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Abstract

Edward Kumakech (2015): Human Immunodeficiency Virus (HIV),
Human Papillomavirus (HPV) and Cervical Cancer Prevention in
Uganda. Orebro Studies in Medicine 125.

The aim of this thesis was to evaluate selected HIV, HPV and cervical cancer
prevention services in Uganda. Four sub studies I-IV that employed quantita-
tive and qualitative methods of data collection and analysis were used. The
study participants included healthcare providers, policy makers, women,
men, village health teams and 15-24 year old women in Uganda. The results
from sub study I of the thesis showed that there was a high prevalence of
occupational exposure to HIV among healthcare providers and majority of
the exposure occurred through needle stick injuries (19.2%), of which
4.46% occurred with serologically confirmed HIV-infected blood. The high-
risk group were nurses-midwives and students. The predisposing factors
included lack of protective devices and recapping of needles. The use of post
exposure prophylaxis for prevention of HIV sero-conversion after the occu-
pational exposure was undermined by poor reporting of exposure, investiga-
tions and untimely access to the recommended antiretroviral drugs. From
sub study IV among the 15-24 year old women, some moderate HIV preva-
lence (1.7%) was observed in addition to other sexually transmitted infec-
tions (STIs) in this case syphilis (1.2%) and HPV (33.7%). And they were
associated with sexual risk behaviors. Sub study IV further revealed that of
the HPV infections, 68.8% and 8.9% occurred with the high-risk HPV types
and vaccine HPV-16/18 types respectively. The high-risk HPV infections
were significantly less prevalent among the bivalent HPV-16/18-vaccinated
group compared to non-vaccinated group [18.5% vs 28.1%, p 0.032, OR
95% CI 0.6(0.4-0.9)]. The difference between the two groups was more
pronounced if vaccine HPV-16/18 only were compared [0.5% vs 5.6%, p
0.006, OR 95% CI 0.08(0.01-0.64)]. At type-specific level, significant dif-
ference was observed for HPV16 only. Bivalent HPV16/18 vaccination was
not associated with increased prevalence of non-vaccine-types of HPV infec-
tions. Instead, other STIs (HIV/ syphilis) were associated with increased
prevalence of HPV infections. The association of HIV infection with higher
prevalence of HPV infections observed in sub study IV justifies the need for
integration of HIV and cervical cancer prevention services. In response to
that, in sub studies II and III, the Healthcare providers, policy makers and
community members alike perceived integration of HIV and cervical cancer prevention
particularly screening would be beneficial to all stakeholders but not with-
out challenge.

Keywords: HIV, HPV, Cervical cancer, Prevention, Post-exposure
prophylaxis, screening integration, vaccination, Uganda .
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Sammanfattning pa svenska

Huvudmalsattningen for avhandlingsprojektet har varit att utvardera
forebyggande halsovardsinsatser for infektioner orsakade av HIV
(humant immunbristvirus) och HPV (humant papillomvirus) och
cervixcancer (livmoderhalscancer) i Uganda. Projektet har genom-
forts i fyra delarbeten dar bade kvalitativa och kvantitativa metoder
anvints. I studierna har deltagit frivilliga personer som bidragit med
sin syn pa hilsovarden i Uganda, och i en del fall zven med blod- och
cervixprover. Dessa har inkluderat hilsoarbetare av olika kategorier,
beslutsfattare, kvinnor och min som soker vard, byhilsoteam och
unga kvinnor (15-24 ar) i Uganda.

Resultaten fran delstudie I visade att det fanns en hog forekomst
av yrkesmissig exponering for HIV bland hilsoarbetarna. En majori-
tet av dessa expositioner hinde genom stick pd kanyler (19,2%),
4,5% var fran konfirmerat HIV-infekterade individer. Hogsta risken
att drabbas lopte sjukskoterskor, barnmorskor och studenter. Predis-
ponerande faktorer inkluderade brist pa skyddsutrustning och nir
man tog av kanyler frdn sprutorna. Mojligheten att anvinda postex-
positionsprofylax (PEP) mot HIV undergriavdes av bristande rappor-
tering om stickincidenter och ojamn tillgdng till de rekommenderade
antivirala medlen.

Delstudie IV bekriftade forekomsten av HIV och andra sexuellt
overforbara infektioner (STI) bland unga kvinnor (15-24 &r) i den
sydostra regionen av Uganda. HIV-prevalensen var 1,7%, syfilis
1,2% medan 33,7% var infekterade med HPV. Dessa STI var bl a
associerade med sexuellt riskbeteende sdsom ménga partners. Vidare
fann man att en majoritet av HPV-infektionerna orsakades av s k
hogrisktyper (68,8%), varav HPV-16/18 ndara 9%. Dock var dessa
hogrisktyper av HPV signifikant liagre forekommande hos kvinnor
som vaccinerats med det bivalenta HPV 16/18 — vaccinet ca fem ar
tidigare [18.5% hos vaccinerade vs 28.1% hos ovaccinerade, p
0.032, OR 95% CI 0.6(0.4-0.9)]. Skillnaden mellan grupperna var
annu starkare om man bara jaimforde de i vaccinet ingdende typerna
HPV 16 och 18 [0.5% vs 5.6%, p 0.006, OR 95% CI 0.08(0.01-
0.64)]. Av de enskilda HPV-typerna var det endast HPV 16 som hade
statistiskt signifikant ldgre nivd hos vaccinerade kvinnor. Det fanns



ingen association mellan vaccination och hogre sexuellt riskbeteende
eller forekomst av andra (icke-vaccin) HPV-typer. Daremot noterades
ett samband mellan andra STI (HIV och syfilis) och hogre forekomst
av HPV. Detta ir i linje med andra studier, regionalt och globalt, och
understryker behovet av integration av halsoinsatser for HIV och
cervixcancer.

Detta studerades niarmare i delstudie II och III, genom att inhdmta
synen pd integrerad service frdn hilsoarbetare, beslutsfattare och
allminna medborgare, och den samlade uppfattningen var att det
skulle vara bra med okad integration. Detta kunde speciellt gilla
screeningverksamhet. Praktiska aspekter som tid och reskostnader
lyftes fram som viktiga faktorer for en Okad integrering. Speciellt
gruppen redan HIV-infekterade kvinnor skulle vara virdefull att
finga upp i en integrerad serviceverksamhet. Vissa farhagor framfor-
des rorande risk for linga vantetider pd hilsoenheterna, trotthet,
stigmatiseringsproblematik rorande HIV samt den generella bristen
pa hilsovardsarbetare i Uganda. En del samhillsmedborgare ut-
tryckte oro for att de som drabbats av bade HIV och cervixcancer
skulle riskera att vara speciellt socialt utsatta.

Sammanfattningsvis, s dr savil exponering for HIV i arbetet (i
sjuk och hilsvard) som HIV och HPV bland unga kvinnor vanligt
forekommande i Uganda trots forekomsten av forebyggande hilso-
vard. Fordelarna med preventiva hilsoinsatser sdsom PEP for HIV,
screening for cervixcancer och HPV-vaccination riskerar att under-
mineras av diverse utmaningar i form av svag struktur av hilsosek-
torn och andra hilsoproblem. Fortsatta studier behovs for att belysa
nyttan med PEP for hilsoarbetare och integrerad screening for HIV
och HPV samt utvidgad HPV-vaccination.

Edward Kumakech, School of Health and Medical Sciences, Orebro
University SE-701 82 Orebro, Sweden;

Email: edward.kumakech@oru.se alternatively kumakeche@yahoo.com
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INTRODUCTION

HIV/AIDS

Genome organization

HIV is a small of just over 9000 base pairs, roughly spherical, enveloped,
positive-stranded RNA virus [1]. The envelope contains viral glycoproteins
and is acquired by budding from the plasma membrane [2]. The envelope

surrounds a capsid that contains two identical copies of the positive-strand
RNA genome inside an electron-dense core [3].

@ Genomic Organization of HIV-1
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Figure 1. HIV-1 genome and the frameshifting region. The HIV-1 genome is
shown with an expanded view of the gag-pol transframe region, which includes the
elements important for ribosomal frameshifting. The frameshift signal is composed
of the heptameric slippery site and an RNA stem-loop structure. LTR, long termi-
nal repeat. Available at
https://web.stanford.edu/group/virus/retro/2005gongishmail/HIV-1b.jpg

Inside the capsid core are also a few copies of retroviruses-typical RNA-
dependent DNA polymerase (reverse transcriptase) and integrase enzymes
and two cellular transfer RNAs (tRNA) [3]. The tRNAs are base paired to
each copy of the genome to be used as a primer for the reverse transcrip-
tase.
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The genome consists of at least 3 major genes that encode polyproteins for
the enzymatic and structural proteins of the virus: gag (group-specific
antigen), pol (polymerase) and env (envelope) [1-4]. At each end of the
genome are long terminal repeat (LTR) sequences. The LTR contains
promoters, enhancers and other gene sequences for binding different cellu-
lar transcriptional factors [5]. HIV also encodes several regulatory pro-
teins [5-6].

The capsid is composed of several proteins cleaved from a polypeptide
encoded by the gag gene [7]. The viral enzymes are encoded by the pol
gene, including the protease, reverse transcriptase and integrase [8]. These
proteins are cleaved as part of the nucleocapsid assembly process. The
viral glycoproteins are produced by proteolytic cleavage of the polyprotein
encoded by the env gene [9]. In HIV, the glycoprotein is first produced as
a precursor gp160 which is cleaved into the gp41 and gp120 [10]. These
glycoproteins form lollipop-like spikes visible on the surface of the virion.
The larger of the glycoproteins (gp120) is responsible for the tissue tro-
pism of HIV [11-12] and is recognized by the neutralizing antibody [13].
The smaller subunit (gp41) forms the transmembrane component and
promotes cell-to-cell fusion [14-15]. The gp120 of HIV is highly glycosyl-
ated [16-17], and its antigenicity can drift during the course of a chronic
HIV infection [18]. Both of these factors impede immune clearance of the
virus [19-20]. Detection of these glycoproteins is a useful marker of infec-
tion.

Classification

HIV belongs to the retroviruses family and Lentivirus subfamily [21]. Len-
tiviruses are slow disease onset viruses associated with neurological and
immunosuppressive disease [21]. They are viruses with D-type cylindrical
nucleocapsid core [21]. HIV has been subdivided into 2 types namely
HIV-1 and HIV-2.

HIV-1 was zoonotic disease transmitted to man from chimpanzees in at
least 4 groups M-P, corresponding to the Chimpanzee virus about 20
years ago [22]. As a result of its spread and evolution in man, HIV-1
group M got distributed worldwide. And therefore HIV-1 group M has
been subdivided into subtypes A-K [23]. A higher prevalence of all sub-
types is found in sub-Saharan Africa, of subtype B in the Americas (both

20 EDWARD KUMAKECH HIV, HPV and Cervical Cancer Prevention in Uganda



North and South) and Western Europe, of subtype C is southern Africa
and India and of subtype A/E in Southeast Asia. HIV-1 group M subtype
C is worldwide the most prevalent HIV-1. Other HIV-1 groups N and P
are very rare standing at about 20 and 3 infected people respectively in
Cameroon. HIV-1 group O is prevalent in 0.1-1% of sexually active peo-
ple in Cameroon and neighboring countries of Gabon and Equatorial
Guinea [24].

On the other hand, HIV-2 which also bears all the hallmarks of lentivirus-
es and has similar biology as HIV-1 has its origin in sooty mangabey
monkeys in West Africa [25]. HIV-2 is also transmitted to humans in
groups A-H, of which groups A and B are the most prevalent and perhaps
the only pathogenic ones. The time of HIV-2 introduction to human is
very close to that of HIV-1, about 20+ years ago. HIV-2 is less virulent
than HIV-1 causing a chronic infection until signs of immunodeficiency
and AIDS develops, and is associated with lower rates of mother to child
transmission of about 2-7% [26]. The prevalence of HIV-2 infections in
some communities in Africa can reach 10-16% but is limited to West Afri-
ca, Mozambique, Angola and Southwest India [27].

Lifecycle

HIV replication starts from the binding of the viral glycoprotein spikes
(gp120) to specific cell surface receptor proteins [28]. The presence of
virus receptors and co-receptors is the determinant of the tissue and host
tropism of HIV [28].
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Figure 2: Lifecycle of HIV-1. Available at
https://www.cbs.umn.edu/bmbb/contacts/ioulia-f-rouzina.

The gp120 of HIV interacts with a specific epitope of the CD4 surface
molecule plus co-receptors such as CCRS and CXCR4 expressed on T-
helper lymphocytes and cells of the macrophage lineage (e.g. macrophages,
dendritic cells, microglial cells) [29]. HIV enters the cells by receptor-
mediated fusion of the envelope with the cellular plasma membrane [30]
as opposed to endocytosis [31].

Once released into the cytoplasm, the reverse transcriptase uses the virion
tRNA as a primer and synthesizes a complementary negative-strand DNA
[32]. At the same time, the reverse transcriptase-associated RNase de-
grades the viral genomic tRNA template, and then synthesizes the positive-
strand of the DNA [32-34]. During the synthesis of the virion DNA (pro-
virus), sequences from each end of the genome (U3 and US) are duplicated
which juxtaposes the long terminal repeats (LTR) to both ends [33-34].
This process creates sequences that are required for integration of the viral
genomic DNA into the host cellular genome and also enhancer and pro-
moter sequences to regulate transcription. However, the reverse transcrip-
tase is error prone. The error rate for HIV reverse transcriptase is approx-
imately 5 per genome. This genetic instability from reverse transcriptase
activity generates new strains of HIV during the course of an individual’s
disease [35], a property that may alter the pathogenesis of the virus and
promote immune escape.
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The reversed transcribed viral double-stranded DNA is then delivered to
the nucleus and preferentially integrates into subset of transcriptionally
active genes of the host chromosome with the aid of a viral-encoded, viri-
on carried-integrase and host cell cofactors [36-37]. HIV produces a large
amount of nonintegrated circular DNA (provirus) which is not transcribed
efficiently but may contribute to the pathogenesis of the virus.

Once integrated the viral DNA is transcribed as a cellular gene by the host
RNA polymerase II [38-39]. Transcription of the genome produces a full-
length RNA, which is processed to produce several mRNA containing the
gag, gag-pol, or env gene sequences [40]. The full-length transcripts of the
genome can also be assembled into new virion.

As a cellular gene, HIV replication depends on the efficiency of its tran-
scription. The efficiency of viral genome transcription and whether the
virus remains latent depend on the ability of the cell to use the enhancers
and promoter sequences encoded in the LTR region, the extent of methyl-
ation the DNA region, and the cells growth rate [41]. Stimulation of the
cell by mitogens, certain lymphokines or infection with exogenous viruses
(e.g. herpesviruses) produce transcription factors that also bind to the LTR
and can activate transcription of the virus.

Replication of HIV is regulated further by other viral proteins [42-46].
The expression of HIV proteins is regulated by as many as six gene prod-
ucts. The nef protein represses expression of all the viral genes that may
play a role in inducing latency. The tat is a trans-activator of transcription
of viral and cellular genes. The rev regulates RNA splicing and promotion
of export to cytoplasm. The nef, tat and rev genes produce proteins that
create a network of regulatory factors that control their own synthesis and
the synthesis of the virion’s proteins. Vif protein helps to initiate replica-
tion. Vpu protein facilitates release of virus and vpr protein is a transacti-
vator carried in virion.

HIV replication is also under cellular regulation, and activation of the T
cell by a mitogen or antigen also activates the virus [47]. The viral glyco-
proteins are synthesized, glycosylated, and processed by the endoplasmic
reticulum and golgi apparatus [48]. The glycoprotein is cleaved into a
transmembrane and surface regions and associates to form dimers or tri-
mers that migrate to the plasma membrane [48].
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The gag and the gag-pol polyproteins are first synthesized as fusion prod-
uct and then bind to two copies of viral progeny genome [49-50]. The
association of two copies of the genome and cellular tRNA molecules with
this aggregate triggers the release of the viral protease and cleavage of the
gag polyproteins [49-50]. This action releases the reverse transcriptase
plus its associated integrase and forms the virion core, which remains as-
sociated with the virion glycoprotein-modified plasma membrane [49-50].

The fully assembled virion buds (by exocytosis) from the plasma mem-
brane and simultaneously acquires its envelope and is released from the
cell as an infectious virion [51]. Alternatively, cell-to-cell spread of the
HIV is further enhanced by HIV envelope glycoproteins ability to induce
autophagy or apoptosis or cell-mediated cytotoxicity in the uninfected
standby T cells in addition to form multinucleated giant cells, or syncytia
[52-54]. Syncytia are fragile, and their lysis enhances the cytolytic activity
of the virus and also viral spread. The virus may also remain latent (non-
productive state) for long periods, but when activated in CD4 T cells or
macrophages, productive replication ensues. This activation may occur
after stimulation of the cell by an antigen or mitogen.

Pathogenesis and immunity

The major hallmarks of the pathogenesis and disease caused by HIV is
persistent inflammation, progressive depletion of CD4 expressing T cells
and macrophages and AIDS. CD4 T cells are the helper T lymphocyte cells
that once activated by antigens presented to them by dendritic cells play
roles in B cell activation for generation of specific or acquired immune
response and also CD8 T lymphocyte cell activation for generation of
specific cell mediated cytotoxicity (i.e. delayed type hypersensitivity reac-
tions).
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HIV induces several programmed cell-death pathways that may kill the
CD4 T cell or macrophages. These include apoptosis, autophagy, syncytia
formation and lysis and necrosis-like cell death [55-59]. A lot of data indi-
cate that HIV uses its envelope glycoprotein Env expressed on the surface
of the infected cells to trigger autophagy in the uninfected standby T cells
leading to their apoptosis [55]. Conversely, autophagy and apoptosis does
not occur in the HIV infected cells, a probably viral survival mechanism
[56]. The ability of HIV to kill the target cell correlates with the amount
of CD4 expressed by the cell [57]. Another theory for the cytolytic activity
of HIV is binding of HIV virions or the gp120 to CD4 molecules of unin-
fected standby T cells prevent its cell surface expression and immunologi-
cal function and promote cell-to-cell fusion leading to syncytia formation
and lysis [58]. There is also evidence that HIV infection not only triggers
apoptosis in uninfected standby CD4 T cells but also mediate necroptosis
(programmed cell death) in the infected producer CD4 T cells [59]. Unlike
apoptosis, necroptosis mainly occurs in HIV-infected cells and spares the
uninfected standby cells. Necroptosis occurs as an alternative programmed
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cell death mechanisms in the absence of apoptosis machinery and also is
partly involved in syncytia formation [59].

Macrophages are persistently infected with HIV. They may be spared the
cytopathic effect of HIV gp120 because they express lesser amounts of
CD4 than T cells [60]. Monocytes and macrophages are probably the
major reservoirs and means of distribution of HIV [61]. Circulating mac-
rophages, microglial cells of the brain, pulmonary alveolar macrophages,
dendritic cells, and other cells of the monocyte-macrophage lineage can
spread the virus and potentially contribute to HIV disease [62].

In addition to immunosuppressive disorders as a result of CD4 T cell de-
pletion, HIV infection is also associated with neurological abnormalities
[63]. Microglial cells from monocyte-macrophage lineage are the predom-
inant cell type of the brain that gets infected with HIV, but neurons and
glial cells may also be infected. HIV infected monocytes and microglial
cells may release neurotoxic substances or chemotactic factors to promote
inflammatory responses in the brain [64]. Direct cytopathic effects of the
virus on neurons are also possible.

Following recognition of the HIV infection by the host immune system,
innate immune response such as type 1 interferon, IL1, IL6, TNF alpha
and inflammatory cytokines and adaptive humoral immune response such
as neutralizing antibodies are generated against the gp120 protein, capsid
proteins, regulatory proteins and viral nucleic acid [65]. HIV infection
together with the innate immune response chronically active cells in the
lymphoid tissue including T cells, B cells and myeloid lineage cells [66].
HIV also chronically activates the cellular components (T and B cells) of
the adaptive immune system and this mediate antibody-dependent cellular
cytotoxicity (ADCC) responses [67]. Part of the ADCC is the generation
of CD8+ cytotoxic T cells against HIV-infected CD4+ cells. Other cell-
mediated and cytokine responses may suppress the replication of HIV and
promote latency following the initial acute phase of infection.

However, HIV especially HIV-1 has the ability to incapacitate the immune
system for example not inducing innate immune response in monocyte
derived dendritic cells, shield its immunogenic cDNA away from cytosolic
innate immune sensors, remain latent in lymphocytes, and alter its anti-
genicity allows the virus to escape immune clearance and prevents resolu-
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tion of the disease [66]. HIV establishes a latent and low-level chronic
infection in every infected individual [67]. A slow progressive decrease in
the levels of CD4 cells may precipitate immunodeficiency after long peri-
ods.

Activation of the CD4 T cells is one of the first steps in the initiation of
adaptive immune response. Helper T cells secret lymphokines and gamma
interferon (IFN-8) required for activation of macrophages, other T cells, B
cells and natural killer cells. When HIV kills CD4 T cells or makes them
dysfunctional, antigen-specific immune responses (especially cellular im-
mune responses) are incapacitated and humoral responses are uncon-
trolled [68]. HIV-associated depletion of the CD4 T cells responsible for
adaptive immune response allows the outgrowth of many of the AIDS-
associated opportunistic infections such as human papillomavirus (HPV)
and cancers such as cervical cancer [69].

HIV Acquisition and Transmission

HIV is usually present in the blood, oropharyngeal tissues and semen and
cervicovaginal fluids of the infected individuals [70-71] and therefore
serves as potential sources of HIV transmission. Therefore, HIV can be
transmitted from one person to another through non-sexual and sexual
means involving contamination with the above potential sources of HIV.

Non-sexual transmission

Occupational exposure to HIV infected blood and or body fluids: Occupa-
tional exposure to HIV presents a low but potential source of HIV infec-
tion [72-73]. Prospective studies of healthcare workers (HCWs) have esti-
mated the risk for HIV infection after an occupational exposure to an
HIV-infected blood to be 0.3% after percutaneous exposure and 0.09%
after mucous membrane exposure and without use of anti-retroviral drugs
for postexposure prophylaxis (PEP) [74-77]. The risk is considerably high-
er in cases of deep injury, visible blood on the sharp device, a procedure
that involves a needle placed in the patient’s artery or vein, and a patient
with advanced acquired immune deficiency syndrome (AIDS) [78]. The
susceptible groups for occupational exposure to HIV are of course HCWs
including nurses compared to other cadres of healthcare professionals
[76].
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The World Health Organization (WHO) estimates that 3 million percuta-
neous exposures occur annually among 35 million HCWs globally, corre-
sponding to 1000 new HIV infections from occupational exposure with
over 90% occurring in resource constrained countries [79]. This risk is
probably highest in sub-Saharan Africa and Asia where incidence rates as
high as nine exposures per health worker per year were reported [80-81].

The risk factors for occupational exposure to HIV among health workers
are well documented and consistent across literature from Africa, Asia,
Europe and America. The high-risk group or settings or circumstances for
occupational exposure include being a trainee like intern/registrar doctor,
a nurse-midwife and a surgeon; places like medical wards, intensive care
units and operating theatres; and medical procedures like emergency sur-
gery and Caesarean sections [82-86].

Literature is, however, scarce about the circumstances that predispose to
occupational exposure to HIV, particularly those from the affected health
worker’s perspectives. The available literature indicates the incorrect use
of needles, lack of safer needle holders and sharps disposal containers,
continued recapping of needles after use, lack of training for health work-
ers, long working hours of greater than 40 hours per week, failure to use
gloves when handling needles and the belief among health workers that
the risk of HIV sero-conversion from occupational exposure is low as the
most important predisposing factors to needle stick injuries [87-90]. More
50, a study conducted in Tanzania revealed insufficient measures to reduce
the risk of HIV transmission, e.g. nonfunctional water taps, lack of plastic
bags for disposal of medical wastes and shortage of gloves [80]. In Ethio-
pia, a study revealed the non-protective effect of work inexperience on
occurrence of needle stick injuries [91]. However, none of the above stud-
ies examined the relationship between each of the above factors and the
occurrence of occupational exposure to HIV in a cross-sectional survey
design. Other factors missing in the literature are the role of health work-
er’s level of training and concern about their personal safety during patient
care on the use of safety devices and the occurrence of occupational expo-
sure to HIV.

Intravenous drug use and sharing of syringes or needles: Sharing of con-

taminated syringe or needles is a common practice among intravenous
drug users. HIV transmission occurs during the sharing of syringes or
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needles for drug use. Globally, there are 16 million intravenous drug users
of which 3 million are HIV infected (i.e. 18.8%) mostly through sharing
of syringes or needles although intravenous drug users also engage in high-
risk sexual behaviors which facilitate HIV transmission between them and
different groups [92]. One systematic review concluded that the risk of
HIV infections was significantly higher among intravenous drug users than
among their counterparts who were not intravenous drug users [92].

Transfusion of blood, blood products and organ transplant: Before the
introduction of blood and blood product screening, individuals receiving
blood transfusions, organ transplants and hemophiliacs receiving clotting
factors from pooled blood were at high risk of HIV infection. One system-
atic synthesis study has estimated the per-act risk of HIV transmission to
be greatest for blood transfusion compared to other routes of HIV expo-
sure such as vertical and sexual intercourse [93]. This is a possibility be-
cause HIV infection is prevalent among blood donors for example a study
conducted in a hospital-based blood bank in Uganda in 1994 found 3.9%
of the donated blood to be infected with HIV more so among donors with
AB blood group [94].

Tattoo needles and contaminated inks: Tattoo needles and contaminated
inks are another potential route of HIV transmission. It is also possible
that tattooing and body piercing behaviors could be confounding other
high-risk behaviors for HIV transmission. In fact, a study conducted
among adolescent detainees found significant associations between tattoo-
ing and body piercing practices and alcohol, marijuana, antidepressants
and sedative use which are known risk factors for HIV transmission [95].
However, HIV is not transmitted by casual contact, touching, hugging,
kissing, coughing, sneezing, insects, water, food or utensils, toilets, swim-
ming pools, or public baths.

Sexual transmission

HIV is predominantly a sexually transmitted infection (STI). The per-act
and per-partner HIV transmission risks range from a low of 0.04% to a
high of 40.4% depending on the whether it was oral intercourse, anal
intercourse, vaginal intercourse, men sex with men or heterosexual inter-
course [96-98].
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Furthermore, the factors that facilitate sexual exposure to HIV include
early age at sexual debut, multiple sexual partners, and condom non-use
[99-103]. Studies among women and gay men respectively showed that
early age at sexual initiation was associated with an increased risk of HIV
infection [99-100].

Similarly, having multiple and concurrent sexual partners was associated
with an increased risk of HIV infection [101-102]. Other sexually trans-
mitted infections (STIs) particularly herpes simplex 2 (HSV) infection has
also been associated with an increased risk of HIV infection [101, 103].
On the contrary, consistent and correct use of male condom protects
against HIV in heterosexual sero-discordant couples by about 60-95%
although the most recent information showed 80% protection [104].

Vertical transmission

HIV can also be transmitted vertically from mother to child. Before the
introduction of combination antiretroviral therapy (cART), the risk of
mother to child transmission of HIV ranged from 12-45% and was influ-
enced by a variety of risk factors including advanced maternal HIV infec-
tion (high viral load, low CD4 count and AIDS diagnosis), prolonged rup-
ture of membranes, first twin birth, prematurity or low birth weight, cho-
rioamniosis, vaginal delivery, and maternal drug use such as opioids [105].
However, the use of cART has now reduced the risk of MTCT of HIV to
as low as 1-2% in many countries [106]. And the principal determinants
of the reduced risk are the maternal viral load and use of cART.

Co-factors for HIV infection

Gender: A systematic review has shown that HIV infections were more
prevalent among women than men [107]. Several factors increase women’s
vulnerability to HIV infection including biological, behavioral, socio-
economic, cultural and structural inequalities [108].

Age: The high risk groups for incident HIV infections include sexually

active young people aged 20-24 years compared to other age group and
women compared to men are disproportionally more affected [109].

30 EDWARD KUMAKECH HIV, HPV and Cervical Cancer Prevention in Uganda



Herpes Simplex 2 Co-infections: Genital herpes simplex 2 co-infection
increases the likelihood of acquiring HIV infection as well as its shedding
[110]. More so HSV 2 infection of B cells may induce HIV replication
from latently infected cells [111].

Syphilis: Studies have shown a positive association between syphilis and
HIV infections [112]. In fact, comorbid syphilis increases a person’s sus-
ceptibility of acquiring and transmitting HIV by 2-5 folds [113].

Pregnancy, child birth and breast feeding: In the absence of ART, preg-
nancy is associated with a small but appreciable increase in the risk of
acquistion and or progression of HIV infection at rates similar to high-risk
cohorts [114]. In fact, pregnancy, child birth and breast feeding are pre-
requisites for vertical and perinatal transmission of HIV. MTCT risks are
elevated among women with incident HIV infections during pregnancy
[115].

Hormonal contraception: Previous data do not support an association
between use of oral contraceptives and an increased risk of HIV infections
[116]. For injectable contraceptives particularly depot medroxyprogester-
one acetate (DMPA) however uncertainty persists with some studies show-
ing small to moderately increased risk of HIV acquisition for all women
using DMPA with a smaller increase in risk for women in the general
population [116-117]. For the rest of the hormonal contraceptives includ-
ing implants, most studies showed no significant increase in HIV risk
[116-117].

Male circumcision: Randomized controlled trials have shown that adult
male circumcision can reduce the risk of HIV acquisition by 60% in het-
erosexual men and may also provide indirect long-term benefit to women
which may start after complete wound healing [118]. However, systematic
reviews and meta-analysis revealed insufficient evidence that male circum-
cision provides direct protection against HIV or other STIs in women or
men who have sex with men [119-121].

Chlamydia trachomatis (Lymphogranuloma Venereum): Systematic re-

views and meta-analysis have shown a strong positive association between
Chlamydia trachomatis lymphogranuloma venereum and HIV infection
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although it is not yet clear whether the association is due to biological or
behavioral factors [122].

Trichomonas vaginalis and bacterial vaginosis: Previous studies have
shown a plausible association between vaginal infections such as
Trichomonas vaginalis and bacterial vaginosis and HIV infection. A sys-
tematic review has indicated that HIV incidence were significantly higher
among women with Trichomonas vaginalis and bacterial vaginosis com-
pared to their counterparts without those infections [123].

Alcohol use: Studies conducted in sub Saharan Africa has shown that users
of alcohol particularly heavy drinkers are more likely to be HIV positive
than non-users [124]. Similarly, alcohol use also increases the risk of HIV
acquisition [124]. The frequency or quantity of alcohol use was positively
associated with HIV prevalence and male alcohol users were more affected
than the female alcohol users [124]. It is very likely that use of alcohol
indirectly influence HIV acquisition risk and prevalence through high risk
sexual behaviors. In fact, many studies from Asia, Western and Sub Sa-
haran African countries have associated alcohol use with diverse sexual
risk behaviors [125-127] and also poor adherence and poor ART treat-
ment outcome [128].

Preexisting Human papillomavirus (HPV) infections: Accumulating evi-
dence including systemic reviews indicated that pre-existing genital HPV
infection increases the risk of acquisition of HIV infection. A recent sys-
tematic review indicated that HIV incident infection was significantly as-
sociated with HR-HPV infection in five of six studies and with LR-HPV in
two out of five studies [339]. A detailed discussion of the associations
between HIV/AIDS, HPV and cervical cancer is presented on the later
pages of this thesis under the integration of HIV, HPV and cervical cancer
prevention justifications.

HIV/AIDS Disease Burden — Morbidity and Mortality: HIV/AIDS is a
major cause of morbidity among adults globally and more so in develop-
ing countries. The prevalence of HIV among women aged 15-49 years in
Uganda increased from 7.5% in 2005 to 8.3% in 2011 [129]. In terms of
burden, between 2007 and 2013 the estimated number of people living
with HIV in Uganda increased from 1.2 million to 1.5 million, and 56%
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of the people living with AIDS were women aged 15 years and older
[129].

HIV/AIDS prevention
Universal precaution in healthcare settings

To prevent occupational exposure to HIV in healthcare settings, universal
precautions should be taken on blood and body fluids. Universal precau-
tion means all patient’s blood and body fluids should be assumed to be
infectious for HIV and other blood-borne pathogens [130]. Protective
wear (e.g. gloves, mask and gown) and other barriers should be used to
prevent exposure to body fluids and blood products [130]. Contaminated
surfaces should be disinfected with 10% household bleach, 70% ethanol
or isopropanol, 2% glutaraldehyde, 4% formalaldehyde, or 6% hydrogen
peroxide [130]. Laundry washing in hot water with detergent should be
sufficient to inactivate the virus [130]. However, compliance and effec-
tiveness of universal precaution measures against HIV and other blood
borne pathogens remains to be demonstrated. A systematic review has
showed that in many healthcare settings across the globe, healthcare
workers' compliance to the recommended universal precaution measures is
relatively poor [131]. In Uganda alike, no information was available on
healthcare worker’s compliance with universal precautions as a measure
for HIV prevention.

Post-Exposure Prophylaxis (PEP)

Post-exposure prophylaxis (PEP) with anti-retroviral drugs can reduce the
risk of HIV sero-conversion following occupational exposure to HIV. It
has been demonstrated that anti-retroviral drugs can reduce by approxi-
mately 81% the risk for HIV infection after an occupational exposure
[78]. Despite the effectiveness of PEP, reporting of exposure, uptake and
adherence to PEP can be very poor among healthcare providers [132-136].
At the time of this thesis, in Uganda, ART programmes with the capacity
to provide PEP services are available in many healthcare facilities but in-
formation were lacking on the factors influencing reporting of occupa-
tional exposures to HIV, uptake and adherence to PEP among healthcare
workers.
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HIV Testing/Screening

HIV testing/screening is an important HIV prevention strategy in that it
serves the dual purpose of providing an entry point to HIV educa-
tion/counseling and antiretroviral treatment (ART) programmes for those
who test HIV-positive. HIV testing/screening methods commonly used in
many countries including Uganda are serological methods (i.e. anti-HIV
antibody testing and antigen testing), reverse transcriptase-polymerase
chain reaction (RT-PCR) and T-lymphocytes cell count.

Serology

Enzyme linked immunosorbent assay (ELISA) or latex agglutination pro-
cedures are basic HIV screening tests. The ELISA test detects antibody to
one or more HIV envelope proteins (e.g. gp120), is sensitive up to 100%
but this poses a risk of false positive results (i.e. are less specific) [137-
139]. Therefore, more specific tests such as Western blot and immunofluo-
rescent assay (IFA) are subsequently used to confirm HIV seropositive
results from ELISA.

The Western blot assay determines the presence of antibody to each of the
viral antigens including the core protein (p24) and possesses up to 99.9%
specificity [137-139]. False-positive HIV results with this algorithm of
tests are extremely rare but may occur. In such situation, the test results
are often corroborated with clinical or other laboratory information or
repeated or supplemented. HIV antibody may develop slowly requiring 4
to 8 weeks in most patients but 6 months or more in as many as 5% of
those infected. Unfortunately, the aforementioned serological tests (ELISA,
Western blot) are unable to detect infections during this window period
and give potentially false negative results. Also, serological tests such as
ELISA may provide false-positive results to infants born to HIV-infected
mothers who carry HIV antibodies vertically transmitted to them from
their mother during intrauterine life but may not have the actual HIV
infection (RNA) [138]. Nevertheless, serological tests provide a basic
screening for HIV infection. Serological tests such as ELISA and Western
Blot are available in Uganda but in research laboratories only [140].
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Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR) Assays

HIV is detected by nucleic acid-based tests which quantify the viral RNA,
transcripts of reverse transcriptase activity and it convey information
about the viral load [141]. Viral load quantitation has become the major
prognostic marker for disease prognosis and outcome of antiretroviral
therapy in the treatment of HIV-infected individuals. The three major
methodologies for viral load quantitation: the reverse transcriptase-
polymerase chain reaction (RT-PCR; Amplicor HIV-1 Monitor Test,
Roche Diagnostic Systems, Pleasanton, CA), the nucleic acid sequence-
based amplification (NASBA; NucliSens HIV-1 QT Test, Organon Tekni-
ka, Bostel, The Netherlands); and a signal amplification methodology
termed branched chain DNA (bDNA) technique (Quantiplex HIV-1 RNA
test, Bayer Diagnostics, Emeryville, CA) [142]. Other commercially avail-
able nucleic acid-based tests for quantifying viral load include Cobas
TagMan, Abbott Real Time HIV-1, Versant HIV-1 RNA bDNA, Versant
HIV-1 RNA kPCR and ExaVir Load. In terms of performance, a recent
systematic review showed that all currently available HIV viral load assays
are of sufficient sensitivity to detect plasma viral load of 1000 copies/mL
as a threshold to initiate investigations on treatment adherence or possible
treatment failure [143]. Sources of variability between viral load assays
include differences in technology platform, plasma input volume, and
ability to detect HIV-1 subtypes [143]. RT-PCR is currently the gold-
standard for HIV diagnosis because it provides solution for HIV detection
in the window period and infants with passive HIV antibodies but their
clinical relevance is limited because of relatively poor reproducibility, es-
pecially for low copy numbers and unequal amplification dynamics for
different serotypes, high cost and complicated laboratory standards. RT-
PCR tests are available in Uganda and are being used for identification of
HIV-1 infected infants and young children using dried blood spot (DBS)
[144].

HIV core p24 antigen and p24 antigen-antibody assays

HIV may also be detected based on measuring the presence in serum or
medium of viral core p24 antigen. The core p24 antigen can be detected in
the lymphocytes of as many as 60% of patients with HIV infection and
indicates that active viral replication is occurring. This antigen is detecta-
ble during the initial acute phase of HIV disease and then disappears as
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the virus enters the late stage of infection, only to reappear years after
infection when AIDS stage has been reached and widespread viral replica-
tion resumed. Core p24 antigen testing is sensitive and specific in diagnos-
ing pediatric HIV infection, in predicting CD4+ T cell decline and clinical
progression at early and late stage of infection, and may be suitable for
antiretroviral treatment monitoring in both adults and children. Notably,
core p24 antigen was measurable even in patients with stably suppressed
viremia, and its concentrations were negatively correlated with the concen-
trations of CD4+ T cells and positively correlated with the concentrations
of activated CD8+ T cell subsets. Systematic reviews have concluded that
core p24 antigen is an excellent marker of HIV expression and disease
activity and can be used in the same fields of application as HIV RNA is
used [145]. The test is validated for both subtype B in the US and non-B
subtypes in sub Saharan African country with good sensitivity and speci-
ficity profiles [146]. The core p24 antigen Perkin Elmer assay currently
most often used has a sensitivity of 98.8% and a specificity of 100% (in
infants 6 weeks of age) and is less costly and less complicated than the
gold-standard PCR [147-148]. However, in clinical practice, plasma RNA
determinations are in general most widely used [149].

T-lymphocyte cell count

Analysis of T-lymphocyte subsets (particularly CD4 and CD8) can provide
an indication of an HIV infection but is mainly used for clinical follow up
of disease progression in already known HIV infection. CD4 T-
lymphocytes absolute count and the ratio of helper to inducer lymphocytes
(CD4/CDS ratio) are abnormally low in HIV-infected individuals. More
s0, the stage of AIDS disease is defined by the concentration of CD4 lym-
phocytes. World Health Organization (WHO) criterion for eligibility for
ART is based on CD4 count levels. Currently, two T-lymphocyte pheno-
typing technologies are available on the market namely flow cytometer
(single-platform technology, SPT) and flow cytometer/hematology analyz-
er (dual-platform technology, DPT). Systematic review of studies has
shown a strong correlation between DPT and SPT platforms regarding
their absolute and percentage CD4 count [150]. FACSCalibur, FACScount
and PIMA CD4 T cell counting system are respective examples of flow
cytometry-based DPT and SPT platforms in use in many low resource
settings including Uganda. FACScount and PIMA are smaller point-of-care
(POC) versions that generate both the absolute and percent CD4 plus or
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minus CD8 or CD3 counts. Using the DPT FACSCalibur as the gold
standard CD4 T cell count system, studies have shown that FACScount
CD4 T cell count system provides reliable absolute and percentage CD4
count using capillary or venous blood and are suitable for monitoring
adult and pediatric HIV infections in moderate — volume laboratories
[151-152]. Similarly, the PIMA CD4 T cell count system also provide a
reliable absolute or percentage CD4 count and can be used with capillary
or venous whole blood but is suitable for screening eligible adult HIV
patients for ART initiation in low-volume laboratories [151-153].

In Uganda, FACScount CD4 and PIMA CD4 count services have been
established in all public hospitals and Primary Healthcare Centers
throughout the country to support ART programmes in terms of ART
initiation and monitoring of HIV-positive patients [153].

HIV Rapid Diagnostic Tests (HIV RDTs)

Standard HIV testing algorithms comprising of ELISA followed with con-
firmatory Western Blot test for ELISA positive cases require advanced
laboratories and can take 1 week or longer and are therefore not scalable
in low income countries. Innovative and simpler algorithms comprising of
anti-HIV antibody Rapid Diagnostic Tests (RDTs) have been developed,
validated and are currently in use in many low income countries including
Uganda. The anti-HIV antibody RDTs currently available on the market
includes Alere Determine® HIV-1/2 (Alere Medical Co. Ltd US), Statpak
HIV-1/2 (Chembio Diagnostic Sys, US) and Uni-Gold™ Recombigen®
HIV-1/2 (Trinity Biotech PLC, US). Alere Determine™ HIV-1/2 is an im-
munochromatographic rapid diagnostic test for the combined detection of
anti-HIV-1/2 antibodies in human serum/plasma and capillary/venous
whole blood specimens. HIV 1/2 Stat-Pak® is an immunochromatograph-
ic rapid diagnostic test for the combined detection of anti-HIV-1/2 anti-
bodies in human serum/plasma and capillary/venous whole blood speci-
mens. Uni-Gold™ HIV-1/2 also is an immunochromatographic rapid di-
agnostic test for the combined detection of HIV-1/2 antibodies in human
serum/plasma and capillary/venous whole blood specimens. Blood sample
(venipuncture whole blood, fingerprint whole blood or serum or plasma)
may be used for the HIV test. WHO evaluation study has shown that sen-
sitivity and specificity of Alere Determine HIV-1/2 RDT were 100% and
98.7% respectively, that for Stat-Pak HIV-1/2 were 99.5% sensitivity and
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100% specificity and lastly for Uni-Gold™ HIV-1/2, the sensitivity was
99.8% and the specificity 99.9% compared to the reference assay results
[154].

In Uganda, the Ministry of Health allows both serial and parallel HIV
testing using the aforementioned HIV RDTs. In serial testing, a non-
reactive result on Determine HIV-1/2 RDT ends the testing but a positive
result is confirmed with Statpak HIV-1/2 RDT which ends the testing if
positive result is obtained. However, in cases of discrepancy or tie between
Determine HIV-1/2 RDT and Statpak HIV-1/2 RDT results, a third HIV
RDT Uni-Gold test is performed to obtain the final diagnosis. An evalua-
tion of this algorithm showed that if Stat-Pak was used as the first screen-
ing test for a serial algorithm, the sensitivity was 99.6% and specificity
was 99.7% but if Determine was used as the first screening test for a serial
algorithm, sensitivity was 97.3% and specificity was 99.9%. [155]. In
Uganda, the main stay for provision of HIV voluntary counseling and
testing (VCT) has been at health facilities. Home based VCT programmes
were later initiated in the country by various healthcare players to improve
on service coverage in a cost-effective way [156].

Oral Pre-Exposure Prophylaxis (PrEP)

Oral Pre-Exposure Prophylaxis (PrEP) is an HIV prevention approach that
involves the use of oral antiretroviral drugs (ARVs) before sexual contact
with an HIV-infected partner. It is recommended for use in recurrent high-
risk sexual relations such as HIV discordant couples. In fact, two candi-
date antiretroviral drugs (tenofovir and emtricitabine) have been identified
and phase 3 clinical trials conducted in Uganda and Kenya showed that
use of tenofovir compared with no use was associated with an 85% rela-
tive risk reduction in HIV-1 acquisition and use of emtricitabine plus
tenofovir was associated with an 93% relative risk reduction in HIV-1
acquisition [157]. When PrEP becomes available, injection drug users,
men who have sex with men (MSM) at substantial risk for HIV, and HIV-
negative partners within serodiscordant heterosexual couples are more
likely to benefit from this new biomedical HIV prevention method. Re-
garding acceptability of oral PrEP for HIV prevention, existing research
suggests that PrEP is reasonably acceptable to MSM in the US, but few
men thought it was necessary [158].
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Topical (vaginal or rectal) Microbicides Pre-Exposure Prophylaxis

Microbicides used as topical PrEP has the potential of preventing sexual
transmission of HIV. However, clinical trials based on compounds such as
nonoxynol-9 (N-9) known to inactivate the virus failed to prevent HIV
transmission instead N-9 enhanced susceptibility to HIV infection [159].
Similarly, many other formulations of microbicides based on compounds
that inhibit binding, fusion or entry of the virus into the host cell have also
failed to show either safety or efficacy for prevention of HIV transmission
[159]. Alike, microbicide formulations containing antiretroviral drug
Tenofovir gel for vaginal or rectal use have also shown conflicting efficacy
results, 39% level of protection compared to the placebo group in one
trial but none in another trial [159-160].

Highly Active Antiretroviral Therapy (HAART) for PMTCT

Mother-to-child transmission (MTCT) also known as vertical transmission
is the major route of HIV acquisition in children worldwide. MTCT of
HIV occurs during pregnancy, labor and breastfeeding. Strategies to re-
duce MTCT include maternal and infant use of ARVs or HAART, caesar-
ean section before onset of labor or rupture of membranes, and complete
avoidance of breastfeeding. Where these interventions are available, the
risk of MTCT of HIV has dropped to as low as 1-2%. In view of the fact
that ARVs or HAART of HIV-positive mothers reduces maternal viral
load thus minimizing the risk of MTCT of HIV, the WHO recommended
treatment of all HIV-positive pregnant mothers with option B HAART
comprising of Nevirapine (NVP) + Lamivudine (LMV)+ Zidovudine
(AZT) at the fourth week of gestation followed by an intravenous NVP
administration intrapartum and postpartum NVP syrup to the respective
infants for six weeks to achieve rapid PMTCT. Pre-post studies have
shown that option B HAART improves maternal CD4 count, reduces viral
load and prevent MTCT of HIV in 90% of children born to HIV-positive
mothers [161].

By 2010, the reported coverage of ART or HAART prophylaxis for
PMTCT in sub Saharan Africa was 60% [162]. In Uganda, HIV testing
and ART or HAART prophylaxis for PMTCT are targeted at all pregnant
women and HIV-infected women respectively attending health facilities or
from community outreaches. One study in Uganda has shown that HIV
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infections in children could be reduced by 28% by increasing HIV testing
capacity at health facilities to ensure 100% testing among women seeking
antenatal care and providing ART or HAART prophylaxis to all eligible
pregnant women would reduce MTCT of HIV by 18% [163]. The major
challenges to elimination of vertical transmission of HIV has been and will
remain low uptake, poor adherence and poor completion rates for
PMTCT services including antenatal care attendance, HIV testing and
ART prophylaxis.

Blood donor, blood product and transplant organ screening

Although a number of recent studies have confirmed that the residual risk
of HIV infection from blood and blood components is very small, progres-
sive donor screening measures are important in safeguarding blood supply
from HIV. World Health Organization (WHO) established a goal of re-
gional blood safety by 2012 through among others improved testing of
donor blood as well as appropriate clinical use of blood [164]. This im-
plied that blood, blood products and transplant organs should be tested
for HIV and those found positive for HIV must not be used. The tests used
for blood donor screening include the HIV antibody tests such as ELISA
and western blot but because these serological tests cannot detect HIV
infections during the window period (<12-14 days), the residual risks of
transfusion-transmitted HIV may remain within this diagnostic window.
Use of HIV nucleic acid amplification tests (NAT) for blood donor screen-
ing, the residual risk of transfusion transmitted HIV can be further de-
creased by up to 50% depending on the sensitivity of the NAT protocol
and whether it is an individual or pooled blood donations that are
screened [165]. However, in low income countries such as Uganda, NAT
has not been introduced in the public health sector and so screening of
blood donors for anti-HIV antibodies using either ELISA and Western blot
or HIV RDTs continues to be used and this carries residual risk of transfu-
sion transmitted HIV [166]. Another strategy for blood safety from HIV
could be ensuring individuals anticipating the need for blood such as those
awaiting elective surgery have donated blood beforehand.

Immunization and vaccination

Unlike many other viruses, natural infection with HIV does not result into
protective immunity against re-infection or disease progression since re-
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infections and progression to AIDS seems unavoidable. Trials of candidate
HIV vaccines to protect against HIV infections are ongoing. Only one
candidate vaccine has significantly reduced HIV-1 acquisition at a limited
efficacy of 31%, and none have delayed disease progression in vaccinated
individuals [167]. A desirable vaccine should elicit broad neutralizing an-
tibodies to prevent or reduce acquisition of the virus by adults and trans-
mission of the virus to infants by HIV-positive mothers and also should
sufficiently stimulate effective cytotoxic T lymphocyte (CTL) response to
block the disease progression in breakthrough infections.

Many approaches to HIV vaccine utilize viral envelope gp120 or its pre-
cursor gp160 as immunogen [168]. Specific epitopes and T-cell antigens
are also being investigated [168]. However, the development of HIV vac-
cine is faced with several problems unique to the virus for example the
antigenicity of the virus changes through mutation. The virus can be
spread through syncytia and also remain latent in an individual, hiding
from the antibody. HIV also infects and inactivates those CD4+ T cells
required to initiate an immune response. The candidate vaccine should be
able to elicit both humoral and cellular immune responses to the virus in
order to prevent sexual transmission of the virus (i.e. initial protection)
and such will be difficult to achieve with a single vaccine. Additionally, the
efficacy of the vaccines must be tested in human trials and a proper regi-
men of vaccination developed to elicit protective immunity. Also evaluat-
ing the success of the vaccine in limiting the spread and morbidity of HIV
infection will be difficult for example it is often difficult to differentiate
vaccine-induced sero-positivity from HIV-infection-induced sero-positivity
[169]. Long-term follow up will be required to monitor vaccine efficacy
and serologic responses albeit may not be sufficient to indicate success.

HIV Screening Services and Delivery Mechanisms in Uganda

HIV screening is the organized testing of people at risk of HIV infection
with the intention of early detection and linkage to treatment and care
programmes of the HIV infected persons. In Uganda, the available HIV
screening services delivery and access points include voluntary counseling
and testing (VCT), STI clinics, antenatal care (ANC)/PMTCT clinics, HIV
research participants enrolment/recruitment clinics, routine counseling and
testing (RCT) or routine testing and counseling (RTC) options within
clinical outpatient and inpatient departments of health facilities, blood
donation and screening clinics and ART clinics.
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Voluntary Counseling and Testing (VCT): Voluntary counseling and test-
ing is an organized HIV screening programme whereby members of the
general public are informed about risk of acquisition of HIV and those
who perceive themselves at risk voluntarily present themselves for HIV
counseling and testing. The HIV counseling is provided in 2 phases, at
pretest and posttest. And during the pretest and posttest counseling ses-
sions, information is given on risk factors for HIV infection, HIV preven-
tion methods and the role of HIV testing as a preventive option. VCT
programmes often have linkage to HIV treatment and care programmes
(ART clinics) to which they refer the HIV positive cases for treatment and
care. Therefore, VCT programmes target high-risk populations such as
discordant couples, pregnant mothers, youths including adolescents, drug
users, men sex with men (MSM), prisoners and widows and widowers
with the objective of early detection and treatment of the HIV infected
cases.

Many VCT programmes make use of the HIV RDTs because of the quick
turnaround time for results and hence the possibility of delivering the pre-
test counseling, HIV testing and posttest counseling services in a single
visit approach, eliminating the risk of loss to follow up of the positive
cases.

In Uganda, various delivery mechanisms have been employed by HIV
stakeholders to effectively deliver VCT services to high-risk populations.
This includes community-based standalone VCT clinics, health facility-
based standalone VCT clinics, VCT services integrated into antenatal care
(ANC) and maternity services, VCT services integrated into community-
based family planning clinics and VCT services integrated into communi-
ty-based youth center programmes. Some non-governmental organizations
(NGOs) and community-based organizations (CBOs) conduct mobile VCT
services door-door and or from social gathering facilities such as churches,
mosques, markets and schools.

STI clinics: Early diagnosis and treatment of sexually transmitted infec-
tions (STI) is another HIV prevention strategy in Uganda. In Uganda, syn-
dromic STI management services are available in almost all health facilities
countrywide. More so, in Uganda, VCT for HIV have been integrated into
STI management programmes such that suspicious patients seeking STI
treatment are opportunistically screened for HIV.
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Routine HIV counseling and testing (RCT): Routine HIV counseling and
testing (RCT) is another approach to counseling and testing for HIV in
Uganda. In RCT approach, all outpatient and inpatient departments of
health facilities approach patients seeking their services, counsel, obtain
voluntary consent and perform HIV testing on those interested. RCT has
been adopted by almost all health facilities in Uganda to improve access
and utilization of HIV counseling and testing services.

Routine HIV testing and counseling (RTC): Routine testing and counsel-
ing for HIV (RTC) is another approach to HIV counseling and testing
employed by selected health facilities in Uganda. In RTC approach, all
patients are tested for HIV infection as part of comprehensive medical
management and those found to be HIV positive are then counseled and
informed about their test results if they are interested to know. Those who
are not ready to receive their HIV results are given appointments for addi-
tional counseling sessions which can go on until they are ready for it.
However, regardless of patient’s consent, the HIV test result is used to
inform the medical treatment/management of the patient for whichever
disease they present with. The difference between RCT and RTC is that
RCT is voluntary HIV counseling and testing whereas RTC is not VCT,
the HIV test is done even before obtaining consent from the patient, it is at
the stage of receiving the HIV results when the patient’s consent is sought.
Therefore RTC is not the typical VCT we know of.

Blood donor screening for HIV: It has become standard practice in Ugan-
da to screen all blood donors for HIV. Blood banks at national and re-
gional referral hospitals are the entities responsible for donor screening.
Blood from HIV positive donors are not used to prevent transfusion
transmitted infections (TTIs).

Antiretroviral therapy (ART) clinics: In Uganda, ART clinics have been
established in almost all hospitals upto the level of primary healthcare
centers countrywide. The primary role of ART clinics is treatment of eligi-
ble HIV infected patients with antiretroviral drugs (ARVs). However,
ART clinics also provide VCT services mainly to family members, friends
and relatives of their HIV infected patients and new clients.
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HUMAN PAPILLOMAVIRUS (HPV) AND CERVICAL CANCER
Genome organization

Human Papillomavirus (HPV) is a circular, non-enveloped, double strand-
ed DNA containing virus belonging to the Papillomavirus genus and Papil-
lomaviridae family [170-171]. It is made up of about 8000 base pairs
(bps) in length organized into only eight genes situated in specific regions
called open reading frames (ORFs).
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Figure 4: Schematic presentation of the HPV genome showing the arrangement of
the early E or nonstructural genes, the capsid genes (L1 and L2) and the upstream
regulatory region (URR).

The ORFs include early (E) and late (L) regions and the upstream regula-
tory region (URR) [172]. The E region comprises of six genes namely E1,
E2, E4 and ES required for viral replication and the E6 and E7 genes or
oncogenes are required to maintain the cell-cycling state but also play a
role in transformational changes [172-173]. The L region comprises of 2
genes namely L1 and L2 that encode the major and minor capsid proteins
respectively, which encapsulate the HPV genome [172-173]. The URR
contains gene sequence that control transcription but does not code for
any protein [172-173].

Classification
Over 100 papillomavirus types have been isolated from mammals and

humans and they together form the Papillomaviridae family. Classification
allows for grouping and or subgrouping of the Papillomaviridae family
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into genus, species, types, subtypes and variants. Papillomavirus (PV) clas-
sification is based on phylogenetic criteria of relatedness in the nucleotide
sequence of its highly conserved L1 ORF gene [171, 174-176]. The pro-
cess of classification involves comparing the L1 ORF gene nucleotide se-
quence of the newly isolated PV with a reference gene sequence, quantify-
ing the magnitude of similarities or differences and graphically presenting
the relationships in what is called phylogenetic trees. Starting from the
center of the tree, the main branches also called genera share less than
60% of the L1 ORF gene nucleotide sequence and they are named by
Greek letters such as alpha, Beta, Delta, Gamma etc [174-176]. Species or
clades within a genus are a lower order of clusters of PV that share be-
tween 60% and 70% of the nucleotide sequence relatedness and consider-
able biological similarity [174-176]. PV types within a given species share
between 71% and 89% of the LI ORF gene nucleotide sequence i.e. they
differ by at least 10% and subtypes differ by 2% -10%. Finally, a PV var-
iant within a given type differs by 1-2% in their LI ORF gene nucleotide
sequence [174-176]. However, where there is greater intratypic variability
in the non-coding URR, variants may differ by as much as 5% [174-176].
Subtypes are very rare and presently they were reported for a few HPV
types such as 5, 8, 20, 34, 44, 54, 68 and 82. Each PV type is identified by
a number based on the order of their discovery [174-176].

The phylogenetic criterion has managed to classify the Papillomaviridae
family into 29 genera containing 189 papillomavirus types. Species within
genera are also numbered in Arabic numerals such as 1, 2, 3 etc. For ex-
ample, there are over 70 papillomavirus types belonging to the Alpha gen-
era which are clustered into 15 species numbered 1- 15.

Papillomaviruses that infect humans also called Human Papillomavirus
(HPV) incidentally are clustered in 5 genera namely the Alpha-, Beta-,
Gamma-, Mu- and Nu- papillomaviruses [174-175] and they together
contain more than 100 types. Of the over 100 HPV types that infect hu-
mans, about 40 types regularly or sporadically infect the cutaneous and
mucosal epithelial surfaces of the skin, respiratory and genital tracts [177].
Incidentally all of them (the HPV types associated with both cutaneous
and anogenital lesions such as warts and cancers) belong to the same gene-
rus, Alpha-papillomavirus [178]. Incidentally, all the HPV types that in-
fect the cervix belong to the alpha generus and species 1, 3, 5, 6, 7, 8, 9,
10, 11, 13 and 15 which together contains over 40 HPV types [175].
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HPV 16 and 18 the two commonest types associated with 70% of cervical
cancer (CC) worldwide belong to Alpha 9 and Alpha 7 respectively [179].
Similarly, HPV6 and 11, the two commonest types associated with ano-
genital warts (a form of cutaneous lesions) belong to the Alpha 10.
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Figure 5A: Classification of papillomaviruses. Phylogenetic tree based on L1 ORF,
including 118 different types from de Villiers et al 2004 [175].

Based on the potential to cause cancer (oncogenicity), HPV types from the
5 genera that infect humans are further classified into high-risk (HR) or
carcinogenic group 1 and group 2A possibly carcinogenic , moderate-risk
(MR) or probably carcinogenic group 2B and low-risk (LR) types or non-
carcinogenic by the International Agency for Research on Cancer (IARC)
[175, 180]. The HR-HPV types or the carcinogenic group 1 types include
HPV16 and 18 with their genotypic relatives 31, 33, 35, 39, 45,51, 52,
56, 58 and 59 and carcinogenic group 2A type which is HPV 68 are the
main types associated with cervical cancer globally. The MR HPV types or
probably carcinogenic types include HPV 26, 30, 34, 53, 64, 66, 67, 69,
70, 73, 82 and 85 [181]. A recent systematic review has suggested the
addition of HPV 26, 67, 68, 69, 73, and 82 to the Group 1 class since
these genotypes has been shown to be more present in invasive cervical
cancer (ICC) samples compared to in normal cytology [182]. The LR HPV
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types or non-carcinogenic types include HPV 6, 11, 40, 42, 43, 44, 54, 61
and 62. The LR HPV 6 and 11 are associated with genital warts and are
frequently associated with low grade squamous intraepithelial lesions

[175, 180].
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Figure 5B: Alpha Papillomavirus Disease Association and Genome Organisation.
Source: Doorbar et al 2013 [Reference 172].

A. The high-risk Alpha types have been clearly linked with the development of
squamous cell carcinoma (SCC) and adenocarcinoma (AC) of the cervix. IARC
category 1 and 2A HPV types are classified (respectively) as carcinogenic and
possibly-carcinogenic. Despite limited epidemiological data, the 2B classification is
proposed for types that are probably carcinogenic because of their close phyloge-
netic relationship with the established carcinogenic types. HPV types in category 3
are considered non-carcinogenic. The remaining types have not yet been classified
because of insufficient data. Types that are closely related evolutionarily (e.g.,
HPV16 and 31) can exhibit different degrees of cancer risk, which is thought to be
related to different protein functions and patterns of gene expression. HPV16 is
predominantly associated with SCC originating at the transformation zone and
HPV18 with AC of the endocervix, but both can cause cancers at either type of
tissue. Although cutaneous/mucosal classifications are not tight, the different Al-
pha species have tropism preferences which are indicated on the right.
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B. The genome organisation of HPV16 is typical of the high-risk Alphapapilloma-
viruses (including HPV18), and comprises a long control region (LCR) and eight
genes that are necessary for different stages of the virus life cycle. These genes
encode a larger number of gene products as a result of mRNA splicing. The LCR
contains binding sites for cellular transcription factors (e.g., SP1, AP1, Oct1), as
well as for the viral E1 and E2 proteins that control viral replication and gene
expression. HPV16 has two well-characterized promoter elements known as PE
(early promoter; also referred to as p97) and PL (late promoter; also referred to as
p670) that regulate the expression of differentially-spliced mRNAs during epitheli-
al differentiation (position 97 and 670 in the HPV16 genome denote the 5_ cap
site/RNA initiation site of viral transcripts). PAE and PAL indicate the positions of
the early and late polyadenylation sites within the genome.

HPV Lifecycle

The lifecycle of HPV starts by entry into epithelial cells. HPV preferably
colonizes mucocutaneous or cutaneous epithelia especially the proliferative
basal epithelium. It has been suggested that HPV access the basal epitheli-
um through naturally thin epithelial cells such as those in the transfor-
mation zone of the cervix in young women of reproductive age or through
micro lesions or abrasions in the epithelium produced during sexual con-
tact or other STIs [183]. Although the viral virulence factors, cellular re-
ceptors and molecular processes that facilitate initial attachment of the
HPV virions to the basal cells are still unclear but there are studies that
demonstrated that HPV virion gets adsorbed to Keratinocytes via mem-
brane-associated heparan sulfate and integrin receptors and intermediate
secreted into the extracellular matrix by the keratinocytes [184-186].
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After attachment, however, the HPV pseudovirion appears to be internal-
ized into the basal epithelial cells by endocytosis [187-189]. In the cytosol,
virus appears to reduce the PH environment of the cell resulting into dis-
ruption of intracapsomeric disulphide bonds in the endosomal membrane,
uncoating and possible release and movement of the viral DNA to the
nucleus of the basal cells along PH gradient [190-191]. In the nucleus,
the viral DNA is integrated into the host cell chromosome close to fragile
sites or cellular oncogenes [192-195]. Initially, low copies of about 1-10
virions are replicated and can persist in the basal epithelial cells in epi-
somal form for varying periods of time. Although the actual pattern of
viral gene expressions to facilitate integration, replication, assembly, mat-
uration and release of the viral particles is not yet well understood, it
seems the viral early genes E1 and E2 are expressed to maintain the viral
DNA replication in episomal form [196-197] at the same time the E4 and
ES amplify the viral friendly environment [198] and E6 and E7 are mini-
mally expressed just enough to enhance the proliferation of the infected
cells and their lateral expansion [199]. As the basal keratinocytes continue
to proliferate, the infected differentiating suprabasal cell’s E6 and E7 gene
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expressions are gradually upregulated to maintain the cells in proliferative
state, blocking the exit of the daughter cells from the cell cycle [199].
However, as the daughter HPV infected cells matures and migrates to-
wards the upper layers of the mucosa where cells reach the stage of termi-
nal epithelial differentiation, E1, E2, E6 and probably E7 genes expres-
sions are maximally upregulated, resulting in assembly, maturation and
release of the viral particles [200].

The mature HPV virions are then released during the desquamation or
sloughing of dead surface epithelial cells (koilocytes) and this serves as the
mechanism of dissemination. The aforementioned HPV life cycle represent
a complete productive cycle whereby progeny HPV virions are produced
and released from the HPV infected cells. Alternatively, the HPV life cycle
in the infected epithelial cells may enter into abortive cycle, which is re-
sponsible for severe and oncogenic outcome of the infection. In the abor-
tive phase, differentiating suprabasal epithelial cells become neoplastic,
there is increased epithelial thickening, cells appear immature, and are
expressing E6 and E7 proteins, increased integration of the viral genome
into the host cell’s genome [201].

Carcinogenesis

Over the years it has been noted that it takes about 15-20 years between
HPV infection and development of malignant transformation leading to
cervical cancer. The critical event in the malignant transformation caused
by HPV infection is the viral DNA integration into the host genome. HPV
DNA integration into the host cell chromosomes causes genomic instabil-
ity but ensures persistent replication and expression of the viral genes es-
pecially the oncogenes E6 and E7 in the basal and parabasal keratinocytes
[202-205]. The viral oncongenes E6 and E7 proteins inhibit two cellular
tumor suppressor genes namely p53 and Retinoblastoma (pRb) which are
required for disruption of the cell-cycle progression and apoptosis in re-
sponse to DNA damage respectively [206-207]. The oncogenic HPV E6
and E7 proteins are highly expressed in differentiating keratinocytes,
where they inhibit p53 and retinoblastoma (pRb) proteins, two important
transcriptional regulators. E6 inhibits p53, and E7 inhibits pRB. The net
effect is that these important cancer controlling genes are shut-off, encour-
aging persistent replication of the transformed and unstable genome. Cell
cycle without normal checks from p53 and pRb are proned to mutation
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and it is the accumulated mutations that promote carcinogenesis [208-
209].

HPV Immune Activation and Evasion

Cutaneous and genital HPV infections are very common but the immune
responses of the majority of the individuals clear the infection without any
overt clinical disease. The few who develop lesions, in most cases, are able
to mount an effective delayed cell-mediated immune response (adaptive
immunity) and the lesions regress. Failure to induce immune response
against HPV exposure could be due to inefficient activation of innate im-
munity and ineffective priming of the adaptive immune cells, which facili-
tates viral persistence, a key feature of high-risk HPV infections. In persis-
tent infection, however, antigen tolerance develops and host immune cells
become compromised. HPV antigen-specific effector cells are poorly re-
cruited to the infection focus and their activity may as well be down-
regulated [210]. In such a tolerant and immunosuppressive state, HPV-
infected neoplastic keratinocytes expressing high levels of E6 and E7 on-
coproteins are not killed and may progress to high-grade lesions and can-
cer ensues. Also, the infectious cycle of HPV itself is a mechanism for im-
mune evasion. Infections are localized without viraemia and very low lev-
els of viral proteins are expressed but crucially HPV is not cytolytic. Virus
replication and assembly occur in cells already destined for death by anoi-
kis or “death by natural causes”, there is no inflammation and no danger
signal to alert the immune system. The interferon response for HPV infec-
tion, a key antiviral defense mechanism [211], is actively suppressed with
the E6 and E7 proteins of the high risk HPVs inhibiting the interferon
receptor signaling pathways and the activation of the interferon response
genes [212]. The E7 proteins down regulate TLR9 [212] and overall HPV
effectively evades the innate immune response delaying the activation of
adaptive immunity.

Acquisition and Transmission
Non-sexual Transmission
Non-sexual transmission of genital HPV infection through modes like

skin-to-skin contact, fingers and sex toys are rare occurrence but have
been reported [213-214]. Similarly, vertical transmission of HPV infection

52 EDWARD KUMAKECH HIV, HPV and Cervical Cancer Prevention in Uganda



from mother to unborn child via the placenta during gestation or through
direct exposure to genital and cervical HPV lesions during child birth are
also rare occurrence but have been reported [215]. Non-sexual horizontal
transmission of HPV infection from parents to children is also possible
although rather rare. In preadolescent children, genital HPV infections are
considered as sign of sexual abuse despite the possibilities of the aforemen-
tioned non-sexual horizontal transmission.

Sexual Transmission

Human papillomavirus (HPV) is predominantly a sexually transmitted
infection (STI) and so share the same risk factors for STIs such as early age
at sexual debut, multiple sexual partners and non-condom use [216-218].

Young age at sexual debut was associated with an increased risk of genital
HPV infection [219]. A systematic review of several studies has also
shown that early age at sexual initiation was associated with an increased
risk of cervical cancer [220]. Similarly, the risk of genital HPV infection
increases with decreasing interval between menarche and first sexual inter-
course after controlling for other determinants of infection [221]. The risk
of genital HPV infection reportedly increases with both the men’s and
women’s number of lifetime sexual partners [222-224] although having
only one partner was also associated with HPV infection [225].

Literature was conflicting about the association between consistent use of
male condom and genital HPV infection. A systematic review of some
studies reported that consistent use of male condoms does not protect
from genital HPV infection [226] while others reported that consistent
male condom use provide partial protection against HPV. For example, a
prospective study of consistent use of male condom by couples [227] and a
meta-analysis of 20 published studies [228] both concluded that the risk of
genital HPV transmission and HPV-associated cervical lesions were re-
duced by consistent use of male condoms. However, due to the highly
contagious or infectious nature of HPV, the protective effect of condoms is
likely to be limited.

Literature was also conflicting about the association between male cir-

cumcision and genital HPV infection. Male circumcision was associated
with a decreased prevalence of penile HPV infection but partially protec-
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tive against new HPV acquisition in a prospective study [229]. Similarly, a
meta-analysis has found that male circumcision was associated with de-
creased odds of genital HPV prevalence but partially protective (about
35%) against new genital HPV acquisition, genital HPV clearance, or
genital warts in prospective design [230].

Co-factors of HPV infections

Several cofactors have been reported to directly or indirectly influence the
risk of genital HPV infection and they include age, HIV/AIDS comorbidi-
ty, other STIs comorbidity, cigarette smoking, pregnancy state, use of
hormonal contraception, use of vaginal lubricants and spermicides, and
genetic predisposition.

Age: A systematic review has shown that across studies, the global age-
specific HPV prevalence among females increases with an increasing age
with a peak at the age of <25 years [231]. However, among males, peak
HPV prevalence spanned a wide range of ages and was generally not con-
centrated in the younger age groups [232]. Generally, global age-specific
HPV prevalence first peaks at younger ages of <25 years and in the Ameri-
cas and Africa, the prevalence rebound at the age >45 years [233].

HIV/AIDS comorbidity: Systematic reviews and meta-analysis have con-
sistently indicated the increased risk of acquisition and progression of
HPV infections among HIV-positive women than their HIV-negative peers
[234-235]. The exact mechanisms by which HIV/AIDS comorbidity in-
creases the risk of HPV acquisition and progression is not well understood
but it could be through reactivation of silent HPV infections [236]. It is
also possible that the destruction of T helper cells (CD4 cells) and the
resultant immunosuppressive state (ISS) from HIV infection provides im-
mune unchecked environment for HPV infection and progression.

Other STIs comorbidity: Other STIs such as Chlamydia trachomatis (Ct)
have been associated with an increased risk of genital HPV infection [237-
238]. Herpes simplex 2 infection has also been associated with an in-
creased risk of HPV and cervical cancer [239-240]. For syphilis, a recent
clinical study conducted in Mozambique also reported a positive associa-
tion between syphilis infection and HPV infection [241]. It could be the
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resultant inflammations and micro abrasions in the genital tract from oth-
er STIs that allows HPV direct access to the susceptible basal epithelium.

Cigarette smoking: A systematic review of previous studies has shown
conflicting results regarding the association between cigarette smoking and
risk of HPV infection with some studies reporting a positive association
after controlling for sexual behaviors while others reporting an inverse
association [242]. Cigarette smoking may be masking other risk factors
although there was an evidence that tobacco-related carcinogens contained
in cigarette smoke directly damages the genetic materials of genital cells
increasing their susceptibility to HPV infection [243].

Pregnancy state: Previous studies were conflicting about the association
between pregnancy state and HPV infections with some studies reporting a
higher rate while other studies reporting the same rate of genital HPV
infections among pregnant women compared to their non-pregnant coun-
terparts [244-247]. In fact, a recent meta-analysis showed a significantly
increased risk of HPV infection in pregnant women, especially for those
aged <235 years [245]. Among pregnant women, HPV prevalence increases
with gestational age [244, 247]. The increased risk of genital HPV infec-
tions in pregnant women could be due to several physiological hormonal
changes during pregnancy such as increased secretions of uterine and ovar-
ian hormones particularly progesterone that has the potential to under-
mine the host immune response to new or reactivation of quiescent HPV
infections. Possibly, the anatomical change during pregnancy such as en-
largement of the ectocervix where the transformation zone is situated ex-
poses the susceptible basal epithelium to any viral particles in the genital
fluid [248]. Another aspect could be the Th2 type of immune deviation
during pregnancy which does not favor control of intracellular viral infec-
tions such as HPV [249].

Hormonal contraception: Previous studies were conflicting regarding the
association between hormonal contraceptive use (both ever use and pro-
longed use for 5 or more years), genital HPV infections and cervical cancer
[250-251]. A prospective study conducted in Thailand found that recent
and long duration use of combined oral contraceptives (COC) for more
than 6 years was associated with an increased risk of both any HPV and
HR-HPV infections but no similar association was observed for recent or
long duration use of progesterone-only contraceptives (depot medroxy-
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progestrone acetate) when compared to never users [249]. Similarly,
compared to never users, oral contraceptive use was associated with an
increased risk of cervical cancer [250]. On the contrary, data from Latin
America indicated that hormonal contraceptive use and duration of use
were not independent risk factors for high-risk HPV infection or high-
grade cervical cancer intraepithelial neoplasia [251].

Vaginal lubricants and spermicides: Use of vaginal spermicide containing
Nonoxynol-9 (N-9) has on the contrary been associated with an increased
risk of HPV infection (252]. This report about nonoxynol-9 containing
vaginal spermicides concurred with studies in mice model that also found
that N-9 greatly increased susceptibility to HPV infection but on contrary
Carrageenan, a polysaccharide present in some vaginal lubricants prevent-
ed genital HPV infections even in the presence of N-9 [253]. However, the
exact mechanism by which Carrageenan prevents genital HPV infection is
still unknown.

Genetic predisposition: Race and geographical locations (which are genetic
markers) have been associated with susceptibility and persistence of cer-
tain HPV types and variants. It has been demonstrated for example that
variants of HPV16 and 18 persists longer in a host whose race and ances-
tral geographical location matches that of the variant i.e. European vari-
ants persists longer in white women and similarly African variants persist
longer in African American women [254]. Other genetic markers such as
polymorphism of the p53 genes (tumor suppressor gene responsible for
cell cycle arrest) have also been associated with increased risks of certain
HPV infections in Asian population [255] although no association was
reported in the European population [256]. Similarly, Human Leucocyte
Antigen (HLA) the gene responsible for foreign antigen presentation to the
immune system polymorphism has also been associated with increased risk
and progression of HPV infections [257-258] although the specific alleles
varied between studies, supporting a genetic predisposition to cervical
cancer. Last but not least, full and half sibling studies have shown familial
aggregation of cervical cancer with higher risk among full siblings com-
pared to half siblings [259-260]. In fact, one study conducted in Sweden
has apportioned familiar risk for cervical cancer in full sibling into a herit-
able component accounting 64% and an environmental component ac-
counting for 36% [259].
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Pre-existing HPV infections: Studies have consistently reported that pre-
existing HPV infection of specific types appears to increase the risk of
acquisition of other HPV types [260-263]. One of studies found it was
pre-existing HPV16 infection that was associated with an increased risk of
acquisition of other HPV types over time [260-261] although one of the
studies reported that any type of pre-existing HPV infection is associated
with an increased risk of acquisition of any other type of HPV infection
overtime [262]. However, it is still not clear whether HPV types influence
each other’s infectivity and the cellular and molecular mechanisms in-
volved. Sexual co-transmission could be an alternative explanation where
the vector sexual partner e.g. the man was carrying multiple HPV strains
co-infections so that the victim is simultaneously exposed to multiple HPV
strains in a single sexual act.

Simultaneous exposure to multiple HPV strains carrying vector appears to
be insufficient to explain why pre-existing HPV infection is associated
with an increased risk of acquisition of HPV of other types. One emerging
theory seems to suggest that infection with the new HPV of other types
occur in a non-independent manner [262]. This theory of non-
independence of co-infections was supported by a report that indicated
that the odds of acquiring concurrent infections with HPV31, 39 and 45
was increased 11-18 times in women with pre-existing HPV 18 infection
than women without pre-existing HPV 18 type of infection [262]. Similar-
ly, the odds of acquiring a new infection with HPV type 58 was increased
by 5-7 times in women with pre-existing HPV 16 infections than those
without pre-existing HPV of that type [262]. The exact mechanisms by
which pre-existing types of HPV infections in a non-independent manner
influences the likelihood of infection with other types of HPV is not yet
well understood but could be through generation of cross-reacting or cross
neutralizing antibodies that act across a certain phylogenetically related or
unrelated HPV types and thus preventing their occurrence [263]. The gen-
eration of limited quantity of about 1% cross neutralizing antibodies
against certain HPV types 16, 31, 33 45, 58 and 59 in addition to type-
specific neutralizing antibodies by immunization of mice with L1 virus-like
particles (VLP) has been demonstrated [264].

Another explanation for the non-independence of concurrent or sequential

acquisition of different genital HPV types could be the endocytosis path-
ways they use to gain entry into the epithelial cells, whether they are
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shared or type-specific. This theory is supported by a report that some
HPV types use the same endocytosis pathway to gain entry into epithelial
cells while others such as type 16, 31 and 58 though phylogenetically
closely related use different endocytosis pathways to enter cells [266].
However, regarding the association between pre-existing HPV infection
and persistence of any other HPV types, literature consistently reported
that pre-existing HPV infection is not associated with persistence of any
other HPV types [260-261, 266].

Burden of HPV infections and Type Distribution

The global prevalence of HPV DNA infections in women without cervical
abnormalities stands in the range of 11-12% with higher rates in sub-
Saharan Africa (24%), Eastern Europe (21%) and Latin America (16%)
[267]. Worse affected regions were East Africa and the Caribbean where
prevalence over 30% have been reported. The most common high-risk
HPV type, HPV16, represented between 13% (in Africa) and 30% (in
West and Central Asia) of all HPV types in women with normal cytology
[268].
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Figure 7: HPV prevalence among women with normal cytology: meta-analysis
based on results from 1,016,719 women. Redrawn from Bruni L ez al. 2010 (Ref-
erence 267).

There is a relationship between HPV prevalence and age seen globally,
which shows peak prevalence in younger women (less than 25 years) with
a monotonic decline at older ages [269]. Type-specific HPV prevalence
data showed that the five most prevalent types worldwide were HPV16
(3.2%), HPV18 (1.4%), HPVS52 (0.9%), HPV31 (0.8%) and HPVS58
(0.7%) [269]. All other HPV types had a prevalence of 0.6% or less, in-
cluding HPV45 (0.5%), as well as HPV6 (0.5%) and HPV11 (0.2%) (the
two most prevalent types found in association with genital warts).

Globally, among women with cervical cytological abnormalities, HPV
prevalence increases with the severity of the lesion reaching around 90%
in women with cervical intraepithelial neoplasia grade 3 (CIN3) and inva-
sive cervical cancer [268]. And globally, the type-specific prevalence of
three commonest high-risk HPV types in women with abnormal cervical
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cytology particularly invasive cervical cancer (i.e. HPV16, 18 and 45) were
63%, 16% and 5%, respectively, of women with cancer [268].

In Uganda, HPV DNA prevalence among women of unchecked cervical
cytology stands in the range of 12.5-75.3% [270-271]. In terms of HPV
seroprevalence, the range was 17-57% [270]. The six commonest HPV
types among Ugandan women of unchecked cytology in order of decreas-
ing prevalence were HPV 52, 58, 16, 45, 18 and 66 with highest reported
type-specific prevalence of 14.2%, 7.5%, 7.5%, 5.1%, 3.5% and 3.0%
respectively.

Among Ugandan women with invasive cervical cancer (ICC), HPV DNA
prevalence ranges from 61.3-90.1% [270, 272-273]. In terms of HPV
sero-prevalence, the range was 9-27% [270]. The 5 commonest HPV
types among Ugandan women with ICC in the order of decreasing preva-
lence were HPV 16, 18, 45, 51 and 52 and their highest type-specific
prevalence were 47.4%, 35%, 9.7%, 1.9% and 1.3% [270, 272-273].

Similarly in Uganda, young women aged <25 years harbors the highest
HPV prevalence rates in the range of 60.0 - 75.3% [270-271]. Low-risk
HPV types 6 and 11 prevalence among Ugandan young women aged <25
years stands in the range of 15.5-24.7% and 13.3-16.3% respectively
[270-271]. Among Ugandan men aged 15-49 years, any HPV DNA preva-
lence stands in the range of 61.9-62.6% [270, 274].
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Figure 8: HPV prevalence among women with normal cytology by age
group (years). Shaded area reflects 95% confidence intervals. C: Caribbe-
an. Redrawn from Bruni L et al. [267].

Cervical Cancer Disease Burden

Human Papillomavirus (HPV) infection has been identified as a definite
human carcinogen for six types of cancer: cervix, penis, vulva, vagina,
anus and oropharynx (including the base of the tongue and tonsils). Cervi-
cal cancer, for which the HPV proportion attributable fraction is estimat-
ed to be 100% [275], accounted for 527 624 (86.9%) of the HPV at-
tributable cases with the other five cancer types accounting for the residual
80,000 cancers [276, 277].

Cervical cancer (CC) is the third commonest cancer among women global-
ly in terms of 5-year prevalence, with an estimated 527,624 new cases and
265,672 deaths globally in 2012, approximately 87% of the CC deaths
occurred in less developed countries [277]. In terms of 5-year prevalence,
globally, about 1.6 million women aged 15+ years are diagnosed with CC
every 5 years, which is second only to breast cancer [277]. In East Africa,
CC is the most prevalent cancer and the leading cause of cancer-related
deaths among women [277]. In Uganda, the age-standardized incidence
rate for CC was estimated at 44.4 per 100,000 women in 2012, which
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was one of the highest in the world [277]. Cervical cancer is the leading
cancer-related cause of morbidity among women in Uganda [278]. Sur-
vival from cervical cancer in Uganda is also not that good, with overall
and relative 3-year survival rates standing at 52.4% and 59.9% [279].
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Figure 9: Cervical cancer, global map showing estimated age-standardized (world
standard) incidence rate per 100,000 in 2008 (all ages). Data were based on GLO-
BOCAN 2008 [277].

Cervical Cancer Prevention
Cervical cancer prevention options or methods in the offing include HPV
vaccination, screening coupled with treatment for precancerous lesions

and HPV testing.

HPV vaccination

Human Papillomavirus (HPV) vaccines are virus-like particles (VLPs) de-
rived from the L1 capsid proteins of