in men and women, 

which are the most common outcome associated with HPV (11). Cervical cancer is the 

second most common cancer among women worldwide, with almost half a million 

incident cases reported in 2002 (12). Additionally, in the U.S. alone, over 10,000 cervical 

cancer cases were thought to be attributable to HPV annually between 1998 and 2003 

(13). Although women bear a great burden due to HPV-related diseases, including 

cancer, men play an important role in cervical cancer risk (5, 6), serving as asymptomatic 

reservoirs for the virus, with the potential to transmit infection to female sexual partners. 

 In addition cancers of the anus, oropharynx, penis, vagina, and vulva have been 

linked to HPV based on molecular and epidemiological evidence (14, 15). The 

International Agency for Research on Cancer has classified HPV infection as a Group I 

carcinogen for these types of cancer (15). Based on this etiological link between HPV 

and a wide array of cancers, it has been estimated that approximately 5.2% of all cancers 

worldwide are attributable to HPV infection (12, 16). However, a complete understanding 
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of the progression from initial HPV infection to cancer is lacking. A simplified overview 

of the HPV natural history pathway is illustrated in Figure 1. 

Figure 1: A look at the HPV Natural History Pathway 

Initial HPV infection can lead to persistent infection or clearance of the virus and 

after an infection is established, individuals may or may not progress to a malignant 

transformation as a result (10). As this figure is overly simplified, there are a wide variety 

of factors involved in the dynamic HPV natural history pathway that can be placed in 

positions A-D. Several cofactors, including smoking, multiple-type HPV infection, and 

nutritional status, have been identified as factors that influence HPV infection natural 

history and progression to cervical pre-cancer and cancer (17, 18, 19, 20, 21, 22, 23). 

Furthermore, persistent infection with high-risk HPV types is strongly linked to 

precancerous cervical lesions and invasive cancer (24). However, the factors that 

influence progression from initial HPV infection to cervical cancer are incompletely 

understood.  
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B. HPV biology and viral structure 

B.1. Papillomaviruses 

Over one hundred types of papillomaviruses have been described and 

characterized to date and are classified using a complex taxonony. Of the known 

papillomaviruses, approximately 100 papillomavirus types infect humans and are 

ubiquitous throughout the environment and globally distributed (25).  Papillomaviruses 

appear to coexist with their host over an extended duration which may include a long 

period of latency. A wide variety of types can be detected on healthy skin of humans and 

mammals with sampling of random anatomical sites (26, 27, 28).   

Infection with papillomaviruses is associated with microlesions that are not 

readily visible without the use of an optical aid such as a magnifying lens. However, 

immune suppression in humans, the most extensively studied host, can result in activation 

of latent papillomavirus infections, or increased susceptibility to reinoculation of active 

infection resulting in the presence of overt lesions (25, 29, 30, 31).   

 

B.2. Papillomavirus Structure 

 

The structural molecular biology of papillomaviruses (PVs) is very complex 

despite their small size. Virions contain a genome composed of double-stranded, circular 

DNA, close to 8 kilobases (kb) in length (32).  Human papillomaviruses (HPVs) contain 

approximately 8 open reading frames (ORFs). The genes L1 and L2 (the late genes) 
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encode the proteins for the viral capsid and E1 and E2 (early genes) mediate viral 

genome replication. Malignant progression of high-risk HPV infection is mediated by the 

activity of two early ORFs, E6 and E7, in which encoded oncoproteins influence the 

activities of cell cycle proteins p53 and pRb (33).  

 

B.3. Papillomavirus Taxonomy 

 

In 2004, de Villiers et al. (25) classified papillomaviruses into 16 genera, each 

containing distinct species and types of papillomaviruses. In determining taxonomy, the 

L1 ORF was used to classify each papillomavirus into levels of family, genus, species, 

type, subtype and variant, as the L1 ORF is highly conserved within the papillomavirus 

genome.  At this time, approximately 96 HPV types were fully sequenced, and 22 animal 

papillomavirus types were described based on the isolation and characterization of their 

entire genome (34). A recent report expands on the classification of PVs, indentifying 29 

genera, containing 189 distinct PV types with 120 HPV types, and 69 animal PV types 

(35).  

HPV types are mostly encompassed by three genera: Genus-Alpha, Genus-Beta, 

and Genus-Gamma. While types from Genus-Beta and Genus-Gamma produce cutaneous 

lesions in humans, HPV types from the Genus-Alpha cause cutaneous lesions and 

mucosal lesions in humans (25).  The Alpha-papillomaviruses include the genital 

papillomaviruses which are sexually transmitted. Of the more than 50 Alpha-

papillomaviruses, 13 are considered to be high-risk, or carcinogenic, meaning they are 
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capable of causing pre-malignant, or malignant lesions in humans, and are associated 

with high-grade squamous intraepithelial lesions (SIL) and anogenital cancers, including 

cervical and anal carcinomas.  The high risk types include HPV types: 16, 18, 31, 33, 35, 

39, 45, 51, 52, 56, 58, 59, and 66 (36).  All other genital types in Genus-Alpha are low-

risk types and cause non-cancerous lesions and are associated with anogenital warts and 

mild dysplasia.   

 

B.4. Oncogenicity of High Risk HPVs 

Oncogenicity of high risk HPV types is regulated by the oncoproteins E6 and E7. 

Oncoprotein E6 promotes the degradation of p53 through the binding of cellular protein 

E6AP (37, 38). The p53 gene normally regulates cell cycle arrest and apoptosis after 

DNA damage. The E7 oncoprotein binds the retinoblastoma tumor suppressor gene 

product, pRb, and its family members: p107 and p130. The pRb family of proteins bind 

transcriptional factors including E2F which is involved in cell cycle progression and 

DNA synthesis (39). Through the binding of pRb, E7 is able to disrupt pRb-E2F complex 

formations, allowing the cell to enter S-phase where DNA replication occurs (37).  

 

B.5. HPV Pathogenesis and Life Cycle 

 The HPV life cycle differs in comparison to other viruses that infect humans in 

that it requires infection of cells that are still able to proliferate, in this case basal cells 

(38, 40). The virus enters the epithelium through microlesions on the cell surface caused 

by cellular damage or injury, such as the trauma which may occur on the genital 
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epithelium during the act of sexual intercourse, and infects basal keratinocytes (41). It is 

in these basal keratinocytes that the virus is able to utilize the cellular machinery to 

replicate and evade the immune response. In basal cells, viral replication is largely 

suppressed, however the early viral genes E5, E6, and E7, allow for the lateral expansion 

and cellular proliferation of infected cells. As cells migrate to the suprabasal layer, viral 

gene expression of the late genes (L1 and L2) increases and virus particle assembly is 

achieved. Viral particles are released at the epidermal surface, away from the basal layers 

where infection first occurred (38).  

 It is through this mechanism and life cycle that HPV is able to evade the immune 

response by ―hitch-hiking‖ in basal keratinocytes. This cell type is ideal for HPV because 

it has a high turnover rate, meaning it will terminally differentiate into a squamous cell 

and die of natural causes (38, 41, 42). This is advantageous to the virus because it is able 

to hide from the immune response due to the lack of cellular lysis observed in virally 

infected cells entering the lytic cycle, which would normally initiate the innate and 

adaptive immune cascade. There is no cellular lysis or necrosis which would initiate 

inflammation (41). In effect, HPV viral infection is invisible to the host immune response 

for an extended duration of time. 

 

B.6. Immune response to HPV 

 HPV elicits both innate and adaptive immune responses upon detection by host 

immunity. Innate immune responses include the activation of cytokines such as 

interferon-, interleukin-1, tumor necrosis factor-, transforming growth factor-, as well 
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as activation of complex pathogen recognition molecules such as toll like receptors (41, 

42, 43). Adaptive immune responses to HPV include the development of neutralizing 

antibodies and cytotoxic T-cells. Antibodies are often type specific, however in some 

cases there is cross protection between types such as 6 and 11, 31 and 22, and 18 and 45 

(42). Antibody responses are directed towards the L1 major capsid protein on the viral 

surface, and for this reason is the basis for prophylactic HPV vaccines.  

 L1 proteins are exogenously expressed by cells with inserted expression vectors 

containing the L1 gene. The L1 protein is exogenously expressed and self assembles into 

virus like particles (VLPs), which are conformationally correct, empty virions containing 

no DNA and infection potential (41, 44). However, they are recognized by the immune 

system and mount a humoral immune response. At present, there exist two HPV 

vaccines. One is quadrivalent vaccine conferring protections against HPV types 6, 11, 16, 

and 18. The second is a bivalent vaccine that offers protection against high risk types 16 

and 18. HPVs 16 and 18 are responsible for 70% of cervical carcinomas worldwide (12), 

and types 6 and 11 are the two most common types causing anogenital warts in both men 

and women.  

 

C. Human papillomavirus Epidemiology 

 Human papillomavirus (HPV) is one of the most commonly occurring sexually 

transmitted infections among sexually active people in the United States and an estimated 

6.2 million Americans acquire new genital HPV infections annually (9, 45).  Infection 



 

26 

 

with HPV has been strongly linked to cancers of the anogenital tract: anal and penile 

cancers in men, cervical cancer in women, and the precursor lesions associated with these 

malignant transformations (10). Additionally HPV causes anogenital warts in both men 

and women (46), and increasing evidence suggests the role of HPVs in vulvar and 

vaginal cancers, cancers of the head and neck, and cancers of the aerodigestive tract (34).  

  Invasive cervical cancer in women is one of the most commonly occurring 

cancers caused by HPV and is estimated to account for approximately 12% of all cancers 

worldwide (47). In the U.S., the reported prevalence of HPV infection among women 

ranges from 14% to more than 90% (48) and in men HPV prevalence estimates range 

from 1.8-73% (45, 49).  Persistent HPV infection has been associated with progression to 

cervical neoplasia; specifically persistent infection with high-risk HPV types is strongly 

linked to precancerous cervical lesions and invasive cancer (24). It is understood that 

persistent HPV infection plays a role in progression to cervical neoplasia, however, no 

clear definitions exist on what constitutes a persistent infection (10). 

C.1. HPV in Women 

Among women in the U.S., the reported prevalence of HPV infection ranges from 

14% to more than 90% (48).  Prevalence estimates for HPV are reported to be the highest 

among women attending sexually transmitted disease (STD) clinics and among college 

students (8, 50, 51, 52, 53, 54, 55, 56, 57) , while the lowest prevalence estimates are 

observed among the general population (58, 59).  The Pap test is used for the detection of 

cellular changes on the cervix with adjunctive HPV DNA testing to screen for cervical 
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cancer and genital HPV infection.   Sensitive tests for the detection of HPV DNA have 

also been used (60, 61). 

Cytology is used to detect cellular abnormalities that result from HPV infection 

along with visual inspection of the cervix using colposcopy. Epithelial cell abnormalities 

of squamous cells are classified as atypical squamous cells (ASC), low-grade squamous 

intraepithelial lesions (LSIL) and high-grade squamous intraepithelial lesions (HSIL), in 

addition to squamous cell carcinoma (SCC) (62). ASC can further be classified as ―of 

undertmined significance‖ (ASC-US) and ―cannot exclude HSIL‖ (ASC-H). LSILs 

include HPV related mild dysplasia or cervical intraepithelial neoplasia (CIN) 1, while 

HSILs include moderate to severe dysplasia (CIN2 & CIN3), and carcinoma in situ (62). 

It is recommended that women are screened for HPV infection starting at age 21 

or within 3 years of first sexual intercourse, whichever comes first (63). In addition, HPV 

DNA testing is recommended for women 30 years or older, or among women with 

abnormal Pap screening results. In 2006, the American Society for Colposcopy and 

Cervical Pathology set forth consensus guidelines for the management of women with 

abnormal cervical cancer screening tests (64) and for the management of women with 

CIN or adenocarcinoma in situ (65). These consensus guidelines detail the screening and 

management of women with HPV infection in great detail. It is suggested that women 

with CIN1 are followed up with HPV DNA testing every 12 months, or cervical cytology 

every 6 to 12 months (65) as CIN1 has a high rate of spontaneous regression (66, 67). For 

CIN2 and CIN3, ablative treatments are necessary to destroy affected cells in vivo or 
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excisional procedures are used to remove affected pre-cancerous lesions (68). Ablative 

methods include laser ablation, cryotherapy, electrofulguration, and cold coagulation 

while excisional procedures include cold-knife conization, loop electrosurgical excision 

procedures (LEEP or LLETZ), laser conization, and electrosurgical conization (65, 68).  

With the use of current screening and treatment methods, invasive cervical cancer 

is a very preventable disease.  The technology exists to treat and manage pre-neoplastic 

lesions associated with HPV infection.  However, due to costs related to screening and 

treatment, and incomplete participation in screening programs, this disease has not been 

completely eliminated.  Annual costs of repeat Pap screening in the U.S. exceed $150 

million and the costs of colposcopy, biopsy, and treatment add an additional $600 million 

(69).   

 

C.2. HPV in Men 

Less is known about genital HPV infection in men than in women because it has 

not been extensively studied and there exists a lack of consensus in regard to sampling 

sites to test and sample collection methods to use (70).  Often, HPV infection in men will 

have no signs or symptoms.  However, HPV prevalence estimates in men range from 0-

72.9% and vary widely based on sampling techniques, processing methods, and anatomic 

sites or specimens sampled (45).   
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In a systematic review of the literature Dunne et al. (45) outlined the variation in 

sampling techniques employed in studies of HPV prevalence in men.  The utility of 

samples and specimens collected in men was evaluated and it was suggested that the best 

anatomic sites for sampling included the glans, corona, prepuce, and shaft of the penis, 

taking into account the convenience of sampling, adequacy of the sample, and detection 

of HPV DNA.  The specimens least useful in HPV detection included urine, semen, and 

swabs of the urethra.  Utility was influenced by the difficulty, and sometimes, 

uncomfortable collection of these samples and limited ability to detect HPV DNA in 

urine.   

At present, a Food and Drug Administration (FDA)-approved screening test for 

HPV and the management of cervical cancer exists in women (71).  For men there is no 

FDA approved method available to test for HPV and no therapy has been identified to 

eradicate infection.  Also, screening for HPV infection in men is not recommended since 

infection is common, no FDA approved test is available, and HPV infection in men is of 

limited clinical importance (45).  However, the male role in the sexual transmission of 

genital HPV is not completely understood and few studies have evaluated infection with 

HPV among men and their female sexual partner (57, 72).  
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D. HPV Transmission 

Although women bear the greatest burden of HPV-related diseases, including 

cancer, men play an important role in cervical cancer risk (5, 6, 73), acting as 

asymptomatic reservoirs for the virus, with the potential to transmit infection to female 

sexual partners. Several studies have investigated HPV infection between couples 

engaging in sexual relationships, evaluating HPV type specific concordance (57, 72, 74, 

75, 76, 77, 78) and transmission (79, 80, 81) between sexual partners, with a majority 

cross sectional in nature. These studies add to our growing body of knowledge in the 

transmission dynamics of HPV between men and women.  

Table 1 outlines recent studies aimed at investigating HPV infection in couples. 

Populations sampled include male partners of women with CIN (82), heterosexual, 

sexually active couples (81, 83, 84), partners of women with incident HPV (85), and 

couples in new sexual relationships (75, 86). This heterogeneity in populations sampled 

may be contributing to inconsistencies in the reports of type specific concordance, 

making it difficult to interpret results and compare across studies. 
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Table 1: Studies assessing HPV in sexual partners 

Author (year) Study Type 

 

Sample Size Characteristics Findings 

 

Benevolo 

(2008) 

Cross-sectional 55 couples Healthy male partners of women 

with cervical HPV infection CIN 

Concordance of 45% 

11 couple HPV negative  

14 couple HPV positive 

6/14 couples type specific concordance 

 

Hernandez  

(2009) 

Prospective 25 couples Heterosexual monogamous 

couples followed for an average 

of 7.5 months 

53 transmission events observed 

(14 male to female, 39 female to male) 

Transmission rate from penis to cervix: 4.9/100 person-

months 

Transmission rate from cervix to penis: 17.4/100 person 

months 

 

Mbulawa 

(2009) 

Cross-sectional 254 couples Heterosexual, sexually active 

couples 

68 couples HPV negative 

88 couples HPV concordant 

35 couples concordant with 1 type 

25 couples concordant with at least 2 types 

85 discordant couples 

 

Widdice (2010) Cross-sectional 25 couples Partners of women with incident 

HPV infection enrolled in a 

longitudinal HPV natural history 

study 

 

68% of couples with type specific anogenital concordance 

Burchell (2010) Cross-sectional 263 couples Couples in a relationship of less 

than 6 months 

48% of couples where both partners were HPV positive 

(ignoring type). 

94 couple HPV negative 

64% of HPV positive couples concordant for at least one 

type 

 

Parada (2010) Cross-sectional 504 couples Clinically healthy heterosexual 

couples from 4 municipalities 

Concordance of 79% 

34 couples concurrently infected 

21 out of 34 were HPV positive 
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E. HPV Persistence 

 In cancers associated with HPV, cancer progression typically occurs after an 

extended latent period in which the virus is not cleared by the host, i.e. persists. The virus 

must establish itself in the host and evade a major assault from both innate and adaptive 

immunological responses (87). These include natural barriers such as skin and genital 

mucosa, innate immune effectors such as neutrophils and NK cells, and adaptive T-cell 

and B-cell responses. In doing so, HPV manages to overcome the immune system and 

persist. 

 Persistent infection with high risk HPV types in women with HPV infection is the 

single most significant risk factor for progression to grade 3 cervical intraepithelial 

neoplasia (CIN) and invasive cervical carcinoma (88). HPV persistence has been 

previously defined as the infection with the same HPV types at two consecutive time 

points. However, due to the transient nature that HPV infection can manifest in its host, 

the appropriate duration between sampling time points is widely debated. Although there 

is no consensus on what determines a persistent infection, it is evident that for persistence 

to be established HPV infection must be identified at a baseline visit and a subsequent 

visit 6-12 months later (10, 34), due to the transient nature of HPV infection as genital 

infections may clear in less than 6 months. Table 2 identifies some of the inconsistencies 

encountered in the definitions of HPV persistence in men and women.  
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Table 2: Inconsistencies in the definition of HPV persistence in men and women 

Author (year) Population Duration Persistence definition 

 

Persistence result 

Wikstrom (2000) 88 men ages 18-54 attending an 

STD clinic 

Mean interval between 

visits: 3.5 (0.5-16) mos. 

HPV positive by PCR for 

the same type at 2 

consecutive visits 

Among 14 HPV positive men 

with at least one follow-up, 7 

were persistent 

 

Giuliano (2002) 331 women ages 18-35 self 

referred for routine 

gynecological exam 

Baseline and 2 visits at 

approximately 4 and 10 

months. Median follow-up 

10 mos. (range: 6.2-17.6 

mos.)  

 

≥2 consecutive tests that 

were positive for a specific 

HPV type 

82 women (50.3%) of HPV 

incident women had a persistent 

infection 

Sarian (2004) 94 women ages 20-60 

Receiving HSIL treatment 

Visit 1: mean 4.8 mos. 

(range: 3-6 mos.) 

 

Visit 2:  mean 10.9 mos. 

(range: 7-17 mos.) 

 

Detection of HR-HPV by 

HCII at a follow-up visit 

after treatment of CIN2 or 

CIN3 

20% at 6 months 

 

22% at 12 months 

Kjaer (2005) 250 men ages 18-29  2 examinations: mean 

interval 6.6 mos (range, 5.4-

7.8 mos.) 

Detection of the same HPV 

type by PCR at both visits 

Of 73 men HPV positive at 

baseline, 42 had identical types 

detected at follow-up 

 

Partridge (2007) 240 men ages 18-20 from a 

university campus 

Median time between visits: 

4.0 mos. (95% CI: 4.0-4.1 

mos.) 

Positive for the same HPV 

type at a subsequent visit 

29 (42.9 %)  of 59 men with 

incident infection positive with 

the same type at a subsequent 

visit 

 

Sycuro (2008) 147 women ages from  Long term follow-up 

approximately 10 years 

(median interval: 10 years; 

range 4-12 years) after 

initial study 

Detection of a specific 

HPV type by PCR and dot 

blot hybridization at one or 

more visits during the 

initial study followed by 

detection of the same type 

3 or more years later. 

24 women (16.3%) had the same 

types detected at 1 or both long 

term follow-up visits 

Munoz (2009) 1728 women ages 18-85 with Median interval between Infections were considered Infections with higher viral loads 
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normal cytology at baseline visits: 6.6 mos., median 

duration of follow-up 8.9 

yrs. 

persistent if infection 

duration was above the 

median 

 

persisted longer. 

Nam (2009) 73 women ages 25-51 treated for 

CIN2/3 

Follow-up 6 mos. After 

treatment 

Positive for HPV by HCII 

at follow-up  

17.8% of women had persistent 

HPV after treatment 

 

Note: HCII: Hybrid Capture II, PCR: Polymerase Chain Reaction, CIN=Cervical intraepithelial neoplasia, HSIL=high-grade 

squamous intraepithelial lesions, LSIL= low-grade squamous intraepithelial lesions, SCC=squamous cell carcinoma, 

ICC=Invasive cervical cancer. 
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F. HPV risk factors in men and women 

 Risk factors for HPV infection have been extensively studied and identified 

through various cross-sectional and prospective cohort studies. Factors associated with an 

increased risk for HPV infection include lifetime number of sexual partners (89, 90, 91, 

92, 93, 94), age at sexual debut (10), smoking (44, 92, 95), oral contraceptive (OC) use 

(10), parity (96, 97), chronic inflammation, and immunosuppressive conditions such as 

HIV infection (10, 53, 93, 94, 97, 98, 99, 100). Several risk factors are common to both 

men and women. Number of sexual partners for example, increased the risk of HPV 

acquisition in a cohort of men reporting >16 partners (adjusted hazards ratio [HR]: 2.8, 

95% confidence interval [CI]: 1.1-7.1) (91), and in women an increase in the median 

number of sexual partners reported in the past year was significantly associated with 

HPV incidence (odds ratio [OR]: 6.2, 95% CI: 1.6-24.5) (94). Smoking is another 

example where an elevated risk for HPV acquisition (HR: 1.6, 95% CI: 1.1-24) has been 

reported in men who smoke (92), and is also thought to increase risk for HPV acquisition 

in women (10).  

However, some of these risk factors may be influenced by the populations 

sampled, or may be a predictor of risky behaviors that will increase the risk of HPV 

acquisition. Such is the case with age at sexual debut. Early age at first intercourse may 

increase the number of lifetime sexual partners an individual may have, thereby 

increasing an individual’s risk for acquiring HPV. It is also interesting to note that some 

of these risk factors are also risk factors for persistent HPV infection.  
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G. Risk factors for HPV Persistence in men and women 

  Multiple cofactors have been identified as risk factors for acquisition of persistent 

HPV infection.  These factors include smoking (95), oral contraceptive use (10), other 

sexually transmitted infections (i.e. chlamydia, herpes simplex virus), parity, and certain 

dietary factors (20). Furthermore, infection with multiple types of HPV has been 

identified as a risk factor for persistent HPV infection (101), and other viral factors such 

as HPV viral load (102).   

In a group of women treated for HSIL, smoking significantly increased the odds 

of persistence during follow-up (OR: 3.26; 95% CI: 1.3-8.18) (95). Another study in a 

cohort of Colombian women identified HPV viral load as the main determinant of HPV 

persistence (103). The presence of genital warts (OR: 48.2; 95% CI: 6.8-340) and having 

an abnormal pap result (OR: 4.3; 95% CI: 1.4-13.5) was associated with an increase in 

the odds of HPV persistence in a long term follow-up study in women (104). An 

increased risk of HPV persistence has been associated with the presence of multiple type 

HPV infection in men (90) and in women (105). In addition, some immunologic factors 

have been identified as increasing the risk of HPV persistence including 

immunosuppressive conditions such as human immunodeficiency virus (HIV) infection 

(106), chronic inflammation, and polymorphisms in the human leukocyte antigen (HLA) 

system (107), which plays an important role in immune response to pathogenic invasion. 

Here we are interested in the role of factors of the innate immune response on HPV 

infection status. 
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H. Limitations to our understanding of HPV natural history 

There are several contributing factors associated with the lack of understanding of 

HPV natural history. Currently, duration of infection in men as compared to women is 

not well understood. Potential differences in duration make it difficult to determine 

appropriate time intervals in which to sample sexual partners. Another contributing factor 

may be the lack of consensus on the appropriate anatomic sites to sample and specimens 

to collect in men. In women, there are well established sampling protocols for screening 

of HPV. However, in men there is not a Food and Drug Administration (FDA) approved 

method for HPV screening. 

Giuliano et al (108) evaluated the optimal sites for HPV sampling in men and 

determined that the anatomical sites yielding the most information were the penile shaft 

and glans/corona, and that a scrotal, perianal, or anal sample should also be included to 

yield the most HPV detection. Other areas of sampling included the urine, semen, and 

urethra, all of which had limited success. A systematic review of the literature reported a 

wide array of sampling methods, including rotating or rubbing a swab or brush on the 

genital epithelium and used a variety of sampling tools including cytobrushes, emery 

paper, Dacron swabs, or a combination of these methods (45, 70). Most studies employ 

the use of PCR based methods to detect HPV DNA including those developed by Gravitt 

et al. (109), however there exists some variability in the primer sets used to amplify the 

L1 fragment of the HPV genome.  
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Another gap exists in understanding the molecular epidemiology of HPV in men 

and boys in the utility of testing in men as compared to testing in women. In women there 

are FDA approved methods for screening and management of cervical cancer which is a 

clearly defined endpoint of HPV infection (64, 65). On the other hand, in men, screening 

for HPV is still under review for several reasons. In men, infection can be very common 

(prevalence estimates reported as high as 73%), and the HPV infection does not indicate 

an increased risk for HPV related diseases in men including HPV associated cancers (45).  

Another factor that may influence the epidemiology of HPV infections is the 

population(s) sampled, which can vary in both men and women. Infection rates with HPV 

may be influenced by the types and origins of the population(s) sampled. For example, 

sampling from a population at an STD clinic may be biased towards selecting for 

individuals engaging in high risk behaviors which may put them at a higher probability 

for HPV infection. Also, sampling from different geographical locations may also have 

an effect on HPV infection status based on cultural beliefs towards factors such as 

circumcision and condom use which may be important predictors of HPV infection.  

Furthermore, gaps that need to be bridged are in understanding the role the 

immune response has on the molecular epidemiology of HPV in men and women. Factors 

of the immune response are a logical determinant of HPV infection status, as HPV 

establishes itself by pathogenic invasion of the host cells. Some immunologic factors 

have been identified as risk factors for HPV persistence including immunosuppressive 

conditions such as human immunodeficiency virus (HIV) infection, chronic 
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inflammation, and polymorphisms in the human leukocyte antigen (HLA) system, which 

plays an important role in immune response to pathogenic invasion. Additional evidence 

exists in the literature suggesting a role of the Killer-cell immunoglobulin-like receptors 

(KIR) on the progression to cervical neoplasia in HPV infected individuals (3). This risk 

was also altered when certain KIR genes were found in combination with members of the 

HLA family of genes. The HLA system is another important group of genes involved in 

the immune response and has also been associated with altered risk to cervical carcinoma 

(2, 3, 110, 111, 112, 113, 114). Results of these studies are presented in Table 3. 

This brings up another important question on whether shorter or longer time 

intervals between visits are more beneficial to determine the natural history and 

molecular epidemiology of HPV infection. This will aid in bridging another important 

gap in the understanding of HPV in men: duration of infection in regards to persistence 

and clearance. The more we understand about the duration of infection, the better we will 

be at developing clearer definitions of persistence and clearance. For example, if we 

sampled at 3 month time intervals for a total of 24 months, we would have more time 

points to observe a persistent infection. Additionally, we would be able to observe a 

clearance event after a prevalent infection, and confirm clearance at a successive visit 

(i.e. two consecutive visits of HPV negativity after a positive result). 
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Table 3: HPV related disease and associations with KIR & HLA in women 

Author (year) Gene family(s) Outcome(s) Findings 

Carrington  

(2005) 

KIR  

HLA Class I 

CIN KIR3DS1 and absence of inhibitory HLA 

ligands increased risk for CIN3 and cervical 

cancer 

Arnheim  

(2005) 

KIR CIN KIR2DL5B*002 protective against CIN; 

KIR haplotype A increased risk 

Wang  

(2002) 

HLA Class I CIN/HSIL 

LSIL 

HLA-Cw*0202 protective against HSIL and 

LSIL 

Zoodsma  

(2005) 

HLA Class II SCC Altered risk of SCC associated with markers 

near the HLA-DR and HLA-DQ region: 

decreased risk associated with G511525, 

increased risk associated with MICA 

Madeleine  

(2008) 

HLA Class I 

HLA Class II 

SCC Increased risk of SCC with combinations of 

HLA-A-B-Cw-DRB1-DQB1. Results 

replicated in studies of cervical 

adenocarcinoma and vulvar cancer. 

Castro  

(2009) 

HLA Class II SCC HLA-DRB1 alleles 0401 & 1501 associated 

with an increased risk of cervical cancer, 

allele 1301 with a decreased risk. 

Martin  

(2010) 

HLA Class I ICC HLA-Cw group 1 (a ligand for certain 

KIRs) was over transmitted in women with 

ICC, specifically in women infected with 

HPV16 or 18. 

Note: CIN=Cervical intraepithelial neoplasia, HSIL=high-grade squamous intraepithelial 

lesions, LSIL= low-grade squamous intraepithelial lesions, SCC=squamous cell 

carcinoma, ICC=Invasive cervical cancer. 
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K. Innate Immunity and KIR 

Innate immunity is responsible for initial inflammation, cytokine activation, and 

antigen presentation resulting from pathogenic invasion. Key players in this system are 

natural killer (NK) cells, which non-specifically attack tumor cells and virally infected 

cells. NK cells contain killer cell immunoglobulin-like receptors (KIR) which modulate 

the degree of NK cell activation or inhibition that occurs when a pathogen is recognized 

on a target cell. Fifteen genes have been identified in the KIR locus (KIR2DL1-5, 

KIR2DS1-5, KIR3DL1-3, and KIR3DS1) as well as two pseudogenes (KIR2DP1 and 

KIR3DP1). The KIR gene family is located on chromosome 19q13.4, encoded within a 

100-200 bp region of the Leukocyte Receptor Complex (115).   

KIR genes are classified into three groups based on the structure of the protein 

that they encode. Type I and Type II KIR2D genes encode proteins with two extracellular 

immunoglobulin-like domains (2D), while KIR3D genes encode proteins with three 

extracellular immunoglobulin-like domains (3D). The distinction between Types I and II 

KIR2D is based on the conformation of the proteins in the extracellular domains (116).  

Type I KIR2D genes (2DL1-3, 2DS1-5) possess a total of eight exons with an inactivated 

pseudoexon 3 sequence (117). Type II KIR2D genes (KIR2DL4 and 2DL5) have a 

deleted exon 4 region, but have a translated exon 3 sequence. KIR3D genes include 

3DL1-3, and 3DS1, and contain nine exons each. Further variation in gene organization is 

attributable to the length of exon nine, which encodes the cytoplasmic tail. The presence 
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of a short cytoplasmic tail is denoted by an S in the gene name, and a long cytoplasmic 

tail is denoted by the presence of an L in the gene name.  

Individual variation in both the number of genes in the KIR cluster and in the 

alleles of each KIR gene, have been observed. In addition, over 30 distinct KIR 

haplotypes have been identified, with the most notable distinction based on the presence 

or absence of various activating genes (118, 119, 120). Two major haplotypes have been 

characterized: haplotype A is associated with lower levels of NK cell activation (or 

inhibition) and haplotype B with greater activation (121).  KIR haplotype A includes two 

activating genes (2DL4 and 2DS4) and five inhibitory genes (2DL1, 2DL3, 3DL1, 3DL2, 

and 3DL3). Haplotype B encompasses all other combinations of genes, and is considered 

to be more activating (119). A subset of KIR genes are expressed by all individuals and 

are present with every KIR genotype. These genes are 2DL4, 3DL2, and 3DL3, and are 

called the framework genes.  

 

N. Associations between KIR and HPV Infection and Cancer 

 A binational case-control study of cervical cancer identified the presence of the 

activating KIR3DS1 (a KIR with three Ig-like extracellular domains [3D] and a short 

cytoplasmic domain [S]) as a risk factor for cervical cancer (3). In addition, when this 

gene is present with the HLA-B Bw4 allele, risk is heightened (3). KIR3DS1 segregates 

in allelic fashion with KIR3DL1, with KIR3DS1 a member of haplotype B and 

KIR3DL1, of haplotype A. The KIR3DS1 genotype appears to be a strong activator of 
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the immune response, as compared to those KIR-HLA genes that are less strongly 

activating or are inhibitory.  

 No study has yet reported on the association(s) between these receptors and HPV 

susceptibility or persistence. It is interesting to note that the same allele combinations 

associated with cervical intraepithelial neoplasia have also been reported to be associated 

with  a delay in progression to AIDS among HIV-1 infected patients and clearance of 

hepatitis-C virus (HCV) and protection from hepatocellular carcinoma development 

(118). It may be reasonable to expect that a highly immune-activating genotype could 

lead to rapid clearance of virus but that if the immune system were overwhelmed by virus 

that the same genotype could result in a more robust inflammatory response that has been 

associated with tumor promotion. 

O. KIR and Other Disease Outcomes: Why is KIR important? 

Given their major influence on NK cell activity, the role of KIRs are being 

evaluated on a wide range of disease outcomes, which include viral infections (HPV, 

HIV, HCV), autoimmunity, cancer, and birth related outcomes such as spontaneous 

abortion and preeclampsia (119, 122). In addition, the importance of KIR and KIR 

ligands have been evaluated in hematopoietic stem cell transplantation (123, 124, 125, 

126) and leukemia survival (127).With a growing interest in the effect of KIR on various 

diseases and transplantation outcomes the importance of efficient KIR genotyping 

methods also increases. 
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P. Current KIR Genotyping Methodology 

A systematic approach utilizing  KIR genotyping to study the genetic diversity  of 

the locus was first published by Uhrberg et al. (128). Since then, major improvements 

have been made to KIR genotyping strategies. Most previous studies have utilized SSP-

PCR methods for genotyping the KIR locus (128, 129, 130, 131, 132, 133, 134, 135, 136) 

due to its simplicity. However, they typically use large amounts of input DNA (100 ng up 

to 1 µg per reaction), and generate DNA fragments that can be as large as 2 kb in size. 

These conditions require high quality DNA samples, which are not always available from 

individuals of interest in gene association studies as they may not be able to provide an 

adequate sample for a complete typing profile.  

 Previously, a multiplex PCR assay was published (133) utilizing four multiplex 

PCR reactions to obtain a KIR genetic profile. This assay is effective in practice, however 

the primer sequences are not published limiting its utility and implementation in the 

general scientific community. Additionally, the reported multiplex assay uses a total of 

60 ng DNA input for a complete profile. 

 Another multiplex PCR assay has been reported by Ashouri et al. (129) which 

utilizes a duplex PCR design amplifying 2 genes per reaction set. This assay is well 

designed, however it requires PCR amplification at four different temperature conditions 

making it difficult to employ with a small subset of samples as well as limiting in a high 

throughput setting due to the numerous reaction conditions.  
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 Most recently Kulkarni et al (137) described the use of a multiplex SSP-PCR 

assay for the analysis of the KIR locus. However, much like previously published studies, 

this assay requires the use of high quality DNA and a substantial amount of DNA input 

(150-200 ng) for a complete KIR typing in 12 reaction wells. This assay also amplifies 

shorter PCR amplicons ranging in size from 89-800 bp. 

Previous studies have used sequence specific primer directed polymerase chain 

reaction (SSP-PCR) approaches for genetic analysis of the KIR locus. However these 

approaches require a minimum of 16 individual reactions for complete analysis of the 

KIR locus and amplicon fragment sizes can be up to 2 kilobases (kb) in length, and use a 

large DNA input quantities (128, 129, 130, 131, 132, 133, 134, 135, 136), which are not 

ideal conditions for a large sample set, or samples in which a limited amount of DNA is 

available for typing. 

 

Q. Goals of the current study 

The goal of this dissertation is to understand the role of host innate immunity in 

susceptibility to HPV infection. The aim of this dissertation is to study the genetic 

variability of natural killer cell immunoglobulin-like receptors (KIR) and a potential 

association with HPV incidence, prevalence, and persistence. Results from this study can 

provide future direction for 1) assessing individual risk for persistent HPV infection to 

tailor cervical screening and 2) development of therapies that mimic the action of innate 

immunity to assist in rapid clearance of HPV infection. This research utilizes data and 

samples from two recently completed cohort studies of HPV infection in women and men 
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(7, 8), and samples collected from couples engaging in sexual relationships. In both 

cohorts, biological specimens were collected at multiple time points to assess HPV 

infection status and behavioral risk factor data were also collected. Additionally, HPV 

type specific concordance was estimated in sexual partners to demonstrate the complexity 

of HPV transmission dynamics. 



 

47 

 

PRESENT STUDY 

I. Methods 

 The methods, results, and conclusions of this study are presented in the papers 

appended to this dissertation. The following is a summary of the methods used in the 

completion of the dissertation.  

A. Study Design and Populations  

Three individual epidemiologic studies involving populations at risk for HPV 

infection were used in these analyses. The first was the cross-sectional HPV in Partners 

Pilot Study. Two population-based cohort studies of HPV were conducted in Tucson, AZ. 

The first of which was the Young Women’s Health Study and the second was the HPV 

Infection in Men: A Prospective Cohort Study. These two prospective cohort studies 

assessed the incidence and clearance of HPV in populations at risk for HPV infection. 

Sampling time intervals and HPV testing methodologies differed by study so each study 

was analyzed independently. Table 4 highlights the populations in these three separate 

studies. 

A.1. HPV in Partner’s Pilot Study 

A cross sectional study of 29 heterosexual couples was conducted in Tucson, 

Arizona, from 2006 to 2007. Study participants were recruited by direct mailings, posters, 

and fliers placed on university campuses, face to face recruitment at local health clinics 

and classrooms, and radio and newspaper advertisements. Couples first attended a run in 
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visit where they were given a sexual diary to complete in the ten days prior to their clinic 

visit. Couples attended a concurrent study visit where each individual was examined for 

genital lesions or warts, had samples collected for HPV testing, and completed a sexual 

behavior and risk factor questionnaire. Whole blood, plasma, and serum were collected 

and archived.  

 Participants were eligible if they (1) self-identified as being in a long-term (>9 

month) sexual relationship with their current partner, (2) were 18 years of age or older, 

(3) had no prior diagnosis of genital warts. Additional requirements for female 

participants included (1) no prior participation in an HPV vaccine trial, (2) were not 

pregnant, and (3) had an intact cervix.  

A.2. Young Women’s Health Study 

This cohort of 331 women aged 18 to 35 years was accrued during 1996-1999 and 

was followed for an average of 10 months, through 2000 (8). Eligible women had no 

abnormal Pap smear in the 18 months leading up to the study and no previous treatment 

for Cervical Intraepithelial Neoplasia (CIN). At baseline and approximately four and ten 

months thereafter, women had gynecologic exams, had cervicovaginal samples collected 

for HPV testing, and completed a sexual behavior and risk factor questionnaire. Whole 

blood was also collected and stored at each visit. 
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A.3. HPV Infection in Men: A Prospective Cohort Study 

This cohort of 350 men aged 18 to 44 years was accrued during 2002-2004, and 

the study design included follow-up visits every six months for 18 months, through 2006. 

Eligible men had no self-reported history of genital warts or penile or anal cancer. At 

baseline and follow-up visits, men were examined for genital lesions or warts, had 

samples collected for HPV testing, and completed a sexual behavior and risk factor 

questionnaire. Whole blood was also collected and stored at each visit. Details of the 

populations sampled are described in Table 4. 

Table 4: Study design characteristics 

Characteristics Partners Study Women (YWHS)
a 

Men
b 

N 29 couples (58 

men and 

women) 

331 290 

Age Range 18-44 18-35 18-44 

Time Frame 2006-2007 August 1997-June 

2000 

September 2003-

December 2005 

Visits One Clinical 

Visit 

Baseline, ~4 mos., 

~10 mos. 

Baseline, 6 mos., 12 

mos., 18 mos. 

Time of Follow-up No follow up Median: 10 mos. 

Range: 6.2-17.6 

mos. 

Median: 15.5 mos. 

Range: 3.7-24.7 mos  

a 
Young Women’s Health Study 

b 
HPV Infection in Men: A Prospective Cohort Study 
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B. Specimen Collection and Sampling for HPV Infection 

B.1. HPV in Partners Pilot Study and Men’s Study 

 The following sampling strategies were employed in women from the HPV in 

Partners Pilot Study. At the clinical visit women provided a urine sample and a 

QuickVue hCG-urine pregnancy test was collected. A gynecological exam (external 

exam, speculum exam, and bi-manual exam) was done and a ThinPrep pap test was 

completed. A clinician collected cells from the endo-ecto cervix using a saline prewetted 

Dacron swab which was stored in 1 ml of specimen transport medium (STM, Digene). 

An additional sample of exfoliated epithelial cells was collected from the labia, vulva, 

and peri-anal area using an additional saline wetted Dacron swab and was stored in a 

different tube in 1 ml of STM. If warts or lesions were present, they were sampled with a 

saline prewetted Dacron swab before other samples were collected and stored in 450 µl 

of STM.  

 The following sampling strategies were employed in men from the HPV in 

Partners Pilot Study and the HPV Infection in Men: A Prospective Cohort Study. A 

clinician used a saline prewetted Dacron swab and swept it 360 degrees around the glans 

penis then 360 degrees around the coronal sulcus. A second swab was used to sample all 

four quadrants of the penile shaft, and a third swab was used to sample the entire surface 

of the scrotum. Each sample was stored independently in 420 µl of STM. As with 

sampling in women, if warts or lesions were present, samples were collected from them 

prior to other sample collection. All samples were stored at -70°C until PCR analysis was 
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performed. Before DNA extraction, all three samples from male anatomical sites were 

combined to produce 1 DNA extract per male participant. Women’s samples were 

analyzed separately. 

B.2 Young Women’s Health Study 

Women had gynecologic exams where cervicovaginal samples collected for HPV 

testing. Details are described elsewhere (8). Briefly, a Pap smear was collected and 

samples were tested using Hybrid Capture II (Digene, Gaithersburg, MD) for high risk 

HPV types. Only women with normal cytology at baseline were included during the 

follow-up period. 

 

B.3. HPV detection in the HPV in Partners Pilot Study and HPV Infection in Men: A 

Prospective Cohort Study 

HPV testing of swabbed cellular material was conducted using polymerase chain 

reaction (PCR) for amplification of a fragment of the L1 gene. DNA extraction was 

performed using the QIAamp Mini Kit (QIAGEN, Valencia, CA) according to the 

instructions of the manufacturer. Briefly, 200µl aliquots were digested with 20µl 

proteinase K for 1 hr at 65˚ C, followed by 200 µl of lysis buffer. DNA was eluted with 

50µl of 10 mM Tris-EDTA buffer, pH 7.5 at 60˚C. DNA was stored at –20˚ C until use. 

 Specimens were tested for the presence of HPV by amplifying 5µl of the DNA 

extracts with the PGMY09/11 L1 consensus primer system and AmpliTaq Gold 
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polymerase (Perkin-Elmer, Foster City, CA).  Each 50 µl amplification contained 1X 

PCR Buffer II; 2.5 mM MgCl2; 200µM (each) dCTP, dGTP, and dATP; 600µM dUTP; 

7.5 U of AmplTaq Gold; 1µM of PGMY09; 1µM PGMY11; 2.5 nM of B_PC04; 2.5 nM 

of B_GH20; and 5µl of the template.  For eventual inclusion of uracil-N-glycosylase to 

prevent product carryover, dTTP was replaced with dUTP.  To determine specimen 

adequacy, the GH20/PC04 human β-globin target was co-amplified using the B_PCO4 

and B_GH20 primers along with HPV consensus primer amplification.  For every PCR 

plate a negative control (H2O) and a positive control (CaSki Cells) were run to control 

for possible contamination and accuracy.  The samples were amplified using Perkin-

Elmer GeneAmp PCR System 9700.  The following amplification profile was used: 95˚ C 

hotstart for 9 minutes, 95˚ C denaturation for 1 minute, 55˚ C annealing for 1 minute, and 

72˚ C extension for 1 minute for 40 cycles; followed by a 5 minute terminal extension at 

72˚ C; and a hold step at 4˚ C. 

 HPV genotyping was conducted using the reverse line blot method on all samples, 

regardless of HPV PCR result. This detection method utilizes the HPV L1 consensus 

PCR products labeled with biotin to detect 37 HPV types. The HPV genotype strip 

contained 39 probe lines, detecting 37 individual HPV genotypes and two 

concentrations—high and low—of the β-globin control probe (Roche Molecular 

Diagnostics, Alameda, CA). The following types are detected: 6, 11, 16, 18, 26, 31, 33, 

35, 39, 40, 42, 45, 51 to 56, 58, 59, 61, 62, 64, 66, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 

84, IS39, and CP6108. The PCR products labeled with biotin were denatured and added 

to the probe strip in a hybridization buffer. After strips were washed, a streptavidin-
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horseradish peroxidase conjugate was added to facilitate detection of the various HPV 

types. After the final wash, buffer was removed by vacuum aspiration, and strips were 

rinsed in 0.1 M sodium citrate. Color development was activated by incubation in a 

mixture of hydrogen peroxide in sodium citrate buffer and tetramethylbenzidine in 

dimethylformamide for 5 minutes on a rotating platform (70 RPM). Developed strips 

were interpreted and photographed for future reference. Strip interpretation was 

performed with a labeled overlay, with lines indicating the position of each probe relative 

to the reference mark. 

B.4. HPV detection in the Young Women’s Health Study 

 HPV testing was conducted by PCR using the PGMY09/11 L1 consensus primer 

system (Roche Molecular Diagnostics, Alameda, CA). HPV genotyping was conducted 

using the reverse line blot method from Roche (Roche Molecular Diagnostics, Alameda, 

CA). This detection method utilizes the HPV L1 consensus PCR products labeled with 

biotin for the detection of different HPV types.  In the Young Women’s Health Study, 

samples were genotyped for 27 different HPV types. The 27 HPV types detected 

included: 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51-59, 66, 68, 73, 83, 83, and 84.  

In contrast, in the HPV Infection in Men: A Prospective Cohort Study samples 

were genotyped for 37 different HPV types. The 37 HPV types detected in the male 

cohort included:  6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51 to 56, 58, 59, 61, 62, 64, 

66 to 73, 81 to 84, IS39, and CP6108.  Detection of type specific HPV  in both cohorts 
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included all types classified as oncogenic by IARC (138). Details of HPV sampling 

strategies are summarized in Table 5.  
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Table 5: HPV testing procedures 

 Women Men and Partners Study 

HPV Detection Strategies  Hybrid Capture II 

PCR: PGMY09/11  

Reverse Line Blot 

PCR: PGMY09/11 

Only samples adequate for β 

globin tested (99% at 

baseline ) 

Types Detected 

Reverse Line Blot  

27 types: 

6, 11, 16, 18, 26, 31, 33, 35, 

39, 40, 42, 45, 51-59, 66, 

68, 73, 82, 83, 84 

37 types: 

6, 11, 16, 18, 26, 31, 33, 35, 

39, 40, 42, 45, 51-56, 58, 

59, 61, 62, 64, 66, 67-73, 

81-84, IS39, and CP6108 

Oncogenic types  HCII (13):  

16, 18, 31, 33, 35, 39, 45, 

51, 52, 56, 58, 59, 68 

Reverse Line Blot (18):  

16, 18, 26, 31, 33, 35, 39, 

45, 51, 52, 55, 56, 58, 59, 

68, 73, 82, 83 

Reverse Line Blot (13): 

16, 18, 31, 33, 35, 39, 45, 

51, 52, 56, 58, 59, 66  

Non-oncogenic types  Reverse Line Blot (9) 

6, 11, 40, 42, 53, 54, 57, 66, 

84 

Reverse Line Blot (24): 

6, 11, 26, 40, 42, 53, 54, 55, 

61, 62, 64, 67-73, 81-84, 

IS39, and CP6108 
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C. Questionnaire data 

At each clinical visit in all three studies, participants completed a self-

administered, standardized questionnaire regarding health habits, such as smoking and 

alcohol use; sexual activity, such as number of recent partners, whether contact was made 

with a new sexual partner, the frequency of sexual intercourse, and the use of condoms. 

These data were considered as potential cofactors in the association between innate 

immunity and HPV prevalence, incidence, and clearance. Since the same team worked 

closely in the design of the questionnaires used in both studies, questions on behavioral 

and risk factors asked were similar in both cohorts. In addition, questionnaires were 

optically scanned and information was stored in an electronic database. 

 

D. Genomic DNA extraction 

Genomic DNA extraction was conducted only in the Young Women’s Health 

Study and the HPV Infection in Men: A Prospective Cohort Study. DNA was extracted 

from whole blood provided by each participant at the baseline visit and stored in a 1-ml 

aliquot at -70° C. These analyses were performed using an automated nano-bead 

technology following manufacturer’s instructions (139). In brief 1000 µl aliquots were 

digested with savinase for 12 hr at 65˚ C, followed by 200 µl of lysis buffer. DNA was 

eluted with 50µl of 10 mM Tris-EDTA buffer, pH 7.5 at 60˚C. DNA was stored at –20˚ C 

until use. As a quality control measure, a blood sample of known DNA concentration was 

extracted with every set of samples, along with a negative control containing no blood. 



 

57 

 

The extracted DNA of every sample (including controls) was then quantified by 

fluorimetry using picogreen with 10% of samples (and controls) quality checked in a 

multiplex PCR assay for performance control.  

 

E. KIR Genotyping Assay Design and Development 

E.1. Primer Design 

Sequence specific primers were designed based on the current alignment data 

provided by the Immuno Polymorphism Database (IPD)-KIR Database (140).  Primers 

were designed recognizing a conserved polymorphism unique for each KIR gene. Primer 

sets were designed to amplify the following genes: 2DL1, 2DL2, 2DL3, 2DL4, 2DL5, 

2DS1, 2DS2, 2DS3, 2DS4, 2DS5, 3DL1, 3DL2, 3DL3, and 3DS1.  Primers were 

synthesized by the Midland Certified Reagent Company (Midland, TX), and Integrated 

DNA Technologies, Inc. (San Diego, CA).   

 

E.2. Optimization 

All reactions were run on an Eppendorf Mastercycler® ep gradient thermocycler.  

To select optimum annealing temperatures, a temperature gradient was performed from 

55°C-75°C using Roche Human Genomic DNA (Roche Applied Science, Indianapolis, 

IN) at a concentration of 10 ng per reaction, for each multiplex reaction independently. 



 

58 

 

Annealing temperature gradients were first performed with each gene individually and 

then with all genes in their respective multiplex reaction.  

 

E.3. PCR and cycling conditions 

All PCR was performed using FastStart Taq DNA Polymerase (Roche Applied 

Science, Indianapolis, IN). Reaction volumes were 25 µl with final concentrations of 

reagents as follows: FastStart Taq DNA Polymerase (1U) and it’s PCR Buffer (1x), 

MgCl2 (2 mM), dNTP mix (0.2 mM each), BSA (0.16 mg/ml), and primers (400 µM 

each). Thermocycling program consisted of an initial hotstart at 94°C for 4 minutes; 

followed by 94ºC denaturation for 30 seconds, 68°C annealing for 30 seconds, and 72°C 

extension for 30 seconds for 35 cycles; with a final extension at 72°C for 7 minutes; and 

a hold step at 15°C. 

 

E.4. Agarose gel analysis of PCR products 

Five (5) µl of PCR product were mixed with 1 µl of EZ-Vision™ One DNA Dye 

(Amresco Inc., Solon, OH) and separated by electrophoresis on 3% Agarose SFR™ 

(Amresco Inc., Solon, OH) gels in 1x TBE for 45 minutes at 150 V. Gels were imaged 

and analyzed on a BioSpectrum
® 

AC Imaging System using VisionWorksLS Acquisition 

and Analysis software (UVP, Upland, CA). 
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E.5. Validation of the multiplex assay for analysis of the KIR locus 

DNA samples of known KIR genotype were provided by the Laboratory of 

Experimental Immunology, National Cancer Institute, for validation of our multiplex 

assay and were used as reference samples. Reference samples were first genotyped using 

the Pel-Freez® KIR Genotyping SSP Kit (Pel-Freez/Dynal Biotech LLC, Brown Deer, 

WI) for confirmation of KIR genotype. Reference samples were then genotyped using 

our multiplex assay to determine agreement between provided genotype, our assay, and 

the genotype determined by the commercially available kit.  Concordance by gene was 

calculated as a percentage with the number of discordant genes counted for each 

reference sample. 

E.6. Conversion to capillary electrophoresis platform 

 Forward primers for each gene were fluorescently labeled on the 5’ end with 

either 6-Carboxyfluorescein (6-FAM) or hexachlorofluorescein (HEX) for analysis by 

capillary electrophoresis on an ABI 3730 (Applied Biosystems, Foster City, CA). Primers 

from multiplex groups 1 and 2 were labeled with 6-FAM and primers from multiplex 

groups 3 and 4 were labeled with HEX. Reaction and thermocycling conditions were 

identical to those used with the unlabeled primer sets. Fluorescently labeled primer sets 

underwent the same validation procedures described above.  

  

F. Genotyping of samples 
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DNA was extracted from whole blood samples collected in two previously 

completed cohort studies conducted in Tucson, AZ. The Young Women’s Health Study 

assessed the natural history of Human papillomavirus (HPV) infection among women 

ages 18-35 (8). The HPV in Men: A Prospective Cohort Study was aimed to define the 

age-specific incidence and type specific HPV infection among men ages 18-44 (7). An 

automated DNA extraction protocol using Argylla™ nanoparticles was used. The 

extraction protocol was optimized and validated for the extraction of DNA from 1 ml 

aliquots of whole blood. Extracted DNA was quantified by fluorimetry using picogreen 

with 10% of samples quality checked using a multiplex PCR assay for performance 

control. To determine the optimal DNA input, 1 ng, 5 ng, and 10 ng of DNA extracts and 

Roche Human Genomic DNA were tested to determine assay performance.  

 

G. Definition of outcome measures 

G.1. HPV Infection Categories 

HPV infection categories were defined as follows: any HPV infection, oncogenic 

infection, non-oncogenic infection, and HPV negative. Samples were classified as 

positive for ―any HPV‖ if at least one HPV type was detected by PCR or genotyping. 

Samples were classified as positive for an oncogenic outcome if they were positive by 

genotyping for at least one of the following types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 

58, 59, and 66. For a non-oncogenic outcome, samples were classified as positive if they 



 

61 

 

were positive for at least one of the other HPV types not included in the oncogenic 

definition.  

Persistent HPV infection was defined as having infection with the same type 

specific HPV at two consecutive visits. Transient HPV infection was defined as infection 

with HPV at any clinical visit, but not containing two consecutive clinical visits with a 

positive HPV test result. HPV negative were those individuals that remained negative 

throughout the duration of the study. An incident HPV infection was characterized by the 

absence of a specific HPV type at baseline and acquisition of new HPV infection 

(previously negative) at any subsequent visit. Prevalence was assessed at baseline, which 

was defined as the presence of a positive HPV result at the baseline visit.  

 

G.2. HPV Endpoints 

 HPV prevalence was calculated as the number positive with the following HPV 

categories: Any HPV, Oncogenic HPV, Nononcogenic HPV, and Multiple-type HPV. 

Any HPV was defined as testing positive by PCR or positive for at least one of the 37 

HPV types (positive by PCR in the women’s study). Oncogenic HPV types were defined 

based on the International Agency for Research on Cancer (IARC) guidelines (36) and 

included the following types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 66. 

Nononcogenic types were any of the remaining HPV types. Multiple-type HPV infection 

was defined as testing positive for at least two of the 37 HPV types tested for.  
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Concordance in the HPV in Partners Pilot Study. Type-specific concordance was 

defined as a positive result with the same HPV type(s), or HPV category, in both sexual 

partners. Discordance was defined as a negative result for a specific HPV type, or HPV 

category, in one partner and a positive result for the same HPV type in the other sexual 

partner.  

 

G.3. KIR Genotype 

 KIR genotype was assigned based on the presence or the absence of individual 

KIR genes. KIR haplotypes were defined as follows:  Haplotype A includes two 

activating genes (2DL4 and 2DS4) and five inhibitory genes (2DL1, 2DL3, 3DL1, 3DL2, 

and 3DL3); Haplotype B encompasses all other combinations of genes. KIRs 2DL4, 

3DL2, and 3DL3 are framework genes possessed by all individuals regardless of 

haplotype. 

 

H. Statistical analyses  

H.1. HPV in Partners Pilot Study 

HPV type concordance was determined by: 1) estimating concordance of HPV 

positivity or negativity, and 2) calculating the Cohen’s kappa (κ) statistic and 

corresponding 95% confidence interval (CI), based on concordance. Concordance is 

reported as a percentage. Interpretation of κ was based on guidelines by Landis and Koch 
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(141) where a κ statistic of <0 suggests poor agreement, 0 to 0.20 slight, 0.21 to 0.40 fair, 

0.41 to 0.60 moderate, 0.61 to 0.80 substantial and 0.80 to <1.00 almost perfect, 1.00 

perfect agreement. All statistical analyses were performed using Intercooled Stata 9.2 

(StataCorp, College Station, TX). 

 

H.2. Young Women’s Health Study and HPV Infection in Men: A Prospective Cohort 

Study 

Analyses were performed separately in men and women due to the different 

sampling strategies, time points, study duration, and HPV detection methods utilized by 

each study. KIR gene carrier frequencies were calculated as percent positive of all 

individuals genotyped. HPV point prevalence at baseline was calculated as percent 

positive with the following HPV categories: Any HPV, Oncogenic HPV, and 

Nononcogenic HPV. HPV prevalence was also calculated among KIR positive 

individuals for each gene individually, and by haplotype. Univariate logistic regression 

was used to determine KIR genotype, haplotype, and behavioral risk factors associated 

with HPV prevalence at baseline for each HPV category. To assess factors independently 

associated with HPV prevalence, multivariate logistic regression analyses were used. 

Person months at risk were calculated for each individual for each HPV category 

based on the number of months from the baseline visit until time of detection or the last 

clinical visit if the individual remained HPV negative throughout the study duration. 

Cumulative probability of HPV incidence by KIR genotype and haplotype was measured 
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using Kaplan-Meier estimates of the cumulative hazard function among individuals 

negative for HPV at baseline. The probability of HPV clearance was estimated using the 

Kaplan-Meier survivor function. Comparisons between genotype and haplotype were 

made using the log-rank test for equality of survivor functions.  

Factors associated with acquiring an incident HPV infection and probability of 

clearance were assessed using Cox-proportional hazards models. To assess the main 

effects of each gene individually, univariate Cox-proportional hazards analyses were 

performed on those genes with a significant log-rank test at the α= 0.10 level of 

significance. Multivariate Cox-proportional hazards modeling was then conducted to 

identify independent predictors of acquiring an incident infection and probability of a 

clearance event, adjusting for known HPV risk factors with a significant log rank test at 

the α= 0.10 level of significance. All analyses were performed using Intercooled Stata 9.2 

(StataCorp, College Station, TX). 
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RESULTS 

Specific Aim 1: (Manuscript #1: Human papillomavirus type distribution among 

heterosexual couples) 

A. Population Characteristics 

Table 6 summarizes characteristics collected from the questionnaires of the 

individuals included in the study. Mean age for men was 30.5 years (range 19.1-42.6 

years) and 28.2 years (range 19.4-44.5 years) for women. Most participants self-reported 

as white, non-Hispanic, and had completed at least some college. Almost half of the men 

(48%) and over one third or women were (37.9%) were single/never married. Median 

number of lifetime sexual partners for men was 9 (SD: 19.6) compared to 2.5 (SD: 18) 

for women. Three men (11.1%) and two women (6.9%) reported sex with someone other 

than a steady partner in the three months leading up to their visit. Twenty-five (25%) of 

men and 41.4% of women reported having been ever diagnosed with a sexually 

transmitted disease. Thirty-eight percent (38%) of men and 41% of women reported 

using condoms at least half the time during vaginal sex in the previous three months 

leading up to their clinic visit, while 39% of men and 38% of women reported using a 

condom at their most recent vaginal intercourse. For self-reported duration of the sexual 

relationship nine men and nine women (31.0%) reported less than 12 months, three men 

(10.7%) and two women (6.9%) reported a duration of 12-24 months, three men (10.7%) 

and five women (17.2%) reported 24-36 months, and 13 men and 13 women (44.8% 

each) reported a duration of >36 months. Four men (13.8%) and eight women (27.6%) 
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reported engaging in vaginal sex less than 24 hours leading up to the clinical visit at 

which samples were collected for HPV testing. Seven men (24.1%) and eight women 

(27.6%) reported engaging in vaginal sex 24-48 hours prior to the clinical visit. The 

remainder of men (n=18, 62.1%) and women (n=13, 44.8%) reported engaging in vaginal 

sex >36 hours prior to the clinic visit.  
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Table 6: Demographic characteristics of study participants 

Characteristics Men: n (%)
a 

Women: n (%)
a
 

Age   

     Mean 30.5 28.2 

     18-24 6 (24) 12 (41.3) 

     25-29 6 (24) 5 (17.2) 

     30-34 5 (20) 7 (24.1) 

     35+ 8 (32) 5 (17.2) 

Race   

     White 19 (65.5) 17 (58.6) 

     Other
b 

6 (20.7) 11 (37.9) 

     Refuse 

 

4 (13.8) 1 (3.4) 

Hispanic   

     Yes 6 (20.7) 9 (31) 

     No 23 (79.3) 20 (69) 

Education   

     At least 12 years 5 (17.2) 5 (17.2) 

     13-16 years 12 (41.4) 12 (41.4) 

     17+ years 12 (41.4) 12 (41.4) 

Marital Status   

     Single, Never married 14 (48.3) 11 (37.9) 

     Married 9 (31) 9 (31) 

     Cohabiting 4 (13.8) 6 (20.7) 

     Divorced, separated 2 (6.9) 3 (10.3) 

Sexual partners (lifetime)   

     Median 9  2.5 

     1-5 11 (37.9) 19 (65.5) 

     6-10 6 (20.7) 5 (17.2) 

     11+ 12 (41.4) 4 (13.8) 

 

Sex with someone other than steady partner 

(past 3 months)
c 

  

     Yes 3 (11.1) 2 (6.9) 

     No 24 (88.9) 27 (93.1) 
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Table 6 (Continued): Demographic Characteristics of Study Participants 

 

Physician Diagnosed STD (ever)   

     Yes 7 (25) 12 (41.4) 

     No 14 (50) 17 (51.6) 

     Don’t know 7 (25) - 

Frequency of Condom Use (past 3 months)
c 

  

     Always 5 (17.2) 4 (13.8) 

     ≥ Half the time 6 (20.7) 8 (27.6) 

     < Half the time 5 (17.2) 6 (20.7) 

     Never 13 (44.8) 11 (37.9) 

Condom use at last vaginal sex   

     Yes 11 (39.3) 11 (37.9) 

     No 16 (57.1) 18 (62.1) 

     Don’t remember 1 (3.4) - 

   

Duration of sexual relationship (months)   

     ≤12 9 (32.1) 9 (31) 

     12-24 3 (10.7) 2 (6.9) 

     24-36 3 (10.7) 5 (17.2) 

     >36 13 (46.4) 13 (44.8) 

   

Time since last vaginal intercourse (hours)   

     ≤24 4 (13.8) 8 (27.6) 

     24-48 7 (24.1) 8 (27.6) 

     >48 18 (62.1) 13 (44.8) 
a
 Numbers may not add up to 29 due to refusals  

b
 Other: Black/African American, Asian, Native Hawaiian/Pacific Islander, American 

Indian/Alaska Native 
c
 Three months prior to visit 
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B. HPV Type Distribution in Sexual Partners 

Table 7 summarizes the HPV type distribution among men and women in the 

current study. All samples tested positive for the human β-globin target. HPV prevalence 

for Any HPV type was 75.9% (n=22) among men and 86.2% (n=25) among women. 

Eleven men (37.9%) and ten women (34.5%) had multiple HPV type infection. Of the ten 

women, seven had multiple types detected at the endo/ecto cervix and eight women had 

multiple types detected at the external genital sites. Nine men (31.0%) and eleven women 

(37.9%) presented with oncogenic type infections. In men, the most prevalent HPV types 

were HPV types 62 and CP6108 with seven men infected with each, while HPV type 53 

was the most prevalent single type in women. HPV types 16, 18, 31, 35, 54, 56, and 67 

were detected only in women, while types 51, 55, 66, and 70 were detected only in men.  
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Table 7: HPV Type Distribution in Sexual Partners 

 Men: n(%)
a
 Women: n(%)

a
 By Site

b
 

HPV Type   EE n(%)
a
 LVP n(%)

a
 

 

Negative 

 

7 (24.1) 

 

4 (13.8) 

 

7 (24.1) 

 

14 (48.3) 

     

Any HPV 22 (75.9) 25 (86.2) 22 (75.9) 15 (51.7) 

     

Oncogenic
c 

9 (31.0) 8 (27.6) 4 (13.8) 7 (24.1) 

16
 

0 2 1 2 

18
 

0 1 0 1 

31
 

0 1 0 1 

35
 

0 1 1 1 

39 1 3 2 2 

51
 

3 0 0 0 

52 3 1 1 0 

56
 

0 2 1 2 

59 2 1 0 1 

66
 

1 0 0 0 

     

Non-Oncogenic 16 (55.2) 11 (37.9) 9 (31.0) 10 (34.5) 

6 1 1 1 1 

11 1 1 1 1 

53 4 4 4 4 

54
 

0 1 1 0 

55
 

1 0 0 0 

62 7 3 2 2 

67
 

0 1 0 1 

70
 

1 0 0 0 

83 1 1 1 1 

84 2 2 2 2 

CP6108 7 1 1 1 

     

Multiple types 11 (37.9) 10 (34.5) 7 (24.1) 8 (27.6) 
a 
Numbers are individuals with type specific infections (total n=29) 

b 
Women were sampled at two anatomical sites (EE: endo/ecto cervix, LVP: labia, vulva, 

perineum)  
c 
Oncogenic HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 66 
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C. HPV Type Concordance in Sexual Partners 

At least partial concordance, where at least one of the HPV types detected in the 

couple was present in both members, was observed in 66% (19/29) of the couples (Table 

8). Forty-one percent (12/29) of the couples had perfect concordance where the same 

HPV types were detected in both partners. Of the couples with perfect type-specific 

concordance, 10 out of 12 (83%) were a result of both partners testing negative for HPV. 

In eleven couples (38%), complete discordance was observed where one or more HPV 

types were detected in one partner but not in the other partner. Among women, only three 

had the same types detected at both anatomical sites. High risk types 16, 18, 31, 35, and 

56 were only detected in women; high risk types 51 and 66 only detected in men. Of the 

12 couples infected with oncogenic types, only one displayed oncogenic type-specific 

concordance with HPV 59. Among total type specific infections detected 28.5% (10/35) 

in men and 38.1% (16/42) in women were oncogenic types.  
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Table 8: Type specific concordance between men and women 

 Men Women
a  

Couple HPV Type
b
 HPV Type

b
 (LVP) HPV Type

b
 (EE) Concordance

c 

1 11, 53, 59 11, 53, 59 11, 53 100 

2 53,CP6108 53,CP6108 53, CP6108 100 

3 0 0 0 100 

4 0 0 0 100 

5 0 0 0 100 

6 0 0 0 100 

7 0 0 0 100 

8 0 0 0 100 

9 0 0 0 100 

10 0 0 0 100 

11 0 0 0 100 

12 0 0 0 100 

13 51, 53, 62 53, 62 53, 62 67 

14 62, CP6108 62 0 50 

15 83 83 39, 83 50 

16 39, 52, 62 0 62 33 

17 59, 84 16, 84 84 33 

18 53 35, 53 35, 52, 53 33 

19 6, 51 6, 39, 56 6, 39, 56 25 

20 5, 55, 84, CP6108 0 0 0 

21 52, 70, CP6108 0 0 0 

22 62, CP6108 18, 39, 56 0 0 

23 62, CP6108 0 0 0 

24 66 16, 67 16 0 

25 CP6108 0 0 0 

26 62 31 0 0 

27 52 0 0 0 

28 62 0 0 0 

29 0 84 54, 84 0 

Oncogenic HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 66
 

a
 Women were sampled at two different anatomical sites (EE: endo/ecto cervix, LVP: 

labia, vulva, perineum) 
b
 Discordant HPV types between partners are in bold  

c
Type concordance regardless of genital site sampled in women calculated based on types 

detected between partners (percent) 
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D. HPV Type Concordance by HPV Category 

Table 9 estimates the concordance of HPV infection regardless of genital site 

sampled between partners for each of the four HPV categories: Any HPV, Oncogenic 

HPV, Nononcogenic HPV, and Mutiple-type HPV. Concordance was highest for Any 

HPV with 82.8% of couples concordant. All other categories exhibited concordance at 

69.0%. Kappa (κ) statistics were highest for Any HPV type where moderate agreement 

was observed between partners, with a κ of 0.45 (95% CI: 0.05-0.75). Fair agreement was 

observed with all other HPV categories, with nononcogenic HPV the second highest 

(κ=0.39, 95% CI: 0.01-0.65), followed by Multiple-type HPV (κ=0.33, 95% CI: -0.03-

0.63), and Oncogenic HPV exhibiting the lowest agreement (κ=0.25, 95% CI: -0.09-

0.58). 
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Table 9: HPV concordance between men and women by type category 

 

HPV Type 

 

Concordance (%) 

 

Kappa (95% CI) 

 

Interpretation
a 

 

Any HPV 

 

 

82.8 

 

0.45 (0.05-0.75) 

 

Moderate 

Oncogenic HPV 

 

69.0 0.25 (-0.09-0.58) Fair 

Nononcogenic HPV 

 

69.0 0.39 (0.01-0.65) Fair 

Multiple Type HPV 

 

69.0 0.33 (-0.03-0.62) Fair 

a 
Guidelines by Landis and Koch  
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Specific Aim 2: (Manuscript #2: Design and validation of a multiplex specific primer-

directed polymerase chain reaction assay for killer-cell immunoglobulin-like receptor 

genetic profiling). 

A. Development of KIR Genotyping Assay 

A.1. Primer design and optimization 

 Optimized primers sets for 14 genes on the KIR locus are listed in Table 10. All 

PCR primers were placed in exons 4, 5, 7, and 8 with the majority of amplicons in exons 

4 and 5 (Figure 2). PCR products range in size from 80 bp to 565 bp. In addition, primers 

were developed for KIR2DS4 to capture alleles 003, 004, and 006-009 which possess a 

22 base pair deletion in exon 5 (KIR2DS4del). Primers for KIR2DS4 and KIR2DS4del 

are located in different exons and identify both gene variants independently (Figure 3). 

These primer sets solely determine the presence or absence of each variant and were not 

designed to determine heterozygosity and homozygosity of the variants. Both KIR2DL3 

and KIR2DS1 required the use of two reverse primers to account for polymorphisms at 

the priming site. KIR2DL3 reverse primer 1a captures alleles 001-006 and reverse primer 

1b captures allele 007. KIR2DS1 reverse primer 1a captures allele 001 and reverse primer 

1b captures alleles 002-004. KIR2DL1 and KIR2DS1 use a forward primer common to 

both genes. An illustration of PCR amplicons is shown in Figure 4, with eight individual 

KIR typings and all amplicons represented. Upon analysis of DNA input, 5 ng was 

selected to minimize DNA consumption while maintaining specificity. Multiplex PCR 

products amplified successfully at all three input levels (1, 5, and 10 ng). However, when 
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using 1 ng of DNA it was not always possible to visualize amplicons by gel 

electrophoresis. Samples are shown at a concentration of 5 ng DNA input in Figure 4.  
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Table 10: KIR multiplex primer sets 

Group 1 Primer
 

Sequence Location Size 

KIR3DL3 Forward GGAGCTTGTTTGACATTTACCATCT  Exon 5 207 

  Reverse TGACAGAAACGGGCAGTGGGTC Exon 5  

KIR2DS4del Forward CTTGTCCTGCAGCTCCATCTATC Exon 5 176 

  Reverse GAGTTTGACCACTCGTAGGGAGC Exon 5  

KIR2DL1 Forward* GCARTGTTGGTCAGATGTCATGTTTGAAC Exon 4  152 

  Reverse AGGTCCCTGCCAGGTCTTGCG Exon 4   

KIR2DS4 Forward TTCCTGGCCCTCCCAGGTCAC Exon 4  87 

  Reverse AAGGAAGTGCTCAAACATGACATCC Exon 4   

       

Group 2        

KIR2DL3 Forward TCTTCTTTCTCCTTCATCGCTGGTGCTG Exon 7 533 

  Reverse-a CCTGCAGGCTCTTGGTCCATTACAA Exon 8   

  Reverse-b CTGCAGGCTCTTGGTCCATTACCG Exon 8   

KIR2DL5 Forward TCCTGCAGCTCCAGGAGCTCATT Exon 5 193 

  Reverse CGGGTCTGACCACTCATAGGGT Exon 5   

KIR2DL2 Forward AGGGAGGGGGAGGCCCATGAAT Exon 5 171 

  Reverse AACAAGCAGTGGGTCACTCGAGTT Exon 5   

KIR2DL4 Forward GTATCGCCAGACACCTGCATGCTG Exon 7 91 

  Reverse CACCAGCGATGAAGGAGAAAGAAGGGA Exon 7   

       

Group 3        

KIR3DL2 Forward AGGCCCATGAACGTAGGCTCCG Exon 5 150 

  Reverse GGTCACTTGAGTTTGACCACACGC Exon 5   

KIR2DS2 Forward GCACTTCCTTCTGCACAGAGAGGGGAAGTA Exon 4 130 

  Reverse TCTGTAGGTCCCTGCAAGGTCTTGCATC Exon 4   

KIR2DS5 Forward CTGCACAGAGAGGGGACGTTTAACC Exon 4 95 

  Reverse GTCATGCGACCGATGGAGAAGTTGC Exon 4   

KIR3DS1 Forward TACATGTTCACTCCAAGGCCAATTTCTCCATCGGTT Exon 4 80 

  Reverse TCACTTCTAAATCTGTAGGTCCCTGCAAGGGCAC Exon 4   

       

Group 4        

KIR3DL1 Forward ATCCTCCTCCTCTTCTTTCTCCTTCATCT Exon 7 565 

  Reverse CTCGCTGTTGGCTGTTCTGTTC Exon 8   

KIR2DS3 Forward GTGACCTTGTCCTGCAGCTCCT Exon 5   

  Reverse GAGCCGAAGCATCTGTAGGTTCCTCCT Exon 5 170 

KIR2DS1 Forward*
 

GCARTGTTGGTCAGATGTCATGTTTGAAC Exon 4   

  Reverse-a TAGGTCCCTGCCAGGTCTTGCC Exon 4 153 

  Reverse-b TAGGTCCCTGCCAGGTCTTGCT Exon 4   

*KIR2DL1 and KIR2DS1 share a common forward primer  
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Figure 2: KIR Multiplex SSP-PCR Amplicon Locations on the KIR Gene Locus 

 

Approximate amplicon locations are shown in Figure 1. Two amplicons span exons 7 and 

8, with 12 amplicons in exons 4 and 5.  
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Figure 3: Priming site for KIR2DS4del variant  

 

 

KIR2DS4del variant forward primer is located in exon five spanning the 22 base pair 

deletion (grey box) present in alleles 003, 004, and 006-009 (primer denoted by black 

stripe connected by double sided arrow). KIR2DS4del variant is only amplified if the 

deletion is present. KIR2DS4 is amplified if either the full length variant or the deletion 

variant is present. Neither is amplified if KIR2DS4 is absent. 

 

KIR2DS4delKIR2DS4

Exon 4 Exon 5

294 bp300 bp

Exon 5

Forward priming site for KIR2DS4del

KIR2DS4delKIR2DS4

Exon 4 Exon 5
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Exon 5

Forward priming site for KIR2DS4del
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Figure 4: KIR profiles of eight samples using multiplex 

  



 

81 

 

 

 

Figure 4 Legend: KIR profiles of eight samples using multiplex PCR   
 

Eight complete KIR genotype profiles from samples (A-H). The presence (+) or absence 

(-) of each gene is labeled below each gel image. Amplicon lengths are referenced on the 

right. Five (5) µl of PCR product were mixed with 1 µl of EZ-Vision™ One DNA Dye 

(Amresco Inc., Solon, OH) and separated by electrophoresis on 3% Agarose SFR™ 

(Amresco Inc., Solon, OH) gels in 1x TBE for 45 minutes at 150 V. DNA marker: 

Novagen 50 bp Perfect DNA Ladder.  
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A.2. Assay Validation 

KIR genotype using a previously published method (142) of the ten reference 

samples are shown in Table 11. Concordance of genotype with the commercially 

available Pel-Freez® KIR Genotyping SSP Kit, and our multiplex SSP-PCR KIR 

genotyping assay are also reported. One-hundred percent concordance of genotypes was 

observed between all three genotyping methods. It is important to note that the multiplex 

SSP-PCR does not account for KIR2DS4 and KIR2DS4del variant homozygosity and 

heterozygosity. KIR2DS4 and KIR2DS4del variant are typed independently (Figure 4). 

KIR2DS4 and KIR2DS4del variant are both typed negative if both variants are absent 

(samples 5 and 10). KIR2DS4 and KIR2DS4del are positive if the deletion variant is 

present (samples 1, 2, 4, 6, and 7). KIR2DS4 is positive and KIR2DS4del is negative if 

the deletion variant is absent (samples 3, 8, and 9). 
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Table 11: Concordance of genotypes with reference samples 

Mplex Group KIR 1 2 3 4 5 6 7 8 9 10 

1 3DL3 Present Present Present Present Present Present Present Present Present Present 

  2DS4del Present Present Absent Present Absent Present Present Absent Absent Absent 

  2DL1 Present Present Present Present Present Absent Present Present Present Absent 

  2DS4 Present Present Present Present Absent Present Present Present Present Absent 

2 2DL3 Present Present Present Present Present Absent Present Absent Present Absent 

  2DL5 Absent Present Present Present Present Absent Present Present Present Present 

  2DL2 Absent Present Present Absent Present Present Present Present Present Present 

  2DL4 Present Present Present Present Present Present Present Present Present Absent 

3 3DL2 Present Present Present Present Present Present Present Present Present Present 

  2DS2 Absent Present Present Absent Present Present Present Present Present Present 

  2DS5 Absent Absent Present Absent Present Absent Present Present Absent Present 

  3DS1 Absent Absent Present Present Present Absent Present Present Present Absent 

4 3DL1 Present Present Present Present Absent Present Present Present Present Absent 

  2DS3 Absent Present Absent Present Present Absent Present Present Present Absent 

  2DS1 Absent Absent Present Present Present Absent Present Present Present Present 

Concordance (%) 1 2 3 4 5 6 7 8 9 10 

Pel Freez SSP Kit  100 100 100 100 100 100 100 100 100 100 

Multiplex Assay Genotype 100 100 100 100 100 100 100 100 100 100 

 

Grey denotes a positive genotype, white denotes a negative genotype. Samples 1, 4, 6, and 7 were positive for KIR2DS4del 

variant and negative for the full length variant both in the previous genotyping and the Pel Freez KIR SSP Kit (denoted in 

black). KIR2DS4 and KIR2DS4del variant are typed independently in the multiplex SSP-PCR assay. KIR2DS4 and 

KIR2DS4del variant are both typed negative if both variants are absent (samples 5 and 10). KIRDS4 and KIR2DS4del are 

positive if the deletion variant is present (samples 1, 2, 4, 6, and 7). KIR2DS4 is positive and KIR2DS4del is negative if the 

deletion variant is absent (samples 3, 8, and 9) 
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Specific Aim 3: (Manuscript #3: Activating killer-cell immunoglobulin like receptor 

status and Human papillomavirus incidence in women) 

 

A. Baseline Characteristics of Women from the Young Women’s Health Study 

A total of 283 women from the Young Women’s Health Study had samples 

available for KIR genotyping, and were included in the current analyses. Median time of 

follow-up was 9.04 months (range: 2.04-17.6 months). Baseline demographic and 

behavioral characteristics of this sub-cohort are presented in Table 12. Mean age was 

24.2 (SD: ±4.6) years. The majority of study participants were: white non-Hispanic, 

single, completed at least some college, and were nulliparous. Almost three quarter of 

women (73.8%) reported first sexual intercourse in their adolescent years (median age: 

16), and median number of male sexual partners was six. Additionally, most women 

reported oral contraceptive use and had a pap exam ever, with half the women reporting 

as current or former smokers. HPV prevalence was 41.4% for any HPV, 33.2% for 

oncogenic types, and 7.8% for nononcogenic types. 
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Table 12: Baseline Characteristics of Genotyped YWHS Samples 

Baseline Characteristic Women
 

n=268  (%) 

Age  

Mean 24.2  ± 4.6 

18-20 70  (26.1) 

21-23 63  (23.5) 

24-27 71  (26.5) 

28-35 64  (23.9) 

  

Ethnicity  

White, non-Hispanic 211  (80.2) 

Hispanic 44  (16.7) 

Other 8  (3.0) 

  

Education  

High school graduate or less 60  (22.4) 

Some college/vocation school 147  (54.9) 

College degree/graduate school 61  (22.8) 

  

Marital status  

Single 183  (68.3) 

Married 26  (9.7) 

Cohabiting 26  (9.7) 

Divorced/separated/widowed 33  (12.3) 

  

Age at first intercourse  

Median 16 

11-15 88  (33.0) 

16-17 109  (40.8) 

18-32 70  (26.2) 

  

Lifetime no. of male sex partners  

Median 6 

1 24  (9.1) 

2-4 71   (26.8) 

5-9 83    (31.3) 

10-60 87    (32.8) 

  

Oral contraceptive use  

Never 43    (18.9) 

<60 months 129  (56.3) 

≥60 months 57    (24.9) 
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Pap smear, ever  

No 20    (7.5) 

Yes 248  (92.5) 

  

No. of pregnancies  

None 138  (51.5) 

1 64    (23.9) 

2-9 66    (24.6) 

  

 

 

No. of live births 

 

None 206  (76.9) 

≥1 62    (23.1) 

  

Smoking history  

Never 132  (49.3) 

Current 102 (38.1) 

Former 34    (12.7) 

  

HPV infection status  

Any HPV  

Negative 157  (58.6) 

Positive 111  (41.4) 

  

Oncogenic HPV  

Negative 179 (66.8) 

Positive 89 (33.2) 

  

Nononcogenic  HPV  

Negative 247  (92.2) 

Positive 21 (7.8) 
a
 Samples with DNA available for KIR genotyping  
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B. KIR Gene Carrier Frequencies and HPV Prevalence in Women 

KIR gene carrier frequencies and HPV prevalence by KIR genotype are 

summarized in Table 13. All three framework genes (KIR2DL4, KIR3DL2, and 

KIR3DL3) were detected in all individuals as expected. KIR2DL1 was detected at the 

highest frequency with 94.8% of women with a positive genotype, and KIR2DS3 was 

detected at the lowest frequency (24.4%). KIR2DL3, KIR2DS4 (including the deletion 

variant), and KIR3DL1 were observed in at least 80% of women. The remaining KIRs 

were present at a frequency of 52.6% or below (range: 30.7-52.6). Any HPV prevalence 

was the highest among KIR2DS3 positive individuals and lowest among KIR2DS5 

individuals. The same trend was observed for oncogenic types. For nononcogenic types, 

the highest prevalence was observed among KIR2DL2 positive women and the lowest 

among KIR2DS1 positive women (Table 13).  
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Table 13: HPV prevalence among KIR positive women 

Gene 

Carrier Frequency  

n (%) 

HPV Prevalence Among Gene Carriers 

n (%) 

  

Ntotal = 268 

 

Any HPV 

 

 

Oncogenic 

 

 

Nononcogenic 

 

 

Haplotype A 92 (33.6) 38 (41.3) 34 (40.0) 6 (6.5) 

 

KIR2DL1 254 (94.8) 106 (41.7) 85 (33.5) 21 (8.3) 

 

KIR2DL3 235 (87.8) 97 (41.3) 77 (32.8) 20 (8.5) 

 

KIR2DS4 252 (94.1) 105 (41.7) 85 (33.7) 20 (7.9) 

 

KIR2DS4del
a
 219 (81.9) 91 (41.6) 75 (34.2) 16 (7.3) 

 

KIR3DL1 252 (94.1) 105 (41.7) 85 (33.7) 20 (7.9) 

 

Haplotype B 176 (66.4) 73 (41.5) 55 (31.3) 15 (8.5) 

 

KIR2DL2 138 (51.5) 62 (44.9) 46 (33.3) 13 (9.4) 

 

KIR2DL5 128 (36.5) 50 (39.1) 37 (28.9) 11 (8.6) 

 

KIR2DS1 106 (39.3) 39 (36.8) 31 (29.2) 6 (5.7) 

 

KIR2DS2 141 (52.6) 62 (44.0) 46 (32.6) 13 (9.2) 

 

KIR2DS3 66 (24.4) 30 (45.5) 24 (36.4) 6 (9.1) 

 

KIR2DS5 83 (30.7) 28 (33.8) 20 (24.1) 6 (7.2) 

 

KIR3DS1 99 (36.7) 38 (38.4) 30 (30.3) 6 (6.1) 

KIR2DL4, KIR3DL2, KIR3DL3 are framework genes and are present in all individuals 
a
KIR2DS4 alleles 003-009 which possess a 22 base pair deletion in exon 5 
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C. Main effects of KIR gene positivity on HPV prevalence in women 

Table 14 summarizes the main effects of KIR gene positivity on HPV prevalence 

by HPV type. KIR2DS5 was significantly associated with oncogenic HPV prevalence 

(Odds ratio [OR]: 0.56, 95% Confidence Interval [CI]: 0.31-0.99). Although not 

statistically significant, KIR2DS5 was also protective against any HPV prevalence (OR: 

0.63, 95% CI: 0.36-1.07).   
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Table 14: Main effects of KIR gene positivity on HPV prevalence in Women 

 
Any HPV Prevalence 

 

Oncogenic HPV Prevalence 

  

Nononcogenic HPV Prevalence 

 

Gene  

Positive 

 

Negative 

Crude OR
a 

(95% CI) 

 

Positive 

 

Negative 

Crude OR
a 

(95% CI) 

 

Positive 

 

Negative 

Crude OR
a 

(95% CI) 

 

Haplotype A 38 (41.3) 

 

 

 

34 (40.0) 

  

6 (6.5) 

 

 

 

 

KIR2DL1 106 (41.7) 

 

5 (35.7) 

 

1.29 (0.42-3.96) 85 (33.5) 

 

4 (30.8) 

 

1.15 (0.34-3.85) 21 (8.3) 

 

0 

 

-- 

 

KIR2DL3 97 (41.3) 

 

14 (42.4) 0.95 (0.46-1.99) 77 (32.8) 

 

12 (37.5) 0.83 (0.38-1.78) 20 (8.5) 

 

1 (3.1) 2.92 (0.38-22.6) 

 

KIR2DS4 105 (41.7) 

 

6 (37.5) 1.19 (0.42-3.38) 85 (33.7) 

 

4 (26.7) 1.43 (0.44-4.61) 20 (7.9) 

 

1 (6.7) 1.22 (0.15-9.78) 

 

KIR2DS4del 91 (41.6) 

 

20 (40.8) 1.03 (0.55-1.93) 75 (34.2) 

 

14 (29.2) 1.29 (0.65-2.56) 16 (7.3) 

 

5 (10.4) 0.69 (0.24-1.98) 

 

KIR3DL1 105 (41.7) 

 

6 (37.5) 1.19 (0.42-3.38) 85 (33.7) 

 

4 (26.7) 1.43 (0.44-4.61) 20 (7.9) 

 

1 (6.7) 1.22 (0.15-9.78) 

 

Haplotype B 73 (41.5) 

 

1.01 (0.60-1.69) 55 (31.3) 

 

0.80 (0.47-1.36) 15 (8.5) 

 

 1.37 (0.51-3.66) 

 

KIR2DL2 62 (44.9) 

 

49 (37.6) 1.35 (0.83-2.20) 46 (33.3) 

 

43 (33.3) 1.03 (0.62-1.72) 13 (9.4) 

 

8 (6.2) 1.61 (0.64-4.03) 

 

KIR2DL5 50 (39.1) 

 

61 (43.6) 0.83 (0.51-1.35) 37 (28.9) 

 

52 (37.4) 0.70 (0.42-1.18) 11 (8.6) 

 

10 (7.2) 1.24 (0.51-3.04) 

 

KIR2DS1 39 (36.8) 

 

72 (44.4) 0.73 (0.44-1.20) 31 (29.2) 

 

58 (36.0) 0.76 (0.45-1.30) 6 (5.7) 

 

15 (9.3) 0.60 (0.23-1.61) 

 

KIR2DS2 62 (44.0) 

 

49 (38.6) 1.25 (0.77-2.03) 46 (32.6) 

 

43 (34.1) 0.97 (0.58-1.61) 13 (9.2) 

 

8 (6.3) 1.53 (0.61-3.83) 

 

KIR2DS3 30 (45.5) 

 

81 (40.1) 1.24 (0.71-2.18) 24 (36.4) 

 

65 (32.8) 1.17 (0.65-2.09) 6 (9.1) 

 

15 (7.6) 1.22 (0.45-3.29) 

 

KIR2DS5 28 (33.8) 

 

83 (44.9) 0.63 (0.36-1.07) 20 (24.1) 

 

69 (37.5) 0.56 (0.31-0.99) 6 (7.2) 

 

15 (8.2) 0.91 (0.34-2.45) 

 

KIR3DS1 38 (38.4) 

 

73 (43.2) 0.82 (0.49-1.35) 30 (30.3) 

 

59 (35.1) 0.84 (0.49-1.43) 6 (6.1) 

 

15 (8.9) 0.68 (0.25-1.81) 

KIR2DL4, KIR3DL2, KIR3DL3 are framework genes and are present in all individuals 
a
Reference group for each gene are KIR negative individuals, reference group for Haplotype B is Haplotype A 
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D. HPV Incidence by KIR genotype in Women 

The cumulative probability of HPV incidence for any HPV and oncogenic HPV 

comparing KIR positive women to KIR negative women is shown in Figure 5. The 

cumulative probability of infection with any HPV at ten months among HPV negative 

women at baseline was higher among women positive for KIR2DL2 (33.6%), KIR2DS2 

35.5%), and KIR2DS3 (38.3%) compared to women negative for those genes (17.4%, 

14.6%, and 22.5%, respectively). Conversely, the cumulative probability of acquiring any 

HPV was lower for KIR2DS5 positive women (16.5%) when compared to KIR2DS5 

negative women (30.8%), although this did not reach statistical significance. Individuals 

with KIR Haplotype B also had a higher cumulative probability of acquiring any HPV 

(33.6%) compared to KIR Haplotype A (11.3%).  

A similar trend was observed for the probability of oncogenic HPV acquisition at 

ten months: higher probability among women positive for KIR2DL2 (32.5%), KIR2DS2 

(32.9%), KIR2DS3 (31.8%) compared to women negative for the same genes (14.0%, 

13.8%, and 21.9%, respectively). Women with KIR Haplotype B (31.9%) also had an 

increase probability of acquisition of oncogenic infection at ten months compared to KIR 

Haplotype A (9.3%). A significant decreased probability of oncogenic HPV acquisition 

among KIR2DS5 positive women (13.9%) compared to KIR2DS5 negative women 

(29.0%) was observed (Figure 5).  
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Figure 5: Kaplan-Meier estimates of cumulative probability of incident infections
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Figure 5: Kaplan-Meier survival curves  

A higher cumulative probability of infection among women positive for KIR2DL2, 

KIR2DS2, and KIR2DS3 was observed, while the cumulative probability of incidence 

with any HPV was lower for KIR2DS5 positive women. Individuals with KIR Haplotype 

B also had a higher cumulative probability of any HPV incidence. The same trend was 

observed for the cumulative probability of oncogenic HPV incidence. 
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E. Association of KIR Genotype with HPV Incidence in Women 

Table 15 presents incidence rates of HPV by KIR genotype and the main effect of 

KIR gene positivity on the risk of acquiring an incident HPV infection among HPV 

negative women at baseline. The incidence rate for Any HPV was higher among women 

positive for KIR2DL2 (4.0% per month), KIR2DS2 (4.2% per month), and KIR2DS3 

(5.1% per month) compared to their negative counterparts (1.9%, 1.7%, and 2.4% per 

month, respectively). Women with KIR haplotype B had a higher incidence rate for any 

HPV (3.7% per month) compared to women with KIR haplotype A (1.6% per month). 

Incidence rates were lower for KIR2DS5 positive women (2.1% per month) compared to 

KIR2DS5 negative women (3.4% per month). Consistent with Any HPV, incidence rates 

for oncogenic HPV followed the same trend: elevated incidence rates among women 

positive for KIR2DL2, KIR2DS2, KIR2DS3, and KIR Haplotype B, and a decreased 

incidence rate among KIR2DS5 positive women (Table 15).  

Acquisition of an incident infection with any HPV was positively associated with 

KIR2DL2 (Hazards Ratio [HR]: 2.11, 95% CI: 1.0-4.44), KIR2DS2 (HR: 2.44, 95% CI: 

1.13-5.24), KIR2DS3 (HR: 2.36, 95% CI: 1.16-4.81), and KIR haplotype B (HR: 2.48, 

95% CI: 1.02-6.02). Consistent with Any HPV, acquisition of an incident infection with 

oncogenic HPV was positively associated with KIR2DL2 (HR: 2.04, 95% CI: 0.89-4.74), 

KIR2DS2 (HR: 2.10, 95% CI: 0.91-4.80), KIR2DS3 (HR: 2.13, 95% CI: 0.95-4.78), and 

KIR haplotype B (HR: 2.38, 95% CI: 0.89-6.34). KIR2DS5 was negatively associated 

with acquisition of any HPV (HR: 0.61, 95% CI: 0.27-1.32) and oncogenic HPV 

infection (HR: 0.36, 95% CI: 0.12-1.04), however not statistically significant. 
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Table 15: Associations between KIR genes and HPV incidence 

 

Any HPV 

Women at 

Risk 

No. of Infections
a 

Person months Incidence rate
b 

(95% CI)
 

HR (95% CI)
 

 

KIR2DL2 

     

Negative 72 10 538.1 18.6  (9.9-34.5) ref 

Positive 74 23 568.8 40.4  (26.9-60.8) 2.11 (1.0-4.44) 

KIR2DS2      

Negative 70 9 528.8 17.0 (8.9-32.7) ref 

Positive 76 24 578.2 41.5 (27.8-61.9) 2.44 (1.13-5.24) 

KIR2DS3      

Negative 112 21 869.9 24.1 (15.7-37.0) ref 

Positive 34 12 237.1 50.6 (28.7-89.1) 2.36 (1.16-4.81) 

KIR2DS5      

Negative 96 25 731.8 34.1 (23.1-50.6) ref 

Positive 50 8 375.1 21.3 (10.7-42.6) 0.61 (0.27-1.35) 

Haplotype      

A 49 6 381.4 15.7 (7.0-35.0) ref 

B 97 27 725.5 37.2 (25.5-54.3) 2.48 (1.02-6.02) 

 

Oncogenic HPV 

   
 

 

 

KIR2DL2 

     

Negative 69 8 507.2 15.8 (7.9-31.5) ref 

Positive 74 18 544.9 33.0 (20.8-52.4) 2.04 (0.89-4.70) 

KIR2DS2      

Negative 67 8 504.6 15.9 (7.9-31.7) ref 

Positive 76 18 547.5 32.9 (20.7-52.2) 2.10 (0.91-4.80) 

KIR2DS3      

Negative 109 17 831.3 20.5 (12.7-32.9) ref 

Positive 34 9 220.8 40.8 (21.2-78.3) 2.13 (0.95-4.78) 

KIR2DS5      

Negative 94 22 701.9 31.3 (20.6-47.6) ref 

Positive 49 4 350.2 11.4 (4.3-30.4) 0.36 (0.12-1.04) 

Haplotype      

A 47 5 369.0 13.5 (5.6-32.5) ref 

B 96 21 683.1 30.7 (20.0-47.1) 2.38 (0.89-6.34) 

 

NOTE: HR= Hazards ratio, CI = confidence interval 
a
 Incident infections by genotype 

b 
No. of infections per 1000 person months 

c 
HR and 95% CI adjusted for risk factors with significant log-rank test results 
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F. Joint effects of KIR2DS5 with KIR2DL2, KIR2DS2 and KIR2DS3 on HPV Incidence 

Gene by gene interactions between KIR2DS5 and KIR2DL2, KIR2DS2, and 

KIR2DS3 were explored and are presented in Table 16. Women lacking KIR2DS5 had a 

statistically significant increase in risk of any HPV acquisition in the presence of 

KIR2DL2 (HR: 2.95, 95% CI: 1.28-6.86), KIR2DS2 (HR: 3.33, 1.39-7.99), or KIR2DS3 

(2.77, 95% CI: 1.24-6.19) compared to women lacking the gene pairs. Furthermore, when 

KIR2DS5 is present, no statistically significant associations with risk of any HPV 

acquisition were observed. With the exception of KIR2DS3, the same statistically 

significant association was observed with oncogenic HPV. An increased risk for 

oncogenic HPV acquisition was observed among women lacking KIR2DS5 and 

possessing KIR2DL2 (HR: 3.69, 1.44-9.46), KIR2DS2 (HR: 3.53, 1.38-9.05), or KIR2DS3 

(HR: 2.35, 0.98-5.62) compared to women lacking the gene pairs.   

No statistically significant differences in HPV clearance rates were observed 

when comparing KIR positive women to KIR negative women (data not shown). 

However, women possessing KIR haplotype B had a slightly longer duration of infection 

with any HPV and oncogenic HPV, compared to KIR haplotype A (not statistically 

significant). This is the same trend observed with HPV incidence. None of the KIR 

genotypes or haplotypes were significantly associated with HPV clearance when assessed 

by Cox-proportional hazards modeling. Although the independent effects of additional 

predictors of HPV prevalence and incidence were explored, none significantly affected 

the magnitude of the odds ratios or hazards ratios.  
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Table 16: Joint effects of KIR2DS5 with KIR2DL2, KIR2DS2, or KIR2DS3 on HPV 

incidence 

 

Any HPV 

Women at 

Risk 

No. of Infections
a 

Person months Incidence rate
b 

(95% CI)
 

HR (95% CI)
 

 

2DS5-/2DL2- 

 

54 

 

8 

 

417.7 

 

19.2 (9.58-38.3) 

 

Ref 

2DS5-/2DL2+ 42 17 314.1 54.1 (33.6-87.1) 2.95 (1.28-6.86) 

2DS5+/2DL2- 17 2 120.4 16.6 (4.15-66.3) 0.98 (0.21-4.64) 

2DS5+/2DL2+ 32 6 254.7 23.6 (10.5-52.4) 1.15 (0.40-3.32) 

 

2DS5-/2DS2- 

 

52 

 

7 

 

399.5 

 

17.5 (8.35-36.8) 

 

Ref 

2DS5-/2DS2+ 44 18 332.3 54.1 (34.1-86.0) 3.33 (1.39-7.99) 

2DS5+/2DS2- 17 2 129.2 15.5 (3.87-61.9) 0.98 (0.20-4.75) 

2DS5+/2DS2+ 32 6 245.9 24.4 (11.0-54.3) 1.33 (0.45-3.97) 

 

2DS5-/2DS3- 

 

74 

 

15 

 

575.3 

 

26.1 (15.7-43.2) 

 

Ref 

2DS5-/2DS3+ 22 10 156.5 63.9 (34.4-118.7) 2.77 (1.24-6.19) 

2DS5+/2DS3- 38 6 294.5 20.4 (9.15-45.3) 0.76 (0.30-1.97) 

2DS5+/2DS3+ 11 2 80.6 24.8 (6.21-99.2) 1.03 (0.24-4.54) 

      

Oncogenic HPV    
 

 

 

2DS5-/2DL2- 

 

52 

 

6 

 

398.5 

 

15.1 (6.76-33.5) 

 

Ref 

2DS5-/2DL2+ 42 16 303.4 52.7 (32.3-86.1) 3.69 (1.44-9.46) 

2DS5+/2DL2- 16 2 108.7 18.4 (4.60-73.6) 1.42 (0.28-7.14) 

2DS5+/2DL2+ 31 2 241.5 8.28 (2.07-33.1) 0.52 (0.11-2.59) 

 

2DS5-/2DS2- 

 

50 

 

6 

 

387.1 

 

15.5 (6.96-3.45) 

 

Ref 

2DS5-/2DS2+ 44 16 314.8 50.8 (31.1-83.0) 3.53 (1.38-9.05) 

2DS5+/2DS2- 16 2 117.5 17.0 (4.26-68.1) 1.23 (0.24-6.17) 

2DS5+/2DS2+ 31 2 232.7 8.59 (2.15-34.4) 0.54 (0.11-2.68) 

 

2DS5-/2DS3- 

 

72 

 

14 

 

557.0 

 

25.1 (14.9-42.4) 

 

Ref 

2DS5-/2DS3+ 22 8 144.9 55.2 (27.6-110.4) 2.35 (0.98-5.62) 

2DS5+/2DS3- 37 3 274.3 10.9 (3.53-33.9) 0.43 (0.12-1.49) 

2DS5+/2DS3+ 10 1 75.9 13.2 (1.86-93.5) 0.54 (0.07-4.17) 

 

Note: KIR2DS1+/KIR2DS5+/KIR3DS1+ = positive for at least one of the three genes
 

a
 OR = odds ratio, CI = confidence interval  
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Secondary Aim: Associations between KIR and HPV in Men 

A. Baseline Characteristics of men 

A total of 259 men from the HPV Infection in Men: A Prospective Cohort Study 

had samples available for KIR genotyping, and were included in the current analyses. 

Baseline demographic and behavioral characteristics of this sub-cohort are presented in 

Table 17. Mean age was 29.8 (SD: ±8.1) years. The majority of study participants were: 

white non-Hispanic, single, completed at least some college, and were circumcised. 

Approximately three fifths of men (59.0%) reported first sexual intercourse before the 

age of 18. Over two thirds of men (69.9%) reported five female sexual partners in their 

lifetime, with 36.3% of men reporting at least one new sexual partner in the past three 

months. Almost half of the men (42.4%) reported never using condoms during sexual 

intercourse. Over half of men (57.4%) reported as current or former smokers. HPV 

prevalence was 29.3% for any HPV, 15.4% for oncogenic types, and 13.9% for 

nononcogenic types. 
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Table 17: Baseline Characteristics of Genotyped Men’s Samples 

Baseline Characteristic Men
 

n=259  (%) 

Age  

Mean 29.8  ± 8.1 

18-20 31  (12.0) 

21-25 74  (28.6) 

26-30 42  (16.2) 

31-35 33 (12.7) 

36-40 43 (16.6) 

41-45 36 (13.9) 

  

Race  

White 217  (87.2) 

Black/African American 8  (3.2) 

Asian 3  (1.2) 

American Indian/Alaska Native 3  (1.2) 

Other 18  (7.2) 

  

Hispanic  

No 207  (80.5) 

Yes 50  (19.5) 

  

Education  

High school graduate or less 62  (23.9) 

Some college/vocational school 91  (35.1) 

College degree/graduate school 106  (40.9) 

  

Marital status  

Single/never married 165  (63.7) 

Married/cohabiting 62  (23.9) 

Divorced/separated/widowed 32  (12.4) 

  

Age at first intercourse  

≤15 70  (28.1) 

16-17 77  (30.9) 

18-19 67  (26.9) 

≥20 35  (14.1) 

  

Lifetime no. of female sex partners  

None 12  (4.7) 

1-4 65  (25.4) 

5-16 117   (45.7) 

≥17 62    (24.2) 

  

New sex partners (past 3 mo.)  

None 151  (63.7) 

≥1 86  (36.3) 

  

Frequency of condom use (past 3 mo.)  

Always 41  (20.9) 
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Frequently 37  (18.9) 

Sometimes 35   (17.9) 

Never 83    (42.4) 

Circumcision status  

No  32    (12.4) 

Yes 227    (87.6) 

  

Smoking history  

Never 83  (42.6) 

Former 49    (25.1) 

Current 63 (32.3) 

  

HPV infection status  

Any HPV  

Negative 183  (70.7) 

Positive 76  (29.3) 

  

Oncogenic HPV  

Negative 219 (84.6) 

Positive 40 (15.4) 

  

Nononcogenic  HPV  

Negative 223  (86.1) 

Positive 36 (13.9) 
a
 Samples with DNA available for KIR genotyping  
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B. KIR Gene Carrier Frequencies and HPV Prevalence, Incidence, and Clearance in Men 

KIR gene carrier frequencies and HPV prevalence by KIR genotype in men from 

the HPV Infection in Men: A Prospective Cohort Study are summarized in Table 18. All 

three framework genes (KIR2DL4, KIR3DL2, and KIR3DL3) were detected in all 

individuals as expected. KIR2DL1 was detected at the highest frequency with 96.9% of 

men with a positive genotype, and KIR2DS3 was detected at the lowest frequency 

(29.7%). KIR2DL3, KIR2DS4 (including the deletion variant), and KIR3DL1 were 

observed in at least 79.2% of men. The remaining KIRs were present at a frequency of 

52.5% or below (range: 30.5-52.5). Any HPV prevalence was the highest among 

KIR2DS5 positive individuals and lowest among KIR2DS3 individuals. Oncogenic HPV 

prevalence was also highest among KIR2DS5 positive individuals, whereas KIR2DS4 

positive individuals had the lowest oncogenic HPV prevalence. Nononcogenic HPV 

prevalence was highest among KIR2DL3 positive individuals and lowest among 

KIR2DS3 positive individuals (Table 18).  

No statistically significant associations between KIR gene positivity and HPV 

incidence in men were observed. However, a similar trend with KIR2DS5 was observed 

with Any HPV type and Nononcogenic HPV incidence (Figure 6). There was a decreased 

probability of incidence among KIR2DS5 positive women for Any HPV and 

Nononcogenic HPV types. Upon evaluation by Cox-proportional hazards regression, no 

KIRs were significantly associated with HPV incidence.  
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Table 18: HPV prevalence among KIR positive men 

Gene 

Carrier Frequency  

n (%) 

HPV Prevalence Among Gene Carriers 

n (%) 

  

Ntotal = 259 

 

Any HPV 

 

 

Oncogenic 

 

 

Nononcogenic 

 

 

Haplotype A 86 (33.2) 28 (32.6) 16 (18.6) 12 (14.0) 

 

KIR2DL1 251 (96.9) 75 (29.9) 39 (15.5) 36 (14.3) 

 

KIR2DL3 236 (91.1) 70 (29.7) 36 (15.3) 34 (14.4) 

 

KIR2DS4 245 (94.6) 70 (28.6) 36 (14.7) 34 (13.9) 

 

KIR2DS4del
a
 205 (79.2) 60 (29.3) 31 (15.1) 29 (14.1) 

 

KIR3DL1 244 (94.2) 70 (28.7) 36 (14.8) 34 (13.9) 

 

Haplotype B 173 (66.8) 48 (27.7) 24 (13.9) 24 (13.9) 

 

KIR2DL2 135 (52.1) 40 (29.6) 22 (16.3) 18 (13.3) 

 

KIR2DL5 128 (49.4) 35 (27.3) 19 (14.8) 16 (12.5) 

 

KIR2DS1 87 (33.6) 26 (29.9) 14 (16.1) 12 (13.8) 

 

KIR2DS2 136 (52.5) 39 (28.7) 21 (15.4) 18 (13.2) 

 

KIR2DS3 77 (29.7) 20 (26.0) 12 (15.6) 8 (10.4) 

 

KIR2DS5 79 (30.5) 24 (30.4) 13 (16.5) 11 (13.9) 

 

KIR3DS1 87 (33.6) 25 (28.7) 13 (14.9) 12 (13.8) 

KIR2DL4, KIR3DL2, KIR3DL3 are framework genes and are present in all individuals 
a
KIR2DS4 alleles 003-009 which possess a 22 base pair deletion in exon 5 
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Figure 6: Kaplan-Meier estimates of cumulative probability of incident infections in Men 

 

 

A lower cumulative probability of infection among men positive for KIR2DS5 was 

observed for any HPV and nononcogenic HPV types. Although, not statistically 

significant in men, this trend was consistent with that observed in women. 
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 Upon assessment of the effect of KIR gene positivity on HPV clearance in men, a 

statistically significant difference in clearance rates were observed with KIR2DS3 

positivity and clearance of any HPV and oncogenic HPV types (Figure 7). In addition, 

upon univariate analysis by Cox-proportional hazards analysis, KIR2DS3 was also 

statistically significantly associated with increased probability of any HPV clearance 

(HR: 1.91, 95% CI: 1.04-3.49), and marginally significantly associated with oncogenic 

HPV clearance (HR: 1.93; 95% CI: 0.97-3.83). 
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Figure 7: Kaplan-Meier survival estimates of HPV clearance among KIR2DS3 positive 

and negative men

 

 

Statistically significant difference in clearance rates were observed with KIR2DS3 

positivity and clearance of Any HPV and Oncogenic HPV types  
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DISCUSSION AND CONCLUSIONS 

The goal of this dissertation was to gain a better understanding of the role of host 

innate immunity in susceptibility to HPV infection by examining potential associations of 

genetic variability of natural killer cell immunoglobulin-like receptors (KIR) with HPV 

prevalence, incidence, clearance, and persistence. Additionally, HPV type-specific 

concordance among heterosexual couples engaging in sexual relationships was to 

demonstrate the complexity of HPV infection in men and women. A high degree of 

concordance of HPV infection in men and women was observed, however different type 

distributions were observed in the same men and women. To study the effect of genetic 

variability in the KIR locus, a multiplex PCR based assay was developed, validated, and 

applied to two prospective cohort studies that investigated HPV infection in men and 

women. A protective effect of the presence of KIR2DS5 against HPV prevalence in 

women was observed. Consistent with these findings the presence of KIR2DS5 was also 

protective against acquisition of HPV infection in men and women. An increased risk of 

acquisition of HPV infection in women possessing KIR2DL2, KIR2DS2, and KIR2DS3, 

was observed. Additionally an increased risk of acquisition of HPV infection among 

women that were classified as KIR haplotype B was also observed. No statistically 

significant associations with HPV clearance were observed in women however men 

positive for KIR2DS3 had a higher rate of HPV clearance. This study was unable to 

examine the effect of KIR genes on HPV persistence due to the limitation of sample size. 
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A. HPV Concordance in Men and Women 

The natural history of HPV in women and girls has been well characterized, and 

recently great strides have been made in understanding the natural history of infection in 

men and boys. However, there is a poor understanding of HPV transmission between 

partners engaging in sexual relationships. We report on the HPV type-specific 

concordance between sexual partners. 

 In this study of 29 couples, HPV prevalence for Any HPV type was comparable 

between women 86.2% (n=25) and men, 75.9% (n=22). In addition comparable numbers 

of men and women (11 and 10, respectively) were infected with multiple HPV types. The 

observed agreement of HPV infection between partners ranged from 69-82.8%. These 

findings are higher than recently reported studies (83, 143, 144) which report in the range 

of 37-68%. Additionally our results are consistent with another partner study of similar 

size (85) which reported anogenital type specific concordance of 68%. We also observed 

a high degree of type specific concordance between genital sites in women. Conversely, 

HPV type CP6108 had a high degree of discordance between male and female partners 

(Table 8). 

Presently, no prospective transmission studies large enough to estimate 

transmission rates have been completed. Studies designed to sample sexual partners at 

multiple time points will be beneficial in establishing the temporality of transmission 

events. Most previous studies aimed to gain a better understating of HPV transmission 

(including the current study) have been cross-sectional in nature (57, 72, 77, 145). 
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Longitudinal transmission studies will be necessary for understanding the natural history 

of HPV in sexual partners in that they will provide additional information on duration of 

infection, as well as transmission and acquisition of HPV between sexual partners 

In this study, fair to moderate agreement was observed when assessing 

concordance by HPV category. The highest agreement was observed with Any HPV 

category. Although these results are informative, due to the small sample size and the 

exploratory nature of this pilot study, results should be interpreted with caution, and 

should be used as hypothesis generating for future studies. These results must be 

validated in a larger study, which we demonstrate as methodologically feasible. 

In our current study less than half the couples exhibited perfect HPV type specific 

concordance. Over one-third of couples had complete discordance. The cross-sectional 

nature of the present work does not permit us to describe in detail the transmission events 

between couples. However, these results demonstrate the complexity of transmission 

dynamics in couples, as overall a high level of concordance was observed but some types 

exhibited a high degree of discordance among sexual partners, such as CP6108. Future 

work needs to focus on transmission over the course of time.  

B. Design and validation of a KIR genotyping assay 

A systematic approach utilizing KIR genotyping to study the genetic diversity of 

the locus was first published by Uhrberg et al. (128). Since then, major improvements 

have been made to KIR genotyping strategies. Most previous studies have utilized SSP-

PCR methods for genotyping the KIR locus (128, 129, 130, 131, 132, 133, 134, 135, 136) 
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due to its simplicity. However, they typically use large amounts of input DNA (100 ng up 

to 1 µg per reaction), and generate DNA fragments that can be as large as 2 kb in size. 

These conditions require high quality DNA samples, which are not always available from 

individuals of interest in gene association studies as they may not be able to provide an 

adequate sample for a complete typing profile.  

 Previously, a multiplex PCR assay was published (133) utilizing four multiplex 

PCR reactions to obtain a KIR genetic profile. This assay is effective in practice, however 

the primer sequences are not published. Additionally, the reported multiplex assay uses a 

total of 60 ng DNA input for a complete profile. Here we are able to accomplish the same 

with one-third of the total input DNA (20 ng total DNA for 4 multiplex PCR reactions).  

 Another multiplex PCR assay has been reported by Ashouri et al. (129) which 

utilizes a duplex PCR design amplifying 2 genes per reaction set. This assay is well 

designed, however it requires PCR amplification at four different temperature conditions 

making it difficult to employ with a small subset of samples. Our multiplex SSP-PCR 

assay utilizes the same PCR amplification conditions to generate PCR amplicons in all 

four multiplex groups, which is ideal for both a small set of samples and in the high 

throughput setting.  

 Most recently Kulkarni et al. (137) described the use of a multiplex SSP-PCR 

assay for the analysis of the KIR locus. However, much like previously published studies, 

this assay requires the use of high quality DNA and a substantial amount of DNA input 
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(150-200 ng) for a complete KIR typing in 12 reaction wells. This assay also amplifies 

shorter PCR amplicons ranging in size from 89-800 bp. 

Our multiplex SSP-PCR assay generates amplicons ranging in size from 80-565 

bp, with the vast majority of the amplicons under 205 bp in size (Figure 4). This is 

important when amplifying samples in which DNA may be degraded or not of the highest 

quality. There is also a minimum difference in amplicon size within multiplex groups at 

15 bp to obtain enough resolution to visualize by standard gel electrophoresis.  

This assay has several advantages in comparison to existing methodology. First, 

we use a minimal amount of DNA for a complete KIR typing profile. This becomes an 

important issue in disease association studies, as individuals in these studies may not be 

able to provide a large sample for DNA isolation or the amount of DNA available is 

limited. We were able to successfully amplify products with 1 ng DNA input, however 5 

ng was the optimal concentration. Second, we amplify samples that are smaller in size 

than some of the previously published studies. Additionally, this methodology can be 

employed without the acquisition of any major specialized equipment. It utilizes the 

simplicity of PCR that can be carried out in a laboratory capable of molecular biological 

methods. Since all reactions are run under the same thermocycling conditions, it is 

possible to genotype twenty four samples with all four multiplex groups on a 96 well 

plate. In addition, this assay is simple enough for basic agarose gel electrophoresis 

analysis. It is flexible for both large scale, and small scale genetic analysis studies. This 
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application will be advantageous in a high throughput setting where rapid typing may be 

necessary in population based studies.  

We report on a validated multiplex SSP-PCR assay for efficient genotyping of the 

KIR locus. This assay utilizes four multiplex reactions to type 14 genes on the KIR locus 

including variants of KIR2DS4 which possess a 22 base pair deletion in exon 5. 

Additionally, each reaction uses a total of 5 ng input DNA, requiring only 20 ng total 

DNA for a complete KIR profile. This is important for typing of samples that have been 

obtained from individuals that may have a low white blood cell count, or from which a 

minimal sample of blood is available for DNA extraction.  

C. Effects of KIR genotype and haplotype on HPV prevalence and incidence in women 

We observed significant effects of individual KIR genotypes and the activating 

KIR haplotype B on the risk of acquiring HPV infection. KIR2DL2 (HR: 2.11, 95% CI: 

1.0-4.44), KIR2DS2 (HR: 2.44, 95% CI: 1.13-5.24), KIR2DS3 (HR: 2.36, 95% CI: 1.16-

4.81), and KIR Haplotype B (HR: 2.48, 95% CI: 1.02-6.02) were all significantly 

associated with an increased risk for acquisition of any HPV infection. Although not 

statistically significant, the same trend among these genes and Haplotype B was observed 

with oncogenic HPV. A protective effect among KIR2DS5 positive women was observed 

against HPV prevalence with any HPV (OR: 0.63, 95% CI: 0.36-1.07) and oncogenic 

HPV types (OR: 0.56, 95% CI: 0.31-0.99, Table 3). In addition the incidence rates for 

any HPV and oncogenic HPV were decreased among KIR2DS5 positive women, with a 

decreased risk for acquisition of any HPV (HR: 0.61, 95% CI: 0.27-1.35) and oncogenic 
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HPV (HR: 0.36, 95% CI: 0.12-1.04). When assessing the joint effects of KIR2DS5 with 

the other KIR genes that increased the risk for HPV acquisition, risk was increased when 

KIR2DS5 was absent and KIR2DL2, KIR2DS2, or KIR2DS3 was present. When KIR2DS5 

was present (even in the presence of the other KIRs) no statistically significant changes in 

risk of HPV acquisition were observed for any HPV or oncogenic HPV. This suggests 

that the presence of KIR2DS5 alone is a true protective effect, as risk for HPV acquisition 

is highest in its absence.  

The role of KIR on response to viral infection has been previously described in 

several population based studies. The presence of the activating KIR3DS1 and HLA-Bw4 

alleles conferred protection against progression to AIDS in HIV infected individuals 

(146), and the presence of HLA-C alleles in combination with KIR2DL3 homozygosity 

was associated with spontaneous clearance of Hepatitis C viral infection (147). 

Additionally, KIR3DS1 was previously described as a risk factor for cervical cancer 

progression (3), and KIR3DL1 was associated with an increased risk of HPV related 

cervical intraepithelial neoplasia (CIN) (2). Previous studies investigating the effect of 

KIR on HPV related disease have focused on the latter stages of the HPV progression 

pathway. Here we focus on the role of KIR on initial HPV infection. Although we did not 

find any statistically significant associations with KIR3DS1 we do observe a heightened 

risk for acquiring incident HPV infection among women positive for several activating 

KIRs and the activating KIR Haplotype B. This is consistent with the findings that 

KIR3DS1 (an activating KIR and member of Haplotype B) heightens the risk for cervical 

cancer progression (3).  
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D. Comparison of results in men and women 

Although the same statistically significant associations with KIR gene positivity 

and HPV prevalence, incidence, and clearance were not observed in both men and 

women, we did observe the same trend of the effect of KIR2DS5 on HPV incidence in 

both men and women.  We describe a consistent decreased risk for HPV acquisition in 

KIR2DS5 positive women (Figure 5, Table 15) and in men (Figure 6, although not 

statistically significant). Additionally, we may not be observing the same effects of KIR 

genes on HPV incidence in men as HPV infection in men may be more transient in nature 

as compared to women. No significant associations were observed between KIR gene 

positivity and HPV clearance in women, however KIR2DS3 was significantly associated 

with HPV clearance in men (Figure 6). This observation may be due to the relative short 

duration of follow up in both studies.  

  

E. Potential limitations 

We did not detect any significant differences in HPV clearance rates among 

women positive for the same activating KIR genotypes and Haplotype B. These results 

may be due to the limitation of our short duration of follow up (median follow-up time: 

9.04 months), which does not allow us to adequately assess HPV clearance. Another 

potential limitation to assessing clearance may be due to a relatively small sample size. 

Because of our sample size limitation, we are also unable to assess HPV type specific 

incidence and clearance rates. Finally, we were unable to assess the effect of KIR gene 
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positivity on HPV persistence in either study, as the number of persistent infections was a 

limiting factor. 

 

 Another potential limiting factor results from the assumptions necessary in the 

definition of HPV incidence and clearance. As interval censoring is used to determine 

time to incidence and clearance in men and women, the assumption is made that the event 

occurred at the specified time point of the visit (time of sampling). For example, HPV 

may have been detected as incident at the first visit after baseline however there is no 

way to truly determine ―time to infection‖ as the infection may have occurred at any 

point in the interval between the baseline visit and the visit where HPV was detected. The 

limitations of interval censoring must be kept in mind when analyzing results.  

 

F. Conclusions 

It is important to test the associations with KIR genotype and/or haplotypes at 

each stage of the progression from HPV infection to cervical cancer. While published 

studies have focused on the latter stages of the HPV progression pathway (2, 3), we focus 

on prevalence, incidence, and clearance of HPV infection. We describe a consistent 

protective effect of KIR2DS5 on HPV prevalence and a decreased risk for HPV 

acquisition in KIR2DS5 positive women. We also demonstrate a significant increased risk 

of acquiring incident HPV infection among activating KIR genes that are members of 

KIR haplotype B. Additionally we describe a true protective effect of KIR2DS5, as 

individuals lacking the gene in the presence of other KIRs associated with an increased 
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risk of HPV acquisition are at the highest risk for any HPV and oncogenic HPV 

acquisition (Table 15). These results suggest a significant role of activating KIRs on the 

initial stages of HPV infection, which is consistent with the role of KIR3DS1 at the later 

stages of the pathway. Although we were limited by sample size and a relatively short 

duration of follow up, this provides valuable information for future studies. In moving 

forward, these results should be replicated in a larger study with a longer duration of 

follow up to further validate these findings. This will also allow for the investigation of 

the effects of KIR gene status on HPV type specific incidence and clearance.  

This dissertation research provides valuable insight into understanding HPV 

infection dynamics through the assessment HPV type concordance in sexual partners. 

Additionally, through the development of an assay for KIR genotyping, we were able to 

identify associations with KIR gene positivity and HPV prevalence, incidence, and 

clearance in men and women. Although we were limited by sample size and a relatively 

short duration of follow up, this provides valuable information for futures studies. In 

moving forward, these results should be replicated in a larger study with a longer 

duration of follow up time in both men and women to further validate these findings. This 

will also allow for the investigation of the effects of KIR status on type specific incidence 

and clearance, as we are under powered to do so in this study. Additionally, in order to 

assess HPV persistence, studies need to be designed selecting cases with persistent HPV 

infections, comparing them to controls without persistent HPV infections. Studies of this 

nature will be very informative in understanding the effect of KIR gene positivity on 

HPV persistence. 
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Finally, the joint effects of additional genes in the immunological response to 

HPV infection merits further investigation. As noted in Table 3, joint effects of KIR and 

members of the HLA family of genes have also been under investigation. As 

demonstrated by the joint effects of KIR2DS1, KIR2DS5, and KIR3DS1, in women, it is 

biologically plausible to hypothesize that members of other immune response genes 

(particularly HLA) may contribute to susceptibility to HPV and other viral infections, in 

combination with KIR.  
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Précis: 

 

This cross-sectional study reports on the HPV concordance in heterosexual couples and 

outlines the complexity of HPV transmission dynamics.



 

132 

 

Abstract 

 

Objective: To gain a better understanding of Human papillomavirus (HPV) transmission 

dynamics between sexual partners, HPV type specific concordance was investigated.  

Methods: Twenty-nine couples were enrolled in a cross-sectional study. Samples were 

collected at the glans penis, penile shaft, and scrotum in men and at the endo/ecto cervix 

and labia/vulva, and perineum in women. Samples were analyzed for the presence of 

HPV DNA first by PCR, then genotyped using the reverse line blot method.  

Results: HPV prevalence for Any HPV type was 75.9% among men and 86.2% among 

women. Eleven men and ten women were infected with multiple HPV types. At least 

partial type-specific concordance was observed in 66% of the couples. Forty-one percent 

of the couples had perfect concordance. In eleven couples, complete discordance was 

observed.  

Conclusions: These results provide valuable information about HPV type specific 

concordance and demonstrate the complexity of transmission dynamics in heterosexual 

couples.  

 

Keywords: HPV, partners, type concordance 
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Introduction 

Human papillomavirus (HPV) is one of the most commonly occurring sexually 

transmitted infections among sexually active people in the United States (1) with an 

estimated 6.2 million Americans acquiring incident HPV infections annually (2). 

Infection with HPV has been strongly linked to cancers of the anogenital tract including 

anal and penile cancers in men, cervical cancer in women, and their precursor lesions (3). 

In addition HPV causes anogenital warts in both men and women (4). Invasive cervical 

cancer in women is the most commonly occurring cancer caused by HPV and is 

estimated to account for approximately 12% of all cancers worldwide (5). In the U.S., the 

reported prevalence of HPV infection among women ranges from 14% to more than 90% 

(6) and in men HPV prevalence estimates are as high as 73% (2, 7).   

Although women bear the greatest burden of HPV-related diseases, including 

cancer, men play an important role in cervical cancer risk (8-10), acting as vectors for 

HPV transmission. Several studies have investigated HPV infection within couples 

engaging in sexual relationships. They have evaluated HPV type specific concordance 

(11-17) and transmission (18-20) between sexual partners, with most using cross-

sectional study designs. While these studies are generally small they provide insight into 

the transmission dynamics of HPV between men and women, however, inconsistencies in 

study methods make it difficult to interpret results. 

To gain a better understanding of HPV transmission and epidemiology in sexual 

partners and to explore the feasibility of a partners study, we examined HPV type 

distribution in heterosexual couples in Tucson, Arizona. This study adds to the growing 



 

134 

 

body of knowledge in understanding HPV transmission in couples engaging in sexual 

relationships. Samples for HPV detection were collected at multiple genital sites in 

women and men to assess concordance of HPV infection. We report on the HPV type-

specific concordance between sexual partners based on clinician-collected sampling of 

both sexual partners.  

 

Methods 

Study Design 

A cross-sectional study was conducted in Tucson, Arizona, from 2006 to 2007. 

Study participants were recruited by direct mailings, posters, and fliers placed on 

university campuses. Couples attended a concurrent study visit where each partner was 

examined for genital lesions or warts, had samples collected for HPV testing, and 

completed a sexual behavior and risk factor questionnaire. Whole blood, plasma, and 

serum were also collected and archived.  

 

Study population 

 Participants were eligible if they (1) self-identified as being in a long-term (>9 

month) sexual relationship with their current partner, (2) were 18 years of age or older, 

and (3) had no prior diagnosis of genital warts. Additional requirements for female 

participants included (1) no prior participation in an HPV vaccine trial, (2) not currently 

pregnant, and (3) having an intact cervix. Men and women consented to participation in 
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the study using forms and protocols approved by the Institutional Review Board of the 

University of Arizona. 

 

Specimen collection 

 At the clinical visit, women provided a urine sample and a QuickVue hCG-urine 

pregnancy test was performed. A gynecological exam (external exam, speculum exam, 

and bi-manual exam) was conducted and a ThinPrep pap test was completed. Cells were 

collected from the endo-ecto cervix using a saline prewetted Dacron swab which was 

stored in 1 ml of specimen transport medium (STM, Digene). An additional sample of 

exfoliated epithelial cells was collected from the labia, vulva, and perianal area using a 

separate saline wetted Dacron swab and stored in a separate vial of STM (1 ml). If warts 

or lesions were present, they were sampled with a saline prewetted Dacron swab before 

other samples were collected and stored in 450 µl of STM.  

 For men, a clinician used a saline prewetted Dacron swab and swept it 360 

degrees around the glans penis and then 360 degrees around the coronal sulcus. A second 

swab was used to sample all four quadrants of the penile shaft, and a third swab was used 

to sample the entire surface of the scrotum. Each sample was stored independently in 420 

µl of STM. As with sampling in women, if warts or lesions were present, these were 

swabbed prior to genital site sampling. All samples were stored at -70°C until PCR 

analysis was performed.  

 

HPV detection 
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HPV testing of swabbed cellular material was conducted using polymerase chain reaction 

(PCR) for amplification of a fragment of the L1 gene. DNA extraction was performed 

using the QIAamp Mini Kit (QIAGEN, Valencia, CA) according to the instructions of the 

manufacturer. Briefly, 200µl aliquots were digested with 20µl proteinase K for 1 hr at 65˚ 

C, followed by 200 µl of lysis buffer. DNA was eluted with 50µl of 10 mM Tris-EDTA 

buffer, pH 7.5 at 60˚C. DNA was stored at –20˚ C until use. Before DNA extraction, all 

three samples from male anatomical sites were combined to produce 1 DNA extract per 

male participant. Women’s samples were analyzed separately. 

 Specimens were tested for the presence of HPV by amplifying 5µl of the DNA 

extracts with the PGMY09/11 L1 consensus primer system and AmpliTaq Gold 

polymerase (Perkin-Elmer, Foster City, CA).  Each 50 µl amplification contained 1X 

PCR Buffer II; 2.5 mM MgCl2; 200µM (each) dCTP, dGTP, and dATP; 600µM dUTP; 

7.5 U of AmplTaq Gold; 1µM of PGMY09; 1µM PGMY11; 2.5 nM of B_PC04; 2.5 nM 

of B_GH20; and 5µl of the template.  For eventual inclusion of uracil-N-glycosylase to 

prevent product carryover, dTTP was replaced with dUTP.  To determine specimen 

adequacy, the GH20/PC04 human β-globin target was co-amplified using the B_PCO4 

and B_GH20 primers along with HPV consensus primer amplification.  For every PCR 

plate a negative control (H2O) and a positive control (CaSki Cells) were run to control 

for possible contamination and accuracy.  The samples were amplified using Perkin-

Elmer GeneAmp PCR System 9700.  The following amplification profile was used: 95˚ C 

hotstart for 9 minutes, 95˚ C denaturation for 1 minute, 55˚ C annealing for 1 minute, and 
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72˚ C extension for 1 minute for 40 cycles; followed by a 5 minute terminal extension at 

72˚ C; and a hold step at 4˚ C. 

 HPV genotyping was conducted using the reverse line blot method on all samples, 

regardless of HPV PCR result. This detection method utilizes the HPV L1 consensus 

PCR products labeled with biotin to detect 37 HPV types. The HPV genotype strip 

contained 39 probe lines, detecting 37 individual HPV genotypes and two 

concentrations—high and low—of the β-globin control probe (Roche Molecular 

Diagnostics, Alameda, CA). The following types are detected: 6, 11, 16, 18, 26, 31, 33, 

35, 39, 40, 42, 45, 51 to 56, 58, 59, 61, 62, 64, 66, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 

84, IS39, and CP6108. The PCR products labeled with biotin were denatured and added 

to the probe strip in a hybridization buffer. After strips were washed, a streptavidin-

horseradish peroxidase conjugate was added to facilitate detection of the various HPV 

types. After the final wash, buffer was removed by vacuum aspiration, and strips were 

rinsed in 0.1 M sodium citrate. Color development was activated by incubation in a 

mixture of hydrogen peroxide in sodium citrate buffer and tetramethylbenzidine in 

dimethylformamide for 5 minutes on a rotating platform (70 RPM). Strip interpretation 

was performed with a labeled overlay, with lines indicating the position of each probe 

relative to the reference mark. 

 

Outcome measures 

 HPV prevalence and concordance between partners was calculated for 37 HPV 

genotypes and four HPV categories: Any HPV, Oncogenic HPV, Nononcogenic HPV, 
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and Multiple-type HPV. Any HPV was defined as testing positive by PCR or positive for 

at least one of the 37 HPV types. Oncogenic HPV types were defined as types 16, 18, 31, 

33, 35, 39, 45, 51, 52, 56, 58, 59, and 66. (21) Nononcogenic types were any of the 

remaining HPV types. Multiple-type HPV infection was defined as testing positive for at 

least two of the 37 HPV types. Type-specific concordance was defined as a positive 

result with the same HPV type(s), or HPV category, in both sexual partners. Discordance 

was defined as a negative result for a specific HPV type, or HPV category, in one partner 

and a positive result for the same HPV type in the other sexual partner.  

 

Statistical Analysis 

 HPV type concordance was determined by: 1) estimating concordance (percent 

agreement) of HPV positivity or negativity, and 2) calculating Cohen’s kappa (κ) statistic 

and corresponding 95% confidence interval (CI). Interpretation of κ was based on 

guidelines by Landis and Koch (22) where a κ statistic of <0 suggests poor agreement, 0 

to 0.20 slight, 0.21 to 0.40 fair, 0.41 to 0.60 moderate, 0.61 to 0.80 substantial and 0.80 to 

<1.00 almost perfect, 1.00 perfect agreement. All statistical analyses were performed 

using Intercooled Stata 9.2 (StataCorp, College Station, TX).   

 

Results 

 Table 1 summarizes characteristics collected from the questionnaires of the 

individuals included in the study. Mean age for men was 30.5 years (range 19.1-42.6 

years) and 28.2 years (range 19.4-44.5 years) for women. Most participants self reported 
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as white, non-Hispanic, and had completed at least some college. Almost half of the men 

(48%) and over one third or women were (37.9%) were single/never married. Median 

number of lifetime sexual partners for men was 9 (SD: 19.6) compared to 2.5 (SD: 18) 

for women. Three men (11.1%) and two women (6.9%) reported sex with someone other 

than a steady partner in the three months leading up to their visit. Twenty-five (25%) of 

men and 41.4% of women reported having been ever diagnosed with a sexually 

transmitted disease. Thirty-eight percent (38%) of men and 41% of women reported 

using condoms at least half the time during vaginal sex in the previous three months 

leading up to their clinic visit, while 39% of men and 38% of women reported using a 

condom at their most recent vaginal intercourse. For self-reported duration of the sexual 

relationship nine men and nine women (31.0%) reported less than 12 months, three men 

(10.7%) and two women (6.9%) reported a duration of 12-24 months, three men (10.7%) 

and five women (17.2%) reported 24-36 months, and 13 men and 13 women (44.8% 

each) reported a duration of >36 months. Four men (13.8%) and eight women (27.6%) 

reported engaging in vaginal sex less than 24 hours leading up to the clinical visit at 

which samples were collected for HPV testing. Seven men (24.1%) and eight women 

(27.6%) reported engaging in vaginal sex 24-48 hours prior to the clinical visit. The 

remainder of men (n=18, 62.1%) and women (n=13, 44.8%) reported engaging in vaginal 

sex >36 hours prior to the clinic visit.  

Table 2 summarizes the HPV type distribution among men and women in the 

current study. All samples tested positive for the human β-globin target. HPV prevalence 

for Any HPV type was 75.9% (n=22) among men and 86.2% (n=25) among women. 
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Eleven men (37.9%) and ten women (34.5%) had multiple HPV type infection. Of the ten 

women, seven had multiple types detected at the endo/ecto cervix and eight women had 

multiple types detected at the external genital sites. Nine men (31.0%) and eleven women 

(37.9%) presented with oncogenic type infections. In men, the most prevalent HPV types 

were HPV types 62 and CP6108 with seven men infected with each, while HPV type 53 

was the most prevalent single type in women. HPV types 16, 18, 31, 35, 54, 56, and 67 

were detected only in women, while types 51, 55, 66, and 70 were detected only in men.  

At least partial concordance, where at least one of the HPV types detected in the couple 

was present in both members, was observed in 66% (19/29) of the couples (Table 3). 

Forty-one percent (12/29) of the couples had perfect concordance where the same HPV 

types were detected in both partners. Of the couples with perfect type-specific 

concordance, 10 out of 12 (83%) were a result of both partners testing negative for HPV. 

In eleven couples (38%), complete discordance was observed where one or more HPV 

types were detected in one partner but not in the other partner. Among women, only three 

had the same types detected at both anatomical sites. High risk types 16, 18, 31, 35, and 

56 were only detected in women; high risk types 51 and 66 only detected in men. Of the 

12 couples infected with oncogenic types, only one displayed oncogenic type-specific 

concordance with HPV 59. Among total type specific infections detected 28.5% (10/35) 

in men and 38.1% (16/42) in women were oncogenic types.  

Table 4 estimates the concordance of HPV infection regardless of genital site 

sampled between partners for each of the four HPV categories: Any HPV, Oncogenic 

HPV, Nononcogenic HPV, and Mutiple-type HPV. Concordance was highest for Any 
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HPV with 82.8% of couples concordant. All other categories exhibited concordance at 

69.0%. Kappa (κ) statistics were highest for Any HPV type where moderate agreement 

was observed between partners, with a κ of 0.45 (95% CI: 0.05-0.75). Fair agreement was 

observed with all other HPV categories, with nononcogenic HPV the second highest 

(κ=0.39, 95% CI: 0.01-0.65), followed by Multiple-type HPV (κ=0.33, 95% CI: -0.03-

0.63), and Oncogenic HPV exhibiting the lowest agreement (κ=0.25, 95% CI: -0.09-

0.58). 

 

Discussion 

 The natural history of HPV in women and girls has been well characterized, and 

recently great strides have been made in understanding the natural history of infection in 

men and boys. However, there is a poor understanding of HPV transmission between 

partners engaging in sexual relationships. We report on the HPV type-specific 

concordance between sexual partners. 

 In this study of 29 couples, HPV prevalence for Any HPV type was comparable 

between women 86.2% (n=25) and men, 75.9% (n=22). In addition comparable numbers 

of men and women (11 and 10, respectively) were infected with multiple HPV types. The 

observed agreement of HPV infection between partners ranged from 69-82.8%. These 

findings are higher than recently reported studies (23-25) which report in the range of 37-

68%. Additionally our results are consistent with another partner study of similar size 

(26) which reported anogenital type specific concordance of 68%. We also observed a 

high degree of type specific concordance between genital sites in women. Conversely, 
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HPV type CP6108 had a high degree of discordance between male and female partners 

(Table 3). 

Presently, no prospective transmission studies large enough to estimate 

transmission rates have been completed. Studies designed to sample sexual partners at 

multiple time points will be beneficial in establishing the temporality of transmission 

events. Most previous studies aimed to gain a better understating of HPV transmission 

(including the current study) have been cross-sectional in nature (11, 13, 16, 27). 

Longitudinal transmission studies will be necessary for understanding the natural history 

of HPV in sexual partners in that they will provide additional information on duration of 

infection, as well as transmission and acquisition of HPV between sexual partners 

In this study, fair to moderate agreement was observed when assessing 

concordance by HPV category. The highest agreement was observed with Any HPV 

category. Although these results are informative, due to the small sample size and the 

exploratory nature of this pilot study, results should be interpreted with caution, and 

should be used as hypothesis generating for future studies. These results must be 

validated in a larger study, which we demonstrate as methodologically feasible. 

In our current study less than half the couples exhibited perfect HPV type specific 

concordance. Over one-third of couples had complete discordance. The cross-sectional 

nature of the present work does not permit us to describe in detail the transmission events 

between couples. However, these results demonstrate the complexity of transmission 

dynamics in couples, as overall a high level of concordance was observed but some types 
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exhibited a high degree of discordance among sexual partners, such as CP6108. Future 

work needs to focus on transmission over the course of time.  
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Table 1: Demographic Characteristics of Study Participants 

 

Characteristics Men: n (%)
a 

Women: n (%)
a
 

Age   

     Mean 30.5 28.2 

     18-24 6 (24) 12 (41.3) 

     25-29 6 (24) 5 (17.2) 

     30-34 5 (20) 7 (24.1) 

     35+ 8 (32) 5 (17.2) 

Race   

     White 19 (65.5) 17 (58.6) 

     Other
b 

6 (20.7) 11 (37.9) 

     Refuse 

 

4 (13.8) 1 (3.4) 

Hispanic   

     Yes 6 (20.7) 9 (31) 

     No 23 (79.3) 20 (69) 

Education   

     At least 12 years 5 (17.2) 5 (17.2) 

     13-16 years 12 (41.4) 12 (41.4) 

     17+ years 12 (41.4) 12 (41.4) 

Marital Status   

     Single, Never married 14 (48.3) 11 (37.9) 

     Married 9 (31) 9 (31) 

     Cohabiting 4 (13.8) 6 (20.7) 

     Divorced, separated 2 (6.9) 3 (10.3) 

Sexual partners (lifetime)   

     Median 9  2.5 

     1-5 11 (37.9) 19 (65.5) 

     6-10 6 (20.7) 5 (17.2) 

     11+ 12 (41.4) 4 (13.8) 

 

Sex with someone other than steady partner 

(past 3 months)
c 

  

     Yes 3 (11.1) 2 (6.9) 

     No 24 (88.9) 27 (93.1) 
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Table 1 (Continued): Demographic Characteristics of Study Participants 

 

Physician Diagnosed STD (ever)   

     Yes 7 (25) 12 (41.4) 

     No 14 (50) 17 (51.6) 

     Don’t know 7 (25) - 

Frequency of Condom Use (past 3 months)
c 

  

     Always 5 (17.2) 4 (13.8) 

     ≥ Half the time 6 (20.7) 8 (27.6) 

     < Half the time 5 (17.2) 6 (20.7) 

     Never 13 (44.8) 11 (37.9) 

Condom use at last vaginal sex   

     Yes 11 (39.3) 11 (37.9) 

     No 16 (57.1) 18 (62.1) 

     Don’t remember 1 (3.4) - 

   

Duration of sexual relationship (months)   

     ≤12 9 (32.1) 9 (31) 

     12-24 3 (10.7) 2 (6.9) 

     24-36 3 (10.7) 5 (17.2) 

     >36 13 (46.4) 13 (44.8) 

   

Time since last vaginal intercourse (hours)   

     ≤24 4 (13.8) 8 (27.6) 

     24-48 7 (24.1) 8 (27.6) 

     >48 18 (62.1) 13 (44.8) 
a
 Numbers may not add up to 29 due to refusals  

b
 Other: Black/African American, Asian, Native Hawaiian/Pacific Islander, American 

Indian/Alaska Native 
c
 Three months prior to visit 
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Table 2: HPV Type Distribution in Sexual Partners  

 

 Men: n(%)
a
 Women: n(%)

a
 By Site

b
 

HPV Type   EE n(%)
a
 LVP n(%)

a
 

 

Negative 

 

7 (24.1) 

 

4 (13.8) 

 

7 (24.1) 

 

14 (48.3) 

     

Any HPV 22 (75.9) 25 (86.2) 22 (75.9) 15 (51.7) 

     

Oncogenic
c 

9 (31.0) 8 (27.6) 4 (13.8) 7 (24.1) 

16
 

0 2 1 2 

18
 

0 1 0 1 

31
 

0 1 0 1 

35
 

0 1 1 1 

39 1 3 2 2 

51
 

3 0 0 0 

52 3 1 1 0 

56
 

0 2 1 2 

59 2 1 0 1 

66
 

1 0 0 0 

     

Non-Oncogenic 16 (55.2) 11 (37.9) 9 (31.0) 10 (34.5) 

6 1 1 1 1 

11 1 1 1 1 

53 4 4 4 4 

54
 

0 1 1 0 

55
 

1 0 0 0 

62 7 3 2 2 

67
 

0 1 0 1 

70
 

1 0 0 0 

83 1 1 1 1 

84 2 2 2 2 

CP6108 7 1 1 1 

     

Multiple types 11 (37.9) 10 (34.5) 7 (24.1) 8 (27.6) 
a 
Numbers are individuals with type specific infections (total n=29) 

b 
Women were sampled at two anatomical sites (EE: endo/ecto cervix, LVP: labia, vulva, 

perineum)  
c 
Oncogenic HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 66 
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Table 3: Type specific concordance between men and women 

 

 Men Women
a  

Couple HPV Type
b
 HPV Type

b
 (LVP) HPV Type

b
 (EE) Concordance

c 

1 11, 53, 59 11, 53, 59 11, 53 100 

2 53,CP6108 53,CP6108 53, CP6108 100 

3 0 0 0 100 

4 0 0 0 100 

5 0 0 0 100 

6 0 0 0 100 

7 0 0 0 100 

8 0 0 0 100 

9 0 0 0 100 

10 0 0 0 100 

11 0 0 0 100 

12 0 0 0 100 

13 51, 53, 62 53, 62 53, 62 67 

14 62, CP6108 62 0 50 

15 83 83 39, 83 50 

16 39, 52, 62 0 62 33 

17 59, 84 16, 84 84 33 

18 53 35, 53 35, 52, 53 33 

19 6, 51 6, 39, 56 6, 39, 56 25 

20 5, 55, 84, CP6108 0 0 0 

21 52, 70, CP6108 0 0 0 

22 62, CP6108 18, 39, 56 0 0 

23 62, CP6108 0 0 0 

24 66 16, 67 16 0 

25 CP6108 0 0 0 

26 62 31 0 0 

27 52 0 0 0 

28 62 0 0 0 

29 0 84 54, 84 0 

Oncogenic HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 66
 

a
 Women were sampled at two different anatomical sites (EE: endo/ecto cervix, LVP: 

labia, vulva, perineum) 
b
 Discordant HPV types between partners are in bold  

c
Type concordance regardless of genital site sampled in women calculated based on types 

detected between partners (percent) 
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Table 4: HPV concordance between men and women by type category  

 

 

HPV Type 

 

Concordance (%) 

 

Kappa (95% CI) 

 

Interpretation
a 

 

Any HPV 

 

 

82.8 

 

0.45 (0.05-0.75) 

 

Moderate 

Oncogenic HPV 

 

69.0 0.25 (-0.09-0.58) Fair 

Nononcogenic HPV 

 

69.0 0.39 (0.01-0.65) Fair 

Multiple Type HPV 

 

69.0 0.33 (-0.03-0.62) Fair 

a 
Guidelines by Landis and Koch (22) 

 



 

153 

 

APPENDIX B: DESIGN AND VALIDATION OF A MULTIPLEX SSP-PCR ASSAY 
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Abstract: 

Current methodologies for the analysis of the KIR locus utilize SSP-PCR require 

a wide range of DNA input, multiple reaction conditions and up to 16 individual 

reactions. We have developed and validated a multiplex SSP-PCR method for the genetic 

analysis of the KIR locus. Design and optimization of four multiplex groups targeting 14 

genes and their alleles on the KIR locus has been completed.  Each multiplex group 

contains PCR products that differ in size by a minimum of 15 base pairs to allow 

sufficient fragment length resolution for size discrimination by gel electrophoresis. This 

assay allows for efficient genotyping of the KIR locus while requiring a minimum 

amount of DNA input, utilizing the simplicity of SSP-PCR.  
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Natural killer (NK) cells play a key role in the innate immune response to 

pathogenic invasion. They are responsible for detection and elimination of virally 

infected cells and tumor cells (1). NK cells carry out their effector function through the 

interaction of cell surface receptors with target cells, i.e. a tumor cell or virally infected 

cells. NK cells possess killer cell immunoglobulin like receptors (KIR) that interact with 

Human leukocyte antigen (HLA) class I molecules (2). This receptor-ligand interaction 

modulates the degree of NK cell activity on the target cell.  

The KIR gene locus is polymorphic, and allelic content varies within each gene. 

In addition, the number and type of KIR genes possessed by individuals may be classified 

into two haplotypes (A and B) which are also highly variable in their gene content (3, 4). 

The most notable distinction between haplotypes is based on the presence or absence of 

various activating genes (3, 5, 6). KIR haplotype A includes two activating genes (2DL4 

and 2DS4) and five inhibitory genes (2DL1, 2DL3, 3DL1, 3DL2, and 3DL3). Haplotype 

B encompasses all other combinations of genes, and is considered to be more activating 

(5)..   

Given their major influence on NK cell activity, the role of KIRs is being 

evaluated on a wide range of disease outcomes, which include viral infection, 

autoimmunity, cancer, and birth related outcomes such as spontaneous abortion and 

preeclampsia (5, 7). In addition, the importance of KIR and KIR ligands has been 

evaluated in hematopoietic stem cell transplantation (8-11) and leukemia survival 

(12).With a growing interest in the effect of KIR on various diseases and transplantation 

outcomes the importance of efficient KIR genotyping methods also increases. 
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Previous studies have used sequence specific primer directed polymerase chain 

reaction (SSP-PCR) approaches for genetic analysis of the KIR locus. However these 

approaches require a minimum of 16 individual reactions for complete analysis of the 

KIR locus. Amplicon fragment sizes can be up to 2 kilobases (kb) in length (13, 14), and 

large DNA input quantities are required (13-21). These drawbacks make KIR genotyping 

impractical for a large sample set, or for samples in which a limited amount of DNA is 

available for typing. Here we describe the design and validation of a multiplex SSP-PCR 

assay that efficiently genotypes the KIR locus with minimal labor, reagents, and DNA 

use.  

Sequence specific primers were designed based on the  alignment data provided 

by the Immuno Polymorphism Database (IPD)-KIR Database Release 1.4.0 (22).  

Primers were designed recognizing a conserved polymorphism unique for each KIR gene. 

Thirty-one primers were designed to amplify 14 genes on the KIR locus, excluding 

pseudogenes KIR2DP1 and KIR3DP1. Four multiplex groups were designed as follows: 

Group 1: KIR3DL3, KIR2DS4del, KIR2DL1, KIR2DS4; Group 2: KIR2DL3, KIR2DL5, 

KIR2DL2, KIR2DL4; Group 3: KIR3DL2, KIR2DS2, KIR2DS5, KIR3DS1; and Group 

4: KIR3DL1, KIR2DS3, KIR2DS1. Primers were synthesized by the Midland Certified 

Reagent Company (Midland, TX) and Integrated DNA Technologies, Inc. (San Diego, 

CA).  

 For optimization of annealing temperatures, annealing temperature gradients were 

first performed with each gene individually and then with all genes in their respective 

multiplex reaction. All reactions were run on an Eppendorf Mastercycler® ep gradient 
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thermocycler.  To select optimum annealing temperatures, a temperature gradient was 

performed from 55°C-75°C using Roche Human Genomic DNA (Roche Applied 

Science, Indianapolis, IN) at a concentration of 10 ng per reaction, for each multiplex 

reaction independently. To determine the optimal quantity of DNA to add to each 

multiplex reaction, 1 ng, 5 ng, and 10 ng of DNA extracts and Roche Human Genomic 

DNA were tested to determine assay performance. : 

All PCR was performed using FastStart Taq DNA Polymerase (Roche Applied 

Science, Indianapolis, IN). Reaction volumes were 25 µl with final concentrations of 

reagents as follows: FastStart Taq DNA Polymerase (1U) and its PCR Buffer (1x), MgCl2 

(2 mM), dNTP mix (0.2 mM each), BSA (0.16 mg/ml), and primers (400 µM each). The 

thermocycling program consisted of an initial hotstart at 94°C for 4 minutes; followed by 

94ºC denaturation for 30 seconds, 68°C annealing for 30 seconds, and 72°C extension for 

30 seconds for 35 cycles; with a final extension at 72°C for 7 minutes; and a hold step at 

15°C. 

Five (5) µl of PCR product were mixed with 1 µl of EZ-Vision™ One DNA Dye 

(Amresco Inc., Solon, OH) and separated by electrophoresis on 3% Agarose SFR™ 

(Amresco Inc., Solon, OH) gels in 1x TBE for 45 minutes at 150 V. Gels were imaged 

and analyzed on a BioSpectrum
® 

AC Imaging System using VisionWorksLS Acquisition 

and Analysis software (UVP, Upland, CA). 

Ten DNA samples from healthy donors previously KIR genotyped using methods 

published by Martin and Carrington (23) were provided by the Laboratory of 

Experimental Immunology, National Cancer Institute, for validation of our multiplex 
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assay and were used as reference samples. For confirmation of KIR genotype of the 

validation set, reference samples were first genotyped using the commercially available 

Pel-Freez® KIR Genotyping SSP Kit (Pel-Freez/Dynal Biotech LLC, Brown Deer, WI). 

Upon confirmation of KIR genotype, reference samples were genotyped using our 

optimized multiplex SSP-PCR assay to determine agreement between provided genotype, 

our multiplex SSP-PCR KIR genotyping assay, and the genotype determined by the Pel-

Freez® KIR Genotyping SSP Kit.  Genotype concordance comparing results across all 

three platforms was calculated as a percentage with the number of discordant genes 

counted for each reference sample.  

 Optimized primers sets for 14 genes on the KIR locus are listed in Table 1. All 

PCR primers were placed in exons 4, 5, 7, and 8 with the majority of amplicons in exons 

4 and 5 (Figure 1). PCR products range in size from 80 bp to 565 bp. In addition, primers 

were developed for KIR2DS4 to capture alleles 003, 004, and 006-009 which possess a 

22 base pair deletion in exon 5 (KIR2DS4del). Primers for KIR2DS4 and KIR2DS4del 

are located in different exons and identify both gene variants independently (Figure 2). 

These primer sets solely determine the presence or absence of each variant and were not 

designed to determine heterozygosity and homozygosity of the variants. Both KIR2DL3 

and KIR2DS1 required the use of two reverse primers to account for polymorphisms at 

the priming site. KIR2DL3 reverse primer 1a captures alleles 001-006 and reverse primer 

1b captures allele 007. KIR2DS1 reverse primer 1a captures allele 001 and reverse primer 

1b captures alleles 002-004. KIR2DL1 and KIR2DS1 use a forward primer common to 
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both genes. An illustration of PCR amplicons is shown in Figure 3, with eight individual 

KIR typings and all amplicons represented.  

 Upon analysis of DNA input, 5 ng was selected to minimize DNA consumption 

while maintaining specificity. Multiplex PCR products amplified successfully at all three 

input levels (1, 5, and 10 ng). However, when using 1 ng of DNA it was not always 

possible to visualize amplicons by gel electrophoresis. Samples are shown at a 

concentration of 5 ng DNA input in Figure 3.  

 KIR genotype using a previously published method (23) of the ten reference 

samples are shown in Table 2. Concordance of genotype with the commercially available 

Pel-Freez® KIR Genotyping SSP Kit, and our multiplex SSP-PCR KIR genotyping assay 

are also reported. One-hundred percent concordance of genotypes was observed between 

all three genotyping methods. It is important to note that the multiplex SSP-PCR does not 

account for KIR2DS4 and KIR2DS4del variant homozygosity and heterozygosity.  

KIR2DS4 and KIR2DS4del variant are typed independently (Figure 2). KIR2DS4 and 

KIR2DS4del variant are both typed negative if both variants are absent (samples 5 and 

10). KIRDS4 and KIR2DS4del are positive if the deletion variant is present (samples 1, 

2, 4, 6, and 7). KIR2DS4 is positive and KIR2DS4del is negative if the deletion variant is 

absent (samples 3, 8, and 9). 

 A systematic approach utilizing KIR genotyping to study the genetic diversity of 

the locus was first published by Uhrberg et al. (14). Since then, major improvements 

have been made to KIR genotyping strategies. Most previous studies have utilized SSP-

PCR methods for genotyping the KIR locus (13-21) due to its simplicity. However, they 
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typically use large amounts of input DNA (100 ng up to 1 µg per reaction), and generate 

DNA fragments that can be as large as 2 kb in size. These conditions require high quality 

DNA samples, which are not always available from individuals of interest in gene 

association studies as they may not be able to provide an adequate sample for a complete 

typing profile.  

 Previously, a multiplex PCR assay was published (19) utilizing four multiplex 

PCR reactions to obtain a KIR genetic profile. This assay is effective in practice, however 

the primer sequences are not published. Additionally, the reported multiplex assay uses a 

total of 60 ng DNA input for a complete profile. Here we are able to accomplish the same 

with one-third of the total input DNA (20 ng total DNA for 4 multiplex PCR reactions).  

 Another multiplex PCR assay has been reported by Ashouri et al. (15) which 

utilizes a duplex PCR design amplifying 2 genes per reaction set. This assay is well 

designed, however it requires PCR amplification at four different temperature conditions 

making it difficult to employ with a small subset of samples. Our multiplex SSP-PCR 

assay utilizes the same PCR amplification conditions to generate PCR amplicons in all 

four multiplex groups, which is ideal for both a small set of samples and in the high 

throughput setting.  

 Most recently Kulkarni et al. (24) described the use of a multiplex SSP-PCR 

assay for the analysis of the KIR locus. However, much like previously published studies, 

this assay requires the use of high quality DNA and a substantial amount of DNA input 

(150-200 ng) for a complete KIR typing in 12 reaction wells. This assay also amplifies 

shorter PCR amplicons ranging in size from 89-800 bp. 
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Our multiplex SSP-PCR assay generates amplicons ranging in size from 80-565 

bp, with the vast majority of the amplicons under 205 bp in size (Figure 3). This is 

important when amplifying samples in which DNA may be degraded or not of the highest 

quality. There is also a minimum difference in amplicon size within multiplex groups at 

15 bp to obtain enough resolution to visualize by standard gel electrophoresis.  

This assay has several advantages in comparison to existing methodology. First, 

we use a minimal amount of DNA for a complete KIR typing profile. This becomes an 

important issue in disease association studies, as individuals in these studies may not be 

able to provide a large sample for DNA isolation or the amount of DNA available is 

limited. We were able to successfully amplify products with 1 ng DNA input, however 5 

ng was the optimal concentration. Second, we amplify samples that are smaller in size 

than some of the previously published studies. Additionally, this methodology can be 

employed without the acquisition of any major specialized equipment. It utilizes the 

simplicity of PCR that can be carried out in a laboratory capable of molecular biological 

methods. Since all reactions are run under the same thermocycling conditions, it is 

possible to genotype twenty four samples with all four multiplex groups on a 96 well 

plate. In addition, this assay is simple enough for basic agarose gel electrophoresis 

analysis. It is flexible for both large scale, and small scale genetic analysis studies. This 

application will be advantageous in a high throughput setting where rapid typing may be 

necessary in population based studies.  

We report on a validated multiplex SSP-PCR assay for efficient genotyping of the 

KIR locus. This assay utilizes four multiplex reactions to type 14 genes on the KIR locus 
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including variants of KIR2DS4 which possess a 22 base pair deletion in exon 5. 

Additionally, each reaction uses a total of 5 ng input DNA, requiring only 20 ng total 

DNA for a complete KIR profile. This is important for typing of samples that have been 

obtained from individuals that may have a low white blood cell count, or from which a 

minimal sample of blood is available for DNA extraction.  
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Table 1: KIR multiplex primer sets 

Group 1 Primer
 

Sequence Location Size 

KIR3DL3 Forward GGAGCTTGTTTGACATTTACCATCT  Exon 5 207 

  Reverse TGACAGAAACGGGCAGTGGGTC Exon 5  

KIR2DS4del Forward CTTGTCCTGCAGCTCCATCTATC Exon 5 176 

  Reverse GAGTTTGACCACTCGTAGGGAGC Exon 5  

KIR2DL1 Forward* GCARTGTTGGTCAGATGTCATGTTTGAAC Exon 4  152 

  Reverse AGGTCCCTGCCAGGTCTTGCG Exon 4   

KIR2DS4 Forward TTCCTGGCCCTCCCAGGTCAC Exon 4  87 

  Reverse AAGGAAGTGCTCAAACATGACATCC Exon 4   

       

Group 2        

KIR2DL3 Forward TCTTCTTTCTCCTTCATCGCTGGTGCTG Exon 7 533 

  Reverse-a CCTGCAGGCTCTTGGTCCATTACAA Exon 8   

  Reverse-b CTGCAGGCTCTTGGTCCATTACCG Exon 8   

KIR2DL5 Forward TCCTGCAGCTCCAGGAGCTCATT Exon 5 193 

  Reverse CGGGTCTGACCACTCATAGGGT Exon 5   

KIR2DL2 Forward AGGGAGGGGGAGGCCCATGAAT Exon 5 171 

  Reverse AACAAGCAGTGGGTCACTCGAGTT Exon 5   

KIR2DL4 Forward GTATCGCCAGACACCTGCATGCTG Exon 7 91 

  Reverse CACCAGCGATGAAGGAGAAAGAAGGGA Exon 7   

       

Group 3        

KIR3DL2 Forward AGGCCCATGAACGTAGGCTCCG Exon 5 150 

  Reverse GGTCACTTGAGTTTGACCACACGC Exon 5   

KIR2DS2 Forward GCACTTCCTTCTGCACAGAGAGGGGAAGTA Exon 4 130 

  Reverse TCTGTAGGTCCCTGCAAGGTCTTGCATC Exon 4   

KIR2DS5 Forward CTGCACAGAGAGGGGACGTTTAACC Exon 4 95 

  Reverse GTCATGCGACCGATGGAGAAGTTGC Exon 4   

KIR3DS1 Forward TACATGTTCACTCCAAGGCCAATTTCTCCATCGGTT Exon 4 80 

  Reverse TCACTTCTAAATCTGTAGGTCCCTGCAAGGGCAC Exon 4   

       

Group 4        

KIR3DL1 Forward ATCCTCCTCCTCTTCTTTCTCCTTCATCT Exon 7 565 

  Reverse CTCGCTGTTGGCTGTTCTGTTC Exon 8   

KIR2DS3 Forward GTGACCTTGTCCTGCAGCTCCT Exon 5   

  Reverse GAGCCGAAGCATCTGTAGGTTCCTCCT Exon 5 170 

KIR2DS1 Forward*
 

GCARTGTTGGTCAGATGTCATGTTTGAAC Exon 4   

  Reverse-a TAGGTCCCTGCCAGGTCTTGCC Exon 4 153 

  Reverse-b TAGGTCCCTGCCAGGTCTTGCT Exon 4   

*KIR2DL1 and KIR2DS1 share a common forward primer  
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Table 2: Concordance of genotypes with reference samples 

Mplex Group KIR 1 2 3 4 5 6 7 8 9 10 

1 3DL3 Present Present Present Present Present Present Present Present Present Present 

  2DS4del Present Present Absent Present Absent Present Present Absent Absent Absent 

  2DL1 Present Present Present Present Present Absent Present Present Present Absent 

  2DS4 Present Present Present Present Absent Present Present Present Present Absent 

2 2DL3 Present Present Present Present Present Absent Present Absent Present Absent 

  2DL5 Absent Present Present Present Present Absent Present Present Present Present 

  2DL2 Absent Present Present Absent Present Present Present Present Present Present 

  2DL4 Present Present Present Present Present Present Present Present Present Absent 

3 3DL2 Present Present Present Present Present Present Present Present Present Present 

  2DS2 Absent Present Present Absent Present Present Present Present Present Present 

  2DS5 Absent Absent Present Absent Present Absent Present Present Absent Present 

  3DS1 Absent Absent Present Present Present Absent Present Present Present Absent 

4 3DL1 Present Present Present Present Absent Present Present Present Present Absent 

  2DS3 Absent Present Absent Present Present Absent Present Present Present Absent 

  2DS1 Absent Absent Present Present Present Absent Present Present Present Present 

Concordance (%) 1 2 3 4 5 6 7 8 9 10 

Pel Freez SSP Kit  100 100 100 100 100 100 100 100 100 100 

Multiplex Assay Genotype 100 100 100 100 100 100 100 100 100 100 

 

Grey denotes a positive genotype, white denotes a negative genotype. Samples 1, 4, 6, and 7 were positive for KIR2DS4del 

variant and negative for the full length variant both in the previous genotyping and the Pel Freez KIR SSP Kit (denoted in 

black). KIR2DS4 and KIR2DS4del variant are typed independently in the multiplex SSP-PCR assay. KIR2DS4 and 

KIR2DS4del variant are both typed negative if both variants are absent (samples 5 and 10). KIRDS4 and KIR2DS4del are 

positive if the deletion variant is present (samples 1, 2, 4, 6, and 7). KIR2DS4 is positive and KIR2DS4del is negative if the 

deletion variant is absent (samples 3, 8, and 9) 
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Figure 1: KIR Multiplex SSP-PCR Amplicon Locations on the KIR Gene Locus 

 

Approximate amplicon locations are shown in Figure 1. Two amplicons span exons 7 and 

8, with 12 amplicons in exons 4 and 5.  
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Figure 2: Priming site for KIR2DS4del variant  

 

KIR2DS4del variant forward primer is located in exon five spanning the 22 base pair 

deletion (grey box) present in alleles 003, 004, and 006-009 (primer denoted by black 

stripe connected by double sided arrow). KIR2DS4del variant is only amplified if the 

deletion is present. KIR2DS4 is amplified if either the full length variant or the deletion 

variant is present. Neither is amplified if KIR2DS4 is absent. 
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Figure 3: KIR profiles of eight samples using multiplex PCR  
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Figure 3: KIR profiles of eight samples using multiplex PCR  

 

Eight complete KIR genotype profiles from samples (A-H). The presence (+) or absence 

(-) of each gene is labeled below each gel image. Amplicon lengths are referenced on the 

right. Five (5) µl of PCR product were mixed with 1 µl of EZ-Vision™ One DNA Dye 

(Amresco Inc., Solon, OH) and separated by electrophoresis on 3% Agarose SFR™ 

(Amresco Inc., Solon, OH) gels in 1x TBE for 45 minutes at 150 V. DNA marker: 

Novagen 50 bp Perfect DNA Ladder.  
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Abstract 

Human papillomavirus (HPV) is the most commonly occurring sexually 

transmitted infection and is a necessary cause of cervical cancer. The progression from 

HPV infection to cervical cancer is incompletely understood and host innate immune 

response has recently been identified as a potential cofactor in this progression. This 

study examines associations between killer cell immunoglobulin-like receptors (KIR) and 

HPV infection in women. 283 women from the prospective Young Women’s Health 

Study (YWHS) had HPV infection data and samples available for KIR genotyping. 

Women were genotyped for 14 genes on the KIR gene locus. Associations between KIR 

genotype and haplotype with HPV prevalence, incidence and clearance were assessed. 

KIR2DS5 was significantly associated with a decreased odds of oncogenic HPV 

prevalence (Odds ratio [OR]: 0.56, 95% Confidence Interval [CI]: 0.31-0.99). Risk of 

acquisition of any HPV was significantly associated with KIR2DL2 (Hazards Ratio [HR]: 

2.11, 95% CI: 1.0-4.44), KIR2DS2 (HR: 2.44, 95% CI: 1.13-5.24), KIR2DS3 (HR: 2.36, 

95% CI: 1.16-4.81), and KIR haplotype B (HR: 2.48, 95% CI: 1.02-6.02). Women 

lacking KIR2DS5 had an increased risk of any HPV acquisition in the presence of 

KIR2DL2 (HR: 2.95, 95% CI: 1.28-6.86), KIR2DS2 (HR: 3.33, 95% CI: 1.39-7.99), or 

KIR2DS3 (2.77, 95% CI: 1.24-6.19). This study is the first to report on the associations 

between these receptors and HPV natural history at the initial stages of the HPV 

progression pathway. 
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Introduction 

Human papillomavirus (HPV) is the most common sexually transmitted infection 

among sexually active people in the U.S. (Weinstock et al. 2004). HPV has been strongly 

linked to cancers of the anogenital tract including anal and penile cancers in men, 

cervical cancer in women, and their precursor lesions (Trottier and Franco 2006).  In 

addition HPV causes anogenital warts in men and women (Sanclemente and Gill 2002).  

Several cofactors, including smoking, multiple-type HPV infection, and nutritional status, 

have been identified as factors that influence HPV infection natural history and 

progression to cervical pre-cancer and cancer (Castellsague et al. 2002; Castle and 

Giuliano 2003; Giuliano et al. 1997; Giuliano et al. 2003; Peterson et al. 2010; Sedjo et 

al. 2002a; Sedjo et al. 2002b). However, the factors that influence progression from 

initial HPV infection to cervical cancer are incompletely understood.  

Host immune response is a logical cofactor in this progression and has only 

recently been evaluated as a risk for cervical cancer and its precursor lesions (Arnheim et 

al. 2005; Carrington et al. 2005; Castro et al. 2009; Garcia-Pineres et al. 2006; Madeleine 

et al. 2008; Martin et al. ; Wang et al. 2002; Zoodsma et al. 2005a; Zoodsma et al. 

2005b), more specifically modulators of innate immunity to HPV (Arnheim et al. 2005; 

Carrington et al. 2005). Natural killer (NK) cells initiate detection and elimination of 

virally infected and/or tumor cells (O'Connor et al. 2006) through the interaction of killer 

cell immunoglobulin like receptors (KIR) and human leukocyte antigen (HLA) class I 

molecules (Gardiner 2008). The number and type of KIR genes possessed by individuals 

are highly polymorphic and may be classified into two haplotypes (A and B) which also 
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vary in their gene content (Bashirova et al. 2006; Middleton et al. 2005). KIR haplotype 

A includes two activating genes (KIR2DL4 and KIR2DS4) and five inhibitory genes 

(KIR2DL1, KIR2DL3, KIR3DL1, KIR3DL2, and KIR3DL3). Haplotype B encompasses 

all other combinations of genes, and is considered to be more activating (Khakoo and 

Carrington 2006).   

KIR3DS1 (a member of haplotype B) has been identified as a risk factor for 

cervical cancer progression and when present with the HLA-B Bw4 allele, cervical cancer 

risk increased (Carrington et al. 2005). The same KIR and HLA allele combinations were 

associated with a delay in progression to AIDS among HIV-1 infected individuals 

(Martin et al. 2002) and hepatitis-C virus clearance and protection from hepatocellular 

carcinoma development (Bashirova et al. 2006; Khakoo et al. 2004). The goal of the 

current study is to assess the associations between KIR genotype and haplotype with 

HPV prevalence, incidence, and clearance in a group of women from the Young 

Women’s Health Study (Giuliano et al. 2002). No study has yet reported on the 

association(s) between these receptors and HPV natural history at the initial stages of the 

HPV progression pathway.  

 

 

Materials and Methods 

Study Design and Population 

 Women included in the current analyses were participants ages 18-35 years from 

the prospective Young Women’s Health Study (YWHS) completed in Tucson, AZ, 
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between 1996 and 2000. Detailed methods of this study are described elsewhere 

(Giuliano et al. 2002). Briefly, women were followed prospectively over the course of 

three visits: baseline, ~4 months, and ~10 months. Participants underwent a complete 

gynecological exam at each visit where samples were collected for HPV testing, behavior 

and risk factor questionnaires were completed, and women provided blood samples for 

archiving. A total of 331 women had HPV data available in the YWHS, of which 268 

(81%) had archived whole blood samples for inclusion in the current study. All protocols 

were approved by the Institutional Review Board of the University of Arizona. 

HPV analyses 

 HPV analyses were conducted on exfoliated cervical cell samples by polymerase 

chain reaction (PCR) using the PGMY09/11 consensus primer system (Roche Molecular 

Diagnostics, Alameda, CA). HPV genotyping was conducted on samples positive for 

HPV by PCR using the reverse line blot method (Gravitt et al. 1998). This method uses 

HPV L1 consensus PCR products labeled with biotin to detect 27 HPV types. The 

following HPV types were detected by this method: 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 

42, 45, 51-59, 66, 68, 73, 82, 83, and 84.   

DNA Extraction 

DNA was extracted from archived whole blood samples collected at the baseline 

study visit. An automated DNA extraction protocol using Argylla™ nanoparticles 

(Argylla Technologies, Tucson, AZ) was used. The extraction protocol was optimized 

and validated for the extraction of DNA from 1 ml aliquots of whole blood. Extracted 
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DNA was quantified by fluorimetry using picogreen with 10% of samples quality 

checked using a multiplex PCR assay for performance control.  

KIR genotyping  

 KIR genotyping was performed on all DNA extracts using a multiplex SSP-PCR 

method described previously (Abalos et al. 2011). Briefly, PCR was performed using 

FastStart Taq DNA Polymerase (Roche Applied Science, Indianapolis, IN). Reaction 

volumes were 25 µl with final concentrations of reagents as follows: FastStart Taq DNA 

Polymerase (1U) and its PCR Buffer (1x), MgCl2 (2 mM), dNTP mix (0.2 mM each), 

BSA (0.16 mg/ml), and primers (400 µM each). The thermocycling program consisted of 

an initial hotstart at 94°C for 4 minutes; followed by 94ºC denaturation for 30 seconds, 

68°C annealing for 30 seconds, and 72°C extension for 30 seconds for 35 cycles; with a 

final extension at 72°C for 7 minutes; and a hold step at 15°C. 

Agarose gel analysis of PCR products 

Five (5) µl of PCR product were mixed with 1 µl of EZ-Vision™ One DNA Dye 

(Amresco Inc., Solon, OH) and separated by electrophoresis on 3% Agarose SFR™ 

(Amresco Inc., Solon, OH) gels in 1x TBE for 45 minutes at 150 V. Gels were imaged 

and analyzed on a BioSpectrum® AC Imaging System using VisionWorksLS Acquisition 

and Analysis software (UVP, Upland, CA). 

Definition of Variables 

 KIR genotype was assigned based on the presence or the absence of individual 

KIR genes by PCR. KIR haplotypes were defined as follows: Haplotype A included two 

activating genes (2DL4 and 2DS4) with the absence of the remaining activating genes 
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present on KIR Haplotype B, and five inhibitory genes (2DL1, 2DL3, 3DL1, 3DL2, and 

3DL3); Haplotype B encompassed all other combinations of genes and was identified by 

the presence of any of the following KIR genes: 2DL2, 2DL5, 2DS1, 2DS2, 2DS3, 2DS5, 

or 3DS1. KIRs 2DL4, 3DL2, and 3DL3 are framework genes possessed by all individuals 

regardless of haplotype.  

 HPV infection categories were defined as follows: any HPV, oncogenic HPV, and 

nononcogenic HPV. Any HPV was defined as testing positive for HPV by PCR. 

Oncogenic HPV infection included the presence of any of the following types: 16, 18, 31, 

33, 35, 39, 45, 51, 52, 56, 58, 59, and 66 (Cogliano et al. 2005). Nononcogenic HPV was 

classified as the presence of any of the remaining HPV types and absence of all 13 types 

included in the oncogenic definition. 

 Point prevalence at baseline was defined as the presence of a positive HPV result 

at the baseline visit. An incident HPV infection was characterized by the absence of a 

specific HPV type at baseline and acquisition of new HPV infection (previously negative) 

at any subsequent visit. HPV negative women were those individuals that remained 

negative throughout the duration of the study. HPV clearance was defined as a positive 

HPV result for a specific HPV category at one visit followed by a negative HPV result 

among the same HPV category at a subsequent visit. 

Statistical Analyses 

KIR gene carrier frequencies were calculated as percent positive of all individuals 

genotyped. HPV point prevalence at baseline was calculated as percent positive with the 

following HPV categories: any HPV, oncogenic HPV, and nononcogenic HPV. HPV 
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prevalence was also calculated among KIR positive individuals for each gene 

individually, and by haplotype. Bivariate logistic regression was used to determine the 

main effects of KIR genotype and haplotype with HPV prevalence at baseline for each 

HPV category.  

Women months at risk were calculated for each individual for each HPV category 

based on the number of months from the baseline visit until time of detection or the last 

clinical visit if the individual remained HPV negative throughout the study duration. 

Cumulative probability of HPV incidence by KIR genotype and haplotype was measured 

using Kaplan-Meier estimates of the cumulative hazard function among individuals HPV 

negative at baseline. The probability of HPV clearance was estimated using the Kaplan-

Meier survivor function. Comparisons between genotype and haplotype were made using 

the log-rank test for equality of survivor functions.  

KIR genes associated with acquiring an incident HPV infection and probability of 

clearance were assessed using Cox-proportional hazards models. To assess the main 

effects of each gene individually, bivariate Cox-proportional hazards analyses were 

performed on those genes with a significant log-rank test at the α= 0.10 level of 

significance. Additionally, the joint effects of genes significantly associated with 

acquisition of HPV infection were explored using bivariate Cox-proportional hazards 

analyses. All analyses were performed using Intercooled Stata 9.2 (StataCorp, College 

Station, TX). 
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Results 

A total of 268 women from the Young Women’s Health Study had samples 

available for KIR genotyping, and were included in the current analyses. Median time of 

follow-up was 9.04 months (range: 2.04-17.6 months). Baseline demographic and 

behavioral characteristics of this sub-cohort are presented in Table 1. Mean age was 24.2 

(SD: ±4.6) years. The majority of study participants were: white non-Hispanic, single, 

completed at least some college, and were nulliparous. Almost three quarter of women 

(73.8%) reported first sexual intercourse at or before age 17 (median age: 16), and the 

median number of male sexual partners was six. HPV prevalence was 41.4% for any 

HPV, 33.2% for oncogenic types, and 7.8% for nononcogenic types. 

KIR gene carrier frequencies and HPV prevalence by KIR genotype are 

summarized in Table 2. All three framework genes (KIR2DL4, KIR3DL2, and KIR3DL3) 

were detected in all individuals as expected. KIR2DL1 was detected at the highest 

frequency with 94.8% of women with a positive genotype, and KIR2DS3 was detected at 

the lowest frequency (24.4%). KIR2DL3, KIR2DS4 (including the deletion variant), and 

KIR3DL1 were observed in at least 80% of women. The remaining KIRs were present at 

a frequency of 52.6% or below (range: 30.7-52.6). Any HPV prevalence was the highest 

among KIR2DS3 positive women (45.5%) and lowest among KIR2DS5 positive women 

(33.8%). The same trend was observed for oncogenic HPV types: KIR2DS3 positive 

women with the highest prevalence (36.4%) and KIR2DS5 positive women with the 

lowest (24.1%). For nononcogenic types, the highest prevalence was observed among 
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KIR2DL2 positive women (9.4%) and the lowest among KIR2DS1 positive women 

(5.7%)  

Table 3 summarizes the main effects of KIR gene positivity on HPV prevalence 

by HPV type. KIR2DS5 was significantly associated with oncogenic HPV prevalence 

(Odds ratio [OR]: 0.56, 95% Confidence Interval [CI]: 0.31-0.99). Although not 

statistically significant, KIR2DS5 was also protective against any HPV prevalence (OR: 

0.63, 95% CI: 0.36-1.07).   

The cumulative probability of HPV incidence for any HPV and oncogenic HPV 

comparing KIR positive women to KIR negative women is shown in Fig. 1. The 

cumulative probability of infection with any HPV at ten months among HPV negative 

women at baseline was higher among women positive for KIR2DL2 (33.6%), KIR2DS2 

35.5%), and KIR2DS3 (38.3%) compared to women negative for those genes (17.4%, 

14.6%, and 22.5%, respectively). Conversely, the cumulative probability of acquiring any 

HPV was lower for KIR2DS5 positive women (16.5%) when compared to KIR2DS5 

negative women (30.8%), although this did not reach statistical significance. Individuals 

with KIR Haplotype B also had a higher cumulative probability of acquiring any HPV 

(33.6%) compared to KIR Haplotype A (11.3%).  

A similar trend was observed for the probability of oncogenic HPV acquisition at 

ten months: higher probability among women positive for KIR2DL2 (32.5%), KIR2DS2 

(32.9%), KIR2DS3 (31.8%) compared to women negative for the same genes (14.0%, 

13.8%, and 21.9%, respectively). Women with KIR Haplotype B (31.9%) also had an 
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increase probability of acquisition of oncogenic infection at ten months compared to KIR 

Haplotype A (9.3%). A significant decreased probability of oncogenic HPV acquisition 

among KIR2DS5 positive women (13.9%) compared to KIR2DS5 negative women 

(29.0%) was observed (Fig. 1).  

Table 4 presents incidence rates of HPV by KIR genotype and the main effect of 

KIR gene positivity on the risk of acquiring an incident HPV infection among HPV 

negative women at baseline. The incidence rate for Any HPV was higher among women 

positive for KIR2DL2 (4.0% per month), KIR2DS2 (4.2% per month), and KIR2DS3 

(5.1% per month) compared to their negative counterparts (1.9%, 1.7%, and 2.4% per 

month, respectively). Women with KIR haplotype B had a higher incidence rate for any 

HPV (3.7% per month) compared to women with KIR haplotype A (1.6% per month). 

Incidence rates were lower for KIR2DS5 positive women (2.1% per month) compared to 

KIR2DS5 negative women (3.4% per month). Consistent with Any HPV, incidence rates 

for oncogenic HPV followed the same trend: elevated incidence rates among women 

positive for KIR2DL2, KIR2DS2, KIR2DS3, and KIR Haplotype B, and a decreased 

incidence rate among KIR2DS5 positive women (Table 4).  

Acquisition of an incident infection with any HPV was positively associated with 

KIR2DL2 (Hazards Ratio [HR]: 2.11, 95% CI: 1.0-4.44), KIR2DS2 (HR: 2.44, 95% CI: 

1.13-5.24), KIR2DS3 (HR: 2.36, 95% CI: 1.16-4.81), and KIR haplotype B (HR: 2.48, 

95% CI: 1.02-6.02). Consistent with Any HPV, acquisition of an incident infection with 

oncogenic HPV was positively associated with KIR2DL2 (HR: 2.04, 95% CI: 0.89-4.74), 

KIR2DS2 (HR: 2.10, 95% CI: 0.91-4.80), KIR2DS3 (HR: 2.13, 95% CI: 0.95-4.78), and 
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KIR haplotype B (HR: 2.38, 95% CI: 0.89-6.34). KIR2DS5 was negatively associated 

with acquisition of any HPV (HR: 0.61, 95% CI: 0.27-1.32) and oncogenic HPV 

infection (HR: 0.36, 95% CI: 0.12-1.04), however not statistically significant.  

Gene by gene interactions between KIR2DS5 and KIR2DL2, KIR2DS2, and 

KIR2DS3 were explored and are presented in Table 5. Women lacking KIR2DS5 had a 

statistically significant increase in risk of any HPV acquisition in the presence of 

KIR2DL2 (HR: 2.95, 95% CI: 1.28-6.86), KIR2DS2 (HR: 3.33, 1.39-7.99), or KIR2DS3 

(2.77, 95% CI: 1.24-6.19) compared to women lacking the gene pairs. Furthermore, when 

KIR2DS5 is present, no statistically significant associations with risk of any HPV 

acquisition were observed. With the exception of KIR2DS3, the same statistically 

significant association was observed with oncogenic HPV. An increased risk for 

oncogenic HPV acquisition was observed among women lacking KIR2DS5 and 

possessing KIR2DL2 (HR: 3.69, 1.44-9.46), KIR2DS2 (HR: 3.53, 1.38-9.05), or KIR2DS3 

(HR: 2.35, 0.98-5.62) compared to women lacking the gene pairs.   

No statistically significant differences in HPV clearance rates were observed 

when comparing KIR positive women to KIR negative women (data not shown). 

However, women possessing KIR haplotype B had a slightly longer duration of infection 

with any HPV and oncogenic HPV, compared to KIR haplotype A (not statistically 

significant). This is the same trend observed with HPV incidence. None of the KIR 

genotypes or haplotypes were significantly associated with HPV clearance when assessed 

by Cox-proportional hazards modeling. Although the independent effects of additional 
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predictors of HPV prevalence and incidence were explored, none significantly affected 

the magnitude of the odds ratios or hazards ratios.  

 

Discussion: 

We observed significant effects of individual KIR genotypes and the activating 

KIR haplotype B on the risk of acquiring HPV infection. KIR2DL2 (HR: 2.11, 95% CI: 

1.0-4.44), KIR2DS2 (HR: 2.44, 95% CI: 1.13-5.24), KIR2DS3 (HR: 2.36, 95% CI: 1.16-

4.81), and KIR Haplotype B (HR: 2.48, 95% CI: 1.02-6.02) were all significantly 

associated with an increased risk for acquisition of any HPV infection. Although not 

statistically significant, the same trend among these genes and Haplotype B was observed 

with oncogenic HPV. A protective effect among KIR2DS5 positive women was observed 

against HPV prevalence with any HPV (OR: 0.63, 95% CI: 0.36-1.07) and oncogenic 

HPV types (OR: 0.56, 95% CI: 0.31-0.99, Table 3). In addition the incidence rates for 

any HPV and oncogenic HPV were decreased among KIR2DS5 positive women, with a 

decreased risk for acquisition of any HPV (HR: 0.61, 95% CI: 0.27-1.35) and oncogenic 

HPV (HR: 0.36, 95% CI: 0.12-1.04). When assessing the joint effects of KIR2DS5 with 

the other KIR genes that increased the risk for HPV acquisition, risk was increased when 

KIR2DS5 was absent and KIR2DL2, KIR2DS2, or KIR2DS3 was present. When KIR2DS5 

was present (even in the presence of the other KIRs) no statistically significant changes in 

risk of HPV acquisition were observed for any HPV or oncogenic HPV. This suggests 

that the presence of KIR2DS5 alone is a true protective effect, as risk for HPV acquisition 

is highest in its absence.  
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The role of KIR on response to viral infection has been previously described in 

several population based studies. The presence of the activating KIR3DS1 and HLA-Bw4 

alleles conferred protection against progression to AIDS in HIV infected individuals 

(Martin et al. 2002), and the presence of HLA-C alleles in combination with KIR2DL3 

homozygosity was associated with spontaneous clearance of Hepatitis C viral infection 

(Khakoo et al. 2004). Additionally, KIR3DS1 was previously described as a risk factor 

for cervical cancer progression (Carrington et al. 2005), and KIR3DL1 was associated 

with an increased risk of HPV related cervical intraepithelial neoplasia (CIN) (Arnheim 

et al. 2005). Previous studies investigating the effect of KIR on HPV related disease have 

focused on the latter stages of the HPV progression pathway. Here we focus on the role 

of KIR on initial HPV infection. Although we did not find any statistically significant 

associations with KIR3DS1 we did observe a heightened risk for acquiring incident HPV 

infection among women positive for several activating KIRs and the activating KIR 

Haplotype B. This is consistent with the findings that KIR3DS1 (an activating KIR and 

member of Haplotype B) heightens the risk for cervical cancer progression (Carrington et 

al. 2005). 

 We did not detect any significant differences in HPV clearance rates among 

women positive for the same activating KIR genotypes and Haplotype B. These results 

may be due to the limitation of our short duration of follow up (median follow-up time: 

9.04 months), which does not allow us to adequately assess HPV clearance. Another 

potential limitation to assessing clearance may be due to a relatively small sample size. 
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Because of our sample size limitation, we are also unable to assess HPV type specific 

incidence and clearance rates.  

 It is important to test the associations with KIR genotype and/or haplotypes at 

each stage of the progression from HPV infection to cervical cancer. While published 

studies have focused on the latter stages of the HPV progression pathway (Arnheim et al. 

2005; Carrington et al. 2005), we focus on prevalence, incidence, and duration of HPV 

infection. We describe a consistent protective effect of KIR2DS5 positivity on HPV 

prevalence and a decreased risk for HPV acquisition in KIR2DS5 positive women. We 

also demonstrate a significant increased risk of acquiring incident HPV infection among 

activating KIR genes that are members of KIR haplotype B. Additionally we describe a 

true protective effect of KIR2DS5, as individuals lacking the gene in the presence of 

other KIRs associated with an increased risk of HPV acquisition are at the highest risk for 

any HPV and oncogenic HPV acquisition (Table 5). These results suggest a significant 

role of activating KIRs on the initial stages of HPV infection, which is consistent with the 

role of KIR3DS1 at the later stages of the pathway. Although we were limited by sample 

size and a relatively short duration of follow up, this provides valuable information for 

future studies. In moving forward, these results should be replicated in a larger study with 

a longer duration of follow up to further validate these findings. This will also allow for 

the investigation of the effects of KIR gene status on HPV type specific incidence and 

clearance.  
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Table 1: Baseline Characteristics of Genotyped YWHS Samples 

 

Baseline Characteristic Women
 

n=268  (%) 

Age  

Mean 24.2  ± 4.6 

18-20 70  (26.1) 

21-23 63  (23.5) 

24-27 71  (26.5) 

28-35 64  (23.9) 

  

Ethnicity  

White, non-Hispanic 211  (80.2) 

Hispanic 44  (16.7) 

Other 8  (3.0) 

  

Education  

High school graduate or less 60  (22.4) 

Some college/vocation school 147  (54.9) 

College degree/graduate school 61  (22.8) 

  

Marital status  

Single 183  (68.3) 

Married 26  (9.7) 

Cohabiting 26  (9.7) 

Divorced/separated/widowed 33  (12.3) 

  

Age at first intercourse  

Median 16 

11-15 88  (33.0) 

16-17 109  (40.8) 

18-32 70  (26.2) 

  

Lifetime no. of male sex partners  

Median 6 

1 24  (9.1) 

2-4 71   (26.8) 

5-9 83    (31.3) 

10-60 87    (32.8) 

  

Oral contraceptive use  

Never 43    (18.9) 

<60 months 129  (56.3) 

≥60 months 57    (24.9) 

  

Pap smear, ever  

No 20    (7.5) 

Yes 248  (92.5) 

  

No. of pregnancies  

None 138  (51.5) 
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1 64    (23.9) 

2-9 66    (24.6) 

  

 

 

No. of live births 

 

None 206  (76.9) 

≥1 62    (23.1) 

  

Smoking history  

Never 132  (49.3) 

Current 102 (38.1) 

Former 34    (12.7) 

  

HPV infection status  

Any HPV  

Negative 157  (58.6) 

Positive 111  (41.4) 

  

Oncogenic HPV  

Negative 179 (66.8) 

Positive 89 (33.2) 

  

Nononcogenic  HPV  

Negative 247  (92.2) 

Positive 21 (7.8) 
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Table 2: HPV prevalence among KIR positive women 

 

Gene 

Carrier Frequency  

n (%) 

HPV Prevalence Among Gene Carriers 

n (%) 

  

Ntotal = 268 

 

Any HPV 

 

 

Oncogenic 

 

 

Nononcogenic 

 

 

Haplotype A 92 (33.6) 38 (41.3) 34 (40.0) 6 (6.5) 

 

KIR2DL1 254 (94.8) 106 (41.7) 85 (33.5) 21 (8.3) 

 

KIR2DL3 235 (87.8) 97 (41.3) 77 (32.8) 20 (8.5) 

 

KIR2DS4 252 (94.1) 105 (41.7) 85 (33.7) 20 (7.9) 

 

KIR2DS4del
a
 219 (81.9) 91 (41.6) 75 (34.2) 16 (7.3) 

 

KIR3DL1 252 (94.1) 105 (41.7) 85 (33.7) 20 (7.9) 

 

Haplotype B 176 (66.4) 73 (41.5) 55 (31.3) 15 (8.5) 

 

KIR2DL2 138 (51.5) 62 (44.9) 46 (33.3) 13 (9.4) 

 

KIR2DL5 128 (36.5) 50 (39.1) 37 (28.9) 11 (8.6) 

 

KIR2DS1 106 (39.3) 39 (36.8) 31 (29.2) 6 (5.7) 

 

KIR2DS2 141 (52.6) 62 (44.0) 46 (32.6) 13 (9.2) 

 

KIR2DS3 66 (24.4) 30 (45.5) 24 (36.4) 6 (9.1) 

 

KIR2DS5 83 (30.7) 28 (33.8) 20 (24.1) 6 (7.2) 

 

KIR3DS1 99 (36.7) 38 (38.4) 30 (30.3) 6 (6.1) 

KIR2DL4, KIR3DL2, KIR3DL3 are framework genes and are present in all individuals 
a
KIR2DS4 alleles 003-009 which possess a 22 base pair deletion in exon 5 
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Table 3: Main effects of KIR gene positivity on HPV prevalence 

 
Any HPV Prevalence 

 

Oncogenic HPV Prevalence 

  

Nononcogenic HPV Prevalence 

 

Gene  

Positive 

 

Negative 

Odds Ratio
a 

(95% CI) 

 

Positive 

 

Negative 

Odds Ratio
a 

(95% CI) 

 

Positive 

 

Negative 

Odds Ratio
a 

(95% CI) 

 

Haplotype A 38 (41.3) 

 

 

 

34 (40.0) 

  

6 (6.5) 

 

 

 

 

KIR2DL1 106 (41.7) 

 

5 (35.7) 

 

1.29 (0.42-3.96) 85 (33.5) 

 

4 (30.8) 

 

1.15 (0.34-3.85) 21 (8.3) 

 

0 

 

-- 

 

KIR2DL3 97 (41.3) 

 

14 (42.4) 0.95 (0.46-1.99) 77 (32.8) 

 

12 (37.5) 0.83 (0.38-1.78) 20 (8.5) 

 

1 (3.1) 2.92 (0.38-22.6) 

 

KIR2DS4 105 (41.7) 

 

6 (37.5) 1.19 (0.42-3.38) 85 (33.7) 

 

4 (26.7) 1.43 (0.44-4.61) 20 (7.9) 

 

1 (6.7) 1.22 (0.15-9.78) 

 

KIR2DS4del 91 (41.6) 

 

20 (40.8) 1.03 (0.55-1.93) 75 (34.2) 

 

14 (29.2) 1.29 (0.65-2.56) 16 (7.3) 

 

5 (10.4) 0.69 (0.24-1.98) 

 

KIR3DL1 105 (41.7) 

 

6 (37.5) 1.19 (0.42-3.38) 85 (33.7) 

 

4 (26.7) 1.43 (0.44-4.61) 20 (7.9) 

 

1 (6.7) 1.22 (0.15-9.78) 

 

Haplotype B 73 (41.5) 

 

1.01 (0.60-1.69) 55 (31.3) 

 

0.80 (0.47-1.36) 15 (8.5) 

 

 1.37 (0.51-3.66) 

 

KIR2DL2 62 (44.9) 

 

49 (37.6) 1.35 (0.83-2.20) 46 (33.3) 

 

43 (33.3) 1.03 (0.62-1.72) 13 (9.4) 

 

8 (6.2) 1.61 (0.64-4.03) 

 

KIR2DL5 50 (39.1) 

 

61 (43.6) 0.83 (0.51-1.35) 37 (28.9) 

 

52 (37.4) 0.70 (0.42-1.18) 11 (8.6) 

 

10 (7.2) 1.24 (0.51-3.04) 

 

KIR2DS1 39 (36.8) 

 

72 (44.4) 0.73 (0.44-1.20) 31 (29.2) 

 

58 (36.0) 0.76 (0.45-1.30) 6 (5.7) 

 

15 (9.3) 0.60 (0.23-1.61) 

 

KIR2DS2 62 (44.0) 

 

49 (38.6) 1.25 (0.77-2.03) 46 (32.6) 

 

43 (34.1) 0.97 (0.58-1.61) 13 (9.2) 

 

8 (6.3) 1.53 (0.61-3.83) 

 

KIR2DS3 30 (45.5) 

 

81 (40.1) 1.24 (0.71-2.18) 24 (36.4) 

 

65 (32.8) 1.17 (0.65-2.09) 6 (9.1) 

 

15 (7.6) 1.22 (0.45-3.29) 

 

KIR2DS5 28 (33.8) 

 

83 (44.9) 0.63 (0.36-1.07) 20 (24.1) 

 

69 (37.5) 0.56 (0.31-0.99) 6 (7.2) 

 

15 (8.2) 0.91 (0.34-2.45) 

 

KIR3DS1 38 (38.4) 

 

73 (43.2) 0.82 (0.49-1.35) 30 (30.3) 

 

59 (35.1) 0.84 (0.49-1.43) 6 (6.1) 

 

15 (8.9) 0.68 (0.25-1.81) 

KIR2DL4, KIR3DL2, KIR3DL3 are framework genes and are present in all individuals 
a
Reference group for each gene are KIR negative individuals, reference group for Haplotype B is Haplotype A 
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Table 4: Associations between KIR genes and HPV incidence 

 
 

Any HPV 

Women at 

Risk 

No. of Infections
a 

Person months Incidence rate
b 

(95% CI)
 

HR (95% CI)
 

 

KIR2DL2 

     

Negative 72 10 538.1 18.6  (9.9-34.5) ref 

Positive 74 23 568.8 40.4  (26.9-60.8) 2.11 (1.0-4.44) 

KIR2DS2      

Negative 70 9 528.8 17.0 (8.9-32.7) ref 

Positive 76 24 578.2 41.5 (27.8-61.9) 2.44 (1.13-5.24) 

KIR2DS3      

Negative 112 21 869.9 24.1 (15.7-37.0) ref 

Positive 34 12 237.1 50.6 (28.7-89.1) 2.36 (1.16-4.81) 

KIR2DS5      

Negative 96 25 731.8 34.1 (23.1-50.6) ref 

Positive 50 8 375.1 21.3 (10.7-42.6) 0.61 (0.27-1.35) 

Haplotype      

A 49 6 381.4 15.7 (7.0-35.0) ref 

B 97 27 725.5 37.2 (25.5-54.3) 2.48 (1.02-6.02) 

 

Oncogenic HPV 

   
 

 

 

KIR2DL2 

     

Negative 69 8 507.2 15.8 (7.9-31.5) ref 

Positive 74 18 544.9 33.0 (20.8-52.4) 2.04 (0.89-4.70) 

KIR2DS2      

Negative 67 8 504.6 15.9 (7.9-31.7) ref 

Positive 76 18 547.5 32.9 (20.7-52.2) 2.10 (0.91-4.80) 

KIR2DS3      

Negative 109 17 831.3 20.5 (12.7-32.9) ref 

Positive 34 9 220.8 40.8 (21.2-78.3) 2.13 (0.95-4.78) 

KIR2DS5      

Negative 94 22 701.9 31.3 (20.6-47.6) ref 

Positive 49 4 350.2 11.4 (4.3-30.4) 0.36 (0.12-1.04) 

Haplotype      

A 47 5 369.0 13.5 (5.6-32.5) ref 

B 96 21 683.1 30.7 (20.0-47.1) 2.38 (0.89-6.34) 

NOTE: HR= Hazards ratio, CI = confidence interval 
a
 Incident infections by genotype 

b 
No. of infections per 1000 person months 
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Table 5: Joint effects of KIR2DS5 with KIR2DL2, KIR2DS2, or KIR2DS3 on HPV 

incidence 

 

Any HPV 

Women at 

Risk 

No. of Infections
a 

Person months Incidence rate
b 

(95% CI)
 

HR (95% CI)
 

 

2DS5-/2DL2- 

 

54 

 

8 

 

417.7 

 

19.2 (9.58-38.3) 

 

Ref 

2DS5-/2DL2+ 42 17 314.1 54.1 (33.6-87.1) 2.95 (1.28-6.86) 

2DS5+/2DL2- 17 2 120.4 16.6 (4.15-66.3) 0.98 (0.21-4.64) 

2DS5+/2DL2+ 32 6 254.7 23.6 (10.5-52.4) 1.15 (0.40-3.32) 

 

2DS5-/2DS2- 

 

52 

 

7 

 

399.5 

 

17.5 (8.35-36.8) 

 

Ref 

2DS5-/2DS2+ 44 18 332.3 54.1 (34.1-86.0) 3.33 (1.39-7.99) 

2DS5+/2DS2- 17 2 129.2 15.5 (3.87-61.9) 0.98 (0.20-4.75) 

2DS5+/2DS2+ 32 6 245.9 24.4 (11.0-54.3) 1.33 (0.45-3.97) 

 

2DS5-/2DS3- 

 

74 

 

15 

 

575.3 

 

26.1 (15.7-43.2) 

 

Ref 

2DS5-/2DS3+ 22 10 156.5 63.9 (34.4-118.7) 2.77 (1.24-6.19) 

2DS5+/2DS3- 38 6 294.5 20.4 (9.15-45.3) 0.76 (0.30-1.97) 

2DS5+/2DS3+ 11 2 80.6 24.8 (6.21-99.2) 1.03 (0.24-4.54) 

      

Oncogenic HPV    
 

 

 

2DS5-/2DL2- 

 

52 

 

6 

 

398.5 

 

15.1 (6.76-33.5) 

 

Ref 

2DS5-/2DL2+ 42 16 303.4 52.7 (32.3-86.1) 3.69 (1.44-9.46) 

2DS5+/2DL2- 16 2 108.7 18.4 (4.60-73.6) 1.42 (0.28-7.14) 

2DS5+/2DL2+ 31 2 241.5 8.28 (2.07-33.1) 0.52 (0.11-2.59) 

 

2DS5-/2DS2- 

 

50 

 

6 

 

387.1 

 

15.5 (6.96-3.45) 

 

Ref 

2DS5-/2DS2+ 44 16 314.8 50.8 (31.1-83.0) 3.53 (1.38-9.05) 

2DS5+/2DS2- 16 2 117.5 17.0 (4.26-68.1) 1.23 (0.24-6.17) 

2DS5+/2DS2+ 31 2 232.7 8.59 (2.15-34.4) 0.54 (0.11-2.68) 

 

2DS5-/2DS3- 

 

72 

 

14 

 

557.0 

 

25.1 (14.9-42.4) 

 

Ref 

2DS5-/2DS3+ 22 8 144.9 55.2 (27.6-110.4) 2.35 (0.98-5.62) 

2DS5+/2DS3- 37 3 274.3 10.9 (3.53-33.9) 0.43 (0.12-1.49) 

2DS5+/2DS3+ 10 1 75.9 13.2 (1.86-93.5) 0.54 (0.07-4.17) 

NOTE: HR= Hazards ratio, CI = confidence interval 
a
 Incident infections by genotype 

b 
No. of infections per 1000 person months 
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Fig. 1 A higher cumulative 

probability of infection among 

women positive for KIR2DL2, 

KIR2DS2, and KIR2DS3 was 

observed, while the cumulative 

probability of incidence with any 

HPV was lower for KIR2DS5 

positive women. Individuals with KIR 

Haplotype B also had a higher cumulative 

probability of any HPV incidence. The same 

trend was observed for the cumulative 

probability of oncogenic HPV incidence 

 

 

 

 

 

 

 

 


