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Abstract
As a result of the extension of life span produced by increasing access to combined 
antiretroviral therapy, people living with HIV/AIDS (PLWH) face new challenges from 
comorbidities. Although advances in medical care for HIV infection have dramati-
cally reduced opportunistic infections and AIDS-defining cancers, some non-AIDS-
defining cancers (NADC) and specific oral diseases such as periodontitis and salivary 
gland disease are now more prevalent. Cancer prevention is, therefore, a priority 
issue in care of PLWH, stressing both restoration of immune function and reduction 
of non-HIV cancer risk factors (tobacco in all its forms; areca nut; heavy alcohol con-
sumption; diets lacking antioxidant vitamins and minerals; and oncogenic virus infec-
tions) through specific interventions, especially tobacco and areca nut cessation and 
alcohol moderation. Detection of oral high-risk human papillomaviruses (HR-HPV) 
and the universal preventive HPV vaccination among PLWH should be promoted to 
reduce the malignancy burden, along with routine oral examinations which remain 
the cheapest, most reliable, most reproducible, and non-invasive tool to identify sus-
picious lesions. Also, considerations of oral inflammation and periodontal health are 
important to replication and gene expression of viruses in the mouth. Considering 
that a key risk factor for this scenario is the presence of oncogenic virus infection 
such as several members of the human herpesvirus and human papillomavirus fami-
lies, here we analyze the variables involved in the seeming increase in comorbidities 
in PLWH.
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1  | QUESTION 1:  WHAT ARE THE 
EPIDEMIOLOGIC AL AND CLINIC AL 
FE ATURES OF VIRUS-REL ATED OR AL AND 
OROPHARYNGE AL C ANCERS IN HIV-
POSITIVE SUBJEC TS WITH AND WITHOUT 
EFFEC TIVE COMBINED ANTIRETROVIR AL 
THER APY (c ART )?

Four decades after the HIV epidemic caught the attention of the world, 
it may be prudent to remind ourselves that the extensive list of AIDS-
defining illnesses permitted by immunodeficiency is still seen in many 
countries, although now much less common in communities with high 
uptake of modern cARTs, which allow immune reconstitution. It was 
striking at the 8th World Workshop on Oral Health and AIDS that in 
the host country, Indonesia, and in other low-/middle-income coun-
tries, these conditions are still presenting. Indeed, it is clear that delay-
ing the introduction of cART increases oral candidiasis, oral warts, and 
a range of HHV-induced diseases such as oral hairy leukoplakia (OHL), 
Kaposi's sarcoma (KS), and oral herpes simplex virus (HSV) infection, 
as shown in a cohort study from Haiti (Batavia et al., 2016).

In developed countries, malignancy has gradually become 
the leading cause of death in PLWH (Coghill, Shiels, Suneja, & 
Engels, 2015) and has been historically divided into AIDS-defining 
and non-AIDS-defining cancers, although the logic of this division 
is not apparent to some. Table 1 shows that these cancers all have a 
causative, oncogenic virus, although traditional risk factors also con-
tribute in most cases.

Similar questions regarding viral infections associated with oral 
diseases in the context of HIV were addressed at the 7th World 
Workshop in Hyderabad, India (Speicher et al., 2016). This empha-
sized the duty of the dental profession to screen patients for head and 
neck cancers (HNC) and therefore overviewed the range of human 
cancers caused by viruses, which has now been elaborated by the 
latest global epidemiological summaries (de Martel, Georges, Bray, 
Ferlay, & Clifford, 2020). Taking data available to the International 
Agency for Research on Cancer through collaborations with pop-
ulation-based cancer registries (the International Association of 
Cancer Registries) and with the World Health Organization, Table 2 
estimates the global burden of virus-related HNC at 2018 (Ferlay 
et al., 2018).

TA B L E  1   Etiological factors involved in different AIDS-defining and non-AIDS-defining cancers, estimated risk, and standard incidence in 
people living with HIV/AIDS

Viral etiology
Other etiological 
co-factors

Estimated increased 
risk in PLWH

SSI after cART in the 
USb 

Aids-defining cancers

Non-Hodgkin's 
lymphoma

EBV (HHV4) – >70 11.5

Kaposi's sarcoma KSHV (HHV8) – Several thousands 498

Carcinoma of uterine 
cervix

HR-HPV 16 & 18 (~70%) (Other HR: 
31, 33, 45, 52, & 58).

Low-risk HPV−6 & 11 cause ~ 90% 
of genital and oral warts, rarely 
become malignant)

Tobacco ~6 3.2

Non-aids-defining cancers

Non-small cell lung 
cancer

Not defined Smoking; indoor & outdoor 
air pollution

~3 2.0

Anal cancer HR-HPV – ~30 19.1

Hodgkin's lymphoma EBV – >10 7.7

Oral squamous cell 
carcinoma (SCC)

HR-HPVs in minority of cases Tobacco (smoked/
smokeless), areca nut, 
alcohol

– 2.2

SCC of oropharynx HR-HPVs in majority of cases Tobacco and alcohol – 1.7*2.9 (95% CI 0.5 –7)

Hepatocellular 
carcinoma

HBV, HCV Alcohol ~ 5 3.2

SCC of vulva HR-HPV – – 9.4

SCC of penis HR-HPV – – 5.3

Note: (Ferlay et al., 2018).
Abbreviations: cART, Combined antiretroviral therapy; PLWH, People living with HIV/AIDS; SSI, Standard Incidence.
aData derived inter alia (Vernon et al., 2016; Yarchoan & Uldrick, 2018). 
bData from Hernández-Ramírez et al. (2020) (1996–2012). 
cData for a Japanese cohort (1997–2015) (Nagata et al., 2018). 
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1.1 | Viral cancers remain a significant burden

Even on cART, the risk of HPV-related cancers remains significant, 
affecting all those sites in both sexes which are susceptible to HPV-
driven cancers: uterine cervix, penile, ano-rectal and oropharyngeal. 
Between 2001 and 2015, anal cancer rates in the United States, 
in both men and women combined, increased by 2.7% pa (95% CI 
2.1%–3.3%). Black men born from ~1986 are particularly at risk, as-
sociated with higher rates of HIV disease. Advanced anal cancer and 
rising mortality is affecting particularly older adults [annual rises of 
4.9% (95% CI 2.4%–7.3%) in those aged 60–69 years (Deshmukh 
et al., 2019). In respect of HPV-related oropharyngeal malignan-
cies among PLWH, despite the widespread availability of cART, it 
has been hypothesized that HIV-induced immunosuppression, aging, 
immune senescence, and HIV/HPV synergistic effects all contribute 
to the increased risk of malignancies observed in PLWH (Verma 
et al., 2017).

Conceivably, HIV-associated immunosuppression facilitates initial 
viral carcinogenesis (e.g., establishment of infection or early accumu-
lation of mutations) that is not reversed by immune reconstitution. 
Alternately, permanent alterations of the immune system that render 
the host susceptible to malignancy may be present but not detectable 
by CD4 count alone. Additional factors like chronic inflammation may 
independently contribute to carcinogenesis (Brickman & Palefsky, 
2015). A recent study (Zwane, Mohangi, & Shangase, 2018) analyzed 
1605 cases of HNC accrued at a Hospital in Johannesburg, with 389 
(24.2%) individuals confirmed to be HIV-positive (mean age: 38 years, 
SD ± 11.0), and of whom 52.3% were females. The likelihood of 
PLWH to be diagnosed with KS and non-Hodgkin's lymphoma (NHL) 
was significantly greater at 35.7% and 34.2%, respectively (p < .05), 
compared with any other cancer types.

1.2 | Persistent oral carriage of HPV

There is a clear “stepladder” effect of population prevalence of oral 
carriage of HPV (types unspecified) rising from ~8% in the gen-
eral population of the United States, through ~25% in PLWH, then 
among HIV-infected adults according to CD4 count up to 50%–70% 
in those with CD4 < 200 cells/mm3 (Beachler & D'Souza, 2013). A 
later systematic review by Ceccarelli et al., (2018) gathers the litera-
ture to that date but fails to present quantitative conclusions. Rate 
of clearance/persistence of oral carriage, and HPV type, will be criti-
cal in the relevance of the data, indicating the need for longitudinal 
studies and surveillance.

Data from a large Mexican cohort (Fernández-Dueñas et al., 
2019) showed that at before initiation of cART, prevalence of HR-
HPV in oral/oropharyngeal rinse samples was 12.6% (HPV-18:9%, 
HPV-16:3.6%). Surprisingly, at subsequent visits, HR-HPV preva-
lence rose to 19% (3-month visit) and 33% (6-month follow-up).

Somewhat paradoxically, Hagensee, Vazquez, Cameron, Lilly, and 
Fidel (2019) reported that in a cohort of 499 patients in New Orleans 
studied in 2000–2004, there was a prevalence of 4.2% for oral HPV-
16 infection [oncogenic] and 7.8% for HPV-32 [wart-associated]. The 
prevalence markedly increased in a smaller cohort (n = 110) enrolled 
from 2005–2009 to 15% and 16%, respectively, the latter correlat-
ing with a previously noted increase in oral warts. However, the most 
recent (2013–2018) and larger cohort (n = 553) showed a reduction 
of HPV-32 prevalence to 5.2%; HPV-16 dropped to extremely low 
levels at 0.4% with only two detectible HPV-16 infections in this co-
hort. This presumably reflects the efficacy of cART and/or behavior 
change: Such changes in the epidemiology of sustained carriage of 
HPVs are likely to be population specific. We have recently reported 
data from 910 Indigenous Australians recruited between 2018 and 

TA B L E  2   Worldwide estimated cases of head and neck viral-associated cancers in 2018

Total estimated cases 
worldwide in 2018

Number estimated to be caused by the infectious 
agent

HPV Squamous cell carcinoma of oropharynx 140,000 40,000 (but a higher proportion in many Western 
countries, where the oropharynx has overtaken 
the cervix as the most common HPV-related 
cancer)

Squamous cell carcinoma of oral cavity 280,000 (Note that the oral 
cavity is, worldwide, the 
most common site of head 
and neck cancer)

5,900 (A wide range of the proportion of “oral 
cancer” HPV-associated is reported in the 
literature, depending on whether the posterior 
third of the tongue and/or the palatine tonsils are 
included. This is also influenced by the detection 
method for a high-risk HPV genotype)

Squamous cell carcinoma of larynx 180,000 4,100

HCV Non-Hodgkin lymphoma (H&N lymph 
nodes often involved)

480,000 16,000

EBV (HHV4) Nasopharyngeal carcinoma 130,000 110,000

Hodgkin lymphoma (May involve neck 
lymph nodes)

80,000 40,000

Burkitt's lymphoma (Jaw involvement 
common)

12,000 6,600

HHV−8 Kaposi sarcoma (oral mucosa a common 
site)

42,000 42,000
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2019 (median age: 37 years; range: 18–82 years). Around one-third 
(35%, 95% CI: 32.2–38.4) of saliva samples were positive for any 
oral HPV (33.7% male, 36.1% female). The highest prevalences were 
HPV-13 and 32, associated with multifocal epithelial hyperplasia, or 
Heck's disease (Syrjänen, 2018) (22.7%; 19.0% male, 24.7% female), 
followed by HPV-16 and 18 (3.3%; 2.9% male, 3.5% female). Residing 
in a metropolitan location was associated with HPV types 16/18. 
Repeat screenings to estimate persistence are ongoing (Jamieson 
et al., 2020).

1.3 | Cancer screening

It is evident that virus-related HNC remains a significant problem 
in PLWH, everywhere in the world, irrespective of effective cART. 
The need for screening programs is evident and not all those at risk 
receive this. It has been shown that access to and delivery of cancer 
screening are related to social determinants of health (insurance sta-
tus, access to health care, education, income level) and that these 
barriers need to be addressed to improve cancer screening in PLWH 
(Corrigan, Wall, Bartlett, & Suneja, 2019).

2  | QUESTION 2 .  WHAT ARE THE ROLES 
OF CONFOUNDING FAC TORS AND 
COMORBIDITIES OF HIGH-RISK AND LOW-
RISK HPVS A SSOCIATED OR AL DISE A SES IN 
PEOPLE ON LONG -TERM ART?

Although the increased life expectancy among PLWH seems to be 
the key risk factor for acquisition of comorbidities nowadays (Burgi 
et al., 2005; Rubinstein, Aboulafia, & Zloza, 2014), the direct on-
cogenic effects of HIV, the chronic inflammation and coagulation 
processes induced by HIV, the long-term effects of antiretroviral 
toxicity, and the high levels of tobacco and alcohol consumption 
among PLWH are factors involved in the high levels of comorbidities, 
particularly in the development of malignancies (Borges et al., 2016; 
Kaplan-Lewis, Aberg, & Lee, 2017; Nagata et al., 2018). In devel-
oped countries today, non-AIDS-related conditions have become 
the leading cause of deaths among ART users in general, especially 
when PLWH are effectively virally suppressed (Coghill et al., 2015; 
Croxford et al., 2019).

To disentangle these complex interactions, first, it is necessary 
to consider the presence of HIV itself. The oncogenic effects of Tat, 
the HIV-transactivator protein responsible for both viral and cellu-
lar gene activation, have been evidenced both in vitro and in vivo. 
This acts through inhibition of p53 tumor suppressor, both at the 
level of p53 gene expression and through protein acetylation (Kim 
et al., 2008). It has been demonstrated that extracellular, biologi-
cally active HIV-1 Tat protein is taken up by human uterine cervical 
carcinoma cells, followed by upregulation of tumorigenic HPV-E6 
and downregulation of anti-tumorigenic p53, suggesting a link be-
tween extracellular Tat protein and the clinical aggressiveness of 

uterine cervical carcinoma in HIV/HPV co-infected women (Barillari 
et al., 2016). Furthermore, Tat promotes malignancy by interrup-
tion of DNA repair and by inhibiting apoptosis, permitting the pro-
liferation of transformed epithelial cells (Romani, Engelbrecht, & 
Glashoff, 2010). There is also evidence that Tat can enhance the 
transformation capacity of other oncogenic viruses, notably high-
risk genotypes of HPV (Brickman & Palefsky, 2015; Kim et al., 2008), 
as discussed below.

Also, besides HIV infection itself, the low CD4 counts and con-
sequent impaired immunological function facilitate the early ac-
cumulation of mutations (Pacheco et al., 2015). Sustained chronic 
inflammation contributes to the malignant transformation of epithe-
lial cells, independent of CD4 levels (Brickman & Palefsky, 2015).

Chronic inflammation also contributes to the development 
of lymphoid neoplasms in PLWH, due to the B-cell hyperactiva-
tion induced by HIV replication (Hunt, 2012). According to Marks 
et al., (2013), reduction of gut lymphocytes facilitates the translo-
cation of microorganisms through the mucosa, with chronic immune 
activation, including B-cell hyperstimulation, thus promoting NHL. 
Comparably, a prospective cohort study (Borges et al., 2013) showed 
that activated inflammation and coagulation pathways, mediated by 
high levels of IL-6, are significantly associated with increased cancer 
risk. Indeed, IL-6 has been described as an oncogenic cytokine that 
influences carcinogenesis at all stages (Grivennikov & Karin, 2011).

The benefits of combined cART seem not to include cancer pre-
vention, while some nucleoside reverse transcriptase inhibitors and 
CCR5 antagonists may increase cancer risk (Dubrow, Silverberg, 
Park, Crothers, & Justice, 2012). Overall, the beneficial effects of 
antiretrovirals on chronic inflammation, HIV replication, and immune 
function certainly exceed its potential toxicity (Franzetti, Ricci, & 
Bonfanti, 2019; Krishnan et al., 2011). The early initiation of cART 
could diminish cancer risk and slow the progression of malignancies 
(Borges et al., 2016; Hleyhel et al., 2015): The START randomized 
study carried out on 4,685 HIV-infected participants from 35 coun-
tries (Borges et al., 2016) showed that immediate initiation of cART 
lowered the risk of NADC by 51%, with older age and high CD8 
counts remaining the only independent predictors for development 
of malignancy.

The impact of lifestyle choices on the development of co-
morbidities, like the high rates of tobacco and alcohol use in 
PLWH, must be analyzed separately (Deren et al., 2019; Mdodo 
et al., 2015). Alcohol seems to be the most frequently used rec-
reational substance among older PLWH (Bensley et al., 2018), 
and heavy alcohol consumption rates in PLWH are twice that of 
the general US population (Galvan et al., 2002). The prevalence 
of alcohol use disorders is higher among PLWH than the national 
average (Crane et al., 2017), and there are higher morbidity and 
mortality at lower levels of alcohol consumption among HIV-
positive individuals compared with those who are HIV-negative 
(Edelman, Williams, & Marshall, 2018).

Tobacco smoking and alcohol are known agents of damage to 
oral epithelial cells: Multiple genotoxins in the former and the acet-
aldehyde derived from ethanol are mutagenic (Johnson et al., 2018). 
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There is also continuous pro-inflammatory activity, enhanced by the 
presence of HIV (Ceccarelli et al., 2018). Besides the high prevalence 
of smokers among PLWH (38%–50% in the United States compared 
to the general population older than 18 years of 18%–21%; p < .001), 
HIV-infected smokers are less likely to quit than HIV-uninfected 
smokers (Mdodo et al., 2015). The population-attributable fraction 
of tobacco as a risk factor for all cancers in PLWH is as high as 27%; 
also, when assessing all causes of death (both AIDS-related and non-
AIDS-related), mortality rates are five times higher in PLWH who 
smoke compared to those who do not (Brickman & Palefsky, 2016).

A key risk factor for the development of NADCs in PLWH is in-
fection with a known oncogenic virus, commonly HBV, HCV, HTLV1, 
EBV, and HR-HPV (Parka, Hernandez-Ramirez, Silverberg, Crothers, 
& Dubrow, 2016). HIV positivity is a consistent risk factor for HPV 
infection (King et al., 2016). A US-based longitudinal cohort study 
consisting of 1,230 individuals (Beachler, Sugar, et al., 2014) showed 
a high 2-year cumulative incidence of any type of oral HPV infection 
in PLWH of 34% compared with HIV-negative subjects at 19%.

Oral infection with low-risk (LR) types of HPV in PLWH varies 
among studies: HPV-6 has been reported in 1%–5% of subjects (King 
et al., 2015; Shiboski et al., 2016; Steinau et al., 2012), HPV-11 in 
0%–6% (King et al., 2015; Marais et al., 2008), and HPV-32 in 9.5%–
14% of PLWH (Cameron & Hagensee, 2019; Shiboski et al., 2016). 
In contrast, oral infections with HR-HPV are more common, HPV-
16 being found in 4.5%–18% of HIV + men than in a comparison 
group of HIV-negative men (0.8%–1%) (Ong et al., 2014; Van Aar 
et al., 2014).

Although Van Aar et al. (2014) found that incident oral HR-HPV 
was associated with a higher number of recent oral sex partners, the 
study from Ong et al. (2014) did not find any association between 
sexual behaviors and HPV detection, suggesting that the underlying 
host immunity may be of greater importance than sexual behavioral 
factors. Despite sexual behavior has been largely investigated in 
PLWH, the complex association with HPV, in the context of immu-
nosuppression, warrants further research.

Clearance rates of HR-HPV in PLWH vary from 22% (Fakhry, 
Sugar, D'Souza, & Gillison, 2010) to 81% (Beachler, Sugar, et al., 2014) 
within a year, independent of HIV status or HPV type (Beachler, 
Sugar, et al., 2014; Kreimer et al., 2013). In the shorter term, HR-HPV 
sequences can persist up to 6 months, only slightly more in PLWH 
than non-HIV subjects (48.5% and 30.8%, respectively) (Mooij 
et al., 2014), possibly as a result of the elevation of inflammatory cy-
tokines both in the context of HIV infection and related to the aging 
progression (Campbell et al., 2015). Being a smoker, elderly and male 
with HIV infection are the main factors associated with oral HPV 
persistence (Beachler, Abraham, et al., 2014; Beachler et al., 2015; 
Beachler, Sugar, et al., 2014; Kreimer et al., 2013), crucial data con-
cerning the role of HR-HPV persistence as a risk factor for oral and 
oropharyngeal cancer (Syrjänen, 2011).

The incidence of HPV + HNC in PLWH is 2 to 6 times higher 
than in the general population (Beachler, Sugar, et al., 2014; 
Younai, 2016), and PLWH have a higher risk of dying as a result of 
their cancer than HIV-uninfected patients, independent of cancer 

stage or receipt of cancer treatment; moreover, cancer-specific 
mortality was suggestively elevated for oral cavity and oropharynx 
cancer (HR: 1.31; 95% CI, 0.94–1.83) (Coghill et al., 2015). This is 
not only related to the advanced stage at diagnosis or the lack of 
specific oncological therapy but also as an effect of immunosup-
pression (Zucchetto et al., 2016). In this respect, in addition to its 
activity and favorable toxicity profile in many malignancies, treat-
ment with inhibitors of programmed cell death 1 and its ligand (PD-1 
and PD-L1) has demonstrated a direct effect on suppression of HIV 
persistence and inhibition of latency reversal (Puronen, Ford, & 
Uldrick, 2019). PLWH should be included in clinical trials of cancer 
immunotherapy, not only to improve the outcomes of their cancer 
but to provide novel insights into mechanisms of HIV elimination 
(Puronen et al., 2019).

Cancer prevention is a priority issue in the care of PLWH, stress-
ing both restoration of immune function and reduction of traditional 
cancer risk factors (tobacco/alcohol consumption and infection 
with oncogenic viruses). Oral physicians should provide tailored, 
specific interventions for tobacco and alcohol cessation, screen for 
HR-HPV carriage, and encourage universal HPV vaccination of all 
sexes as long-term strategies to reduce the burden of malignancy 
among PLWH. Routine oral examination remains the most reliable, 
economic, reproducible, and non-invasive tool to identify suspicious 
lesions: Prospective studies examining the efficacy and cost-effec-
tiveness of such programs in PLWH are needed.

3  | QUESTION 3.  WHAT ARE THE 
MECHANISMS OF MOLECUL AR SYNERGY 
BET WEEN HPV AND HIV IN THE PRESENCE 
AND ABSENCE OF c ART?

Oral HPV will remain a challenge in the context of HIV and cART. 
As we consider the mechanisms of molecular synergy between 
HPV and HIV, there are multiple modifiers of oral HPV persistence 
demonstrated in vitro, in silico, and in vivo, essentially HIV pro-
teins, cART, vaccination, systemic inflammation, oral bacteria, and 
epigenetics.

There is sufficient evidence that HIV proteins can directly im-
pact oral HPV pathogenesis. Accordingly, the expression of Tat 
and gp120 HIV proteins in the mucosal epithelium was correlated 
with the disruption of epithelial tight junctions, and promotion of 
increased paracellular penetration of HPV pseudovirion into basal/
parabasal epithelium within tonsillar crypts (Tugizov et al., 2013).

Since it is well-known that oral HPV infection is more com-
mon in HIV-infected than uninfected individuals (Beachler, Sugar, 
et al., 2014; Parisi et al., 2019) and that PLWH with viral suppres-
sion develop significantly higher systemic antibody responses to 
HPV-16 and HPV-18 than individuals without suppression of their 
HIV (Pinto et al., 2019), the frequency itself provides limited ev-
idence if we do not consider the three hallmarks that define the 
clinical course of any HPV infection: integration, persistence, and 
clearance.
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The persistence of HPV-DNA infection plays a central role in 
carcinogenesis: Thus, persistence of oral HR-HPV in the cART 
context suggests potential for future oral malignancy. In PLWH 
initiating cART, effective immune control on oral HPV is not re-
constituted by 24 weeks, so an increase in the rate of detection of 
oral HPV between 12 and 24 weeks is observed, despite changes 
in the absolute CD4 cell count and control of HIV replication 
(Shiboski et al., 2016).

The significance of persistence is the subsequent integration 
of viral HPV-DNA in the host cell. There is no evidence that HPV 
prefers fragile sites, in contrast to HIV and other integrase-de-
pendent elements which have preferred sequence motifs at their 
integration sites. Given the ability of some oral bacteria to fa-
cilitate open chromatin-activating epigenetic marks, chromatin 
modifications mediated by bacterial pathogens may also facilitate 
integration (Doolittle-Hall, Cunningham Glasspoole, Seaman, & 
Webster-Cyriaque, 2015).

It is noticeable that immunologic differences between individu-
als may influence oral HPV clearance, possibly due to the influence 
of pro-inflammatory cytokines on HPV transcriptional activity. In 
PLWH, some inflammatory cytokines such as TNF-α, IL-1, and IL-2 
are associated with reduced oral HPV clearance, regardless of CD4 
counts, explaining why some individuals may be at increased risk for 
persistent oral HPV (Lam et al., 2016).

HIV and oral HPV persistence has been modeled mathemati-
cally, predicting that the timing of viral clearance is determined by 
the timing of HPV co-infection and CD4 levels: If cART is started 
shortly after HPV infection, HPV will expand and will not be con-
trolled in the 24 weeks of cART, supporting that immunosup-
pression may play a role in the reduced clearance of HPV (Verma 
et al., 2017).

In relation to the impact of HPV vaccination on oral HPV, we 
consider that routine screening and preventive vaccination against 
HPV in PLWH should be carefully considered in the cART era. A 
phase 3 trial (A5298) of the quadrivalent HPV (qHPV) vaccine in 
HIV-positive men who have sex with men, and in women, found 10% 
of oral infection with any qHPV (4-valent) type, and 20% with any 
9vHPV (9-valent) type (Cranston et al., 2018). While trial A5298 did 
not support HPV vaccination for HIV + adults to prevent new anal 
HPV infections, data did suggest a role for prevention of oral HPV 
infections, with a vaccine efficacy of 88% (95% CI: 2%–98%, p = .02). 
Countries should, therefore, consider the likelihood of preventing 
HPV-associated oropharyngeal cancer when deciding HPV vaccina-
tion policy for boys (Wilkin et al., 2018).

While there is considerable interest in development of poten-
tial therapeutic vaccines against HPV-related cancers, none are yet 
licensed (Garbuglia, Lapa, Sias, Capobianchi, & Del Porto, 2020). 
Several of these act by enhancing T-cell immune responses, which 
is clearly a challenge in PLWH. Several target the E6 and/or E7 
oncogenes of HR-HPVs, and our group has recently shown in vivo 
CRISPR/Cas editing to be effective in downregulating their function 
(Jubair, Fallaha, & McMillan, 2019) and that the effect is enhanced 
with drugs acting on aurora kinases (Shaikh et al., 2018).

4  | QUESTION 4:  WHAT ARE THE 
IMPAC TS OF HUMAN HERPESVIRUSES 
AND THEIR A SSOCIATED OR AL DISE A SES 
ON HIV-POSITIVE SUBJEC TS WITH AND 
WITHOUT EFFEC TIVE ART?

Virus-related oral diseases and malignancies remain a challenge in 
PLWH regardless of cART, and although there is decreased overall 
prevalence, they remain a clinical problem. A recent systematic re-
view determined that OHL, a pathologic manifestation of permissive 
Epstein–Barr virus (EBV) infection, remains a challenge in the United 
States and the UK. Also, LR-HPV-related oral warts often present 
with the initiation of cART, and HIV salivary gland disease, associated 
with BK polyomavirus (BKV), is increasing in the developing world (El 
Howati & Tappuni, 2018; Jeffers & Webster-Cyriaque, 2010).

In recent studies during the cART era from across the globe, 
oral lesions persist with significant prevalence: OHL (1.2%–16% of 
PLWH), EBV-related lymphoma (up to 4%), oral KS (1%–10%), HSV 
and/or CMV-related oral lesions (1%–16%), varicella-zoster-related 
herpes zoster (8%), BKV-related HIV salivary gland disease (up to 
11%), HPV-related oral warts (10%), and HPV-related HNC (4%). 
Likewise, oral HSV vesiculo-ulcerative disease remains a challenge, 
still, in the era of cART. Oral gammaherpesviruses are readily de-
tected in the mouth regardless of cART status. Of interest, in trial 
A5254, EBV and KSHV shedding continued at about the same rate 
regardless of CD4 count or HIV-viral load (VL) with EBV shed at 
high rates (77%–87% of subjects), and KSHV at relatively low rates 
(3%–7%). Oral CMV shedding did decrease, from 50% to 10%, with 
improved immune status and HIV suppression. In contrast, HSVs 
were more associated with immune suppression and were detected 
only at low CD4 and high HIV-VL (n = 307) (Dittmer et al., 2017). 
Likewise, systemic detection of EBV-DNA load was associated with 
HIV-VL and, similar to the oral cavity, there was persistent combined 
detection of EBV and KSHV regardless of HIV virological control but 
not for CMV (Basso et al., 2018). A Ugandan study demonstrated 
that regardless of HIV status among the herpesviruses, higher oral 
EBV-VL was detected in both mothers and children than HSV, CMV, 
and HHV6, respectively: In this study, HIV was a risk factor for en-
hanced oral EBV shedding and higher EBV load in mothers, with VL 
comparable to that seen in child primary infection, suggesting an 
HIV-related immune deficit in the ability to control EBV infection 
(Matrajt et al., 2017).

4.1 | Herpesviruses, inflammation, and HIV

In addition to the more or less discrete morbidities associated with 
these oral lesions, these herpesviruses are implicated in poor inflam-
matory outcomes in PLWH. Herpesvirus-infected cells in PLWH 
are recognized by antigen-specific T and B cells, and herpesviral 
products bind to pattern recognition receptors (Klatt, Funderburg, 
& Brenchley, 2013). EBV is a potent inflammatory driver: EBV rep-
lication leads to higher IFNγ, neopterin, IL-6, IL-10, and IL-18 levels 
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and to increased TNF-α expressing CD8 + T cells (Wada et al., 2013). 
EBV-linked immunodeficiency diseases are characterized by chroni-
cally activated CD8 cells and impaired NK cells (Wada et al., 2013). 
EBV gene products can be pro-inflammatory, the secreted lytic EBV 
dUTPase induces TH1/TH17 cytokine secretion (Ariza, Rivailler, 
Glaser, Chen, & Williams, 2013), and EBV LMP1 is strongly linked to 
inflammatory cytokine activation (Webster-Cyriaque, Middeldorp, 
& Raab-Traub, 2000). In HIV, strong associations were detected 
between high systemic EBV-VL and higher levels of LPS and pro-
inflammatory cytokines (Petrara et al., 2012). In a separate study of 
subjects on effective ART, lowered EBV-VL in PLWH on cART was 
linked to control of immune activation, lower systemic levels of mi-
crobial nucleic acid, LPS, and soluble CD14 (Petrara et al., 2017).

4.2 | Periodontal disease (PD), herpesviruses, and 
inflammation in the setting of HIV

Persistent immune activation and inflammation are strong independ-
ent predictors of morbidity and mortality in HIV disease (Douek, 2013). 
The oral microbiome is a key mediator of inflammation and opportun-
istic oral viral infections, two major contributors to immune activation. 
Although our knowledge of gut microbial translocation and associated 
systemic inflammation in HIV has advanced significantly in the past 
decade, fundamental aspects of the other sources of inflammation re-
main poorly understood (Dillon et al., 2016). While the mouth is the 
most proximal part of the gastrointestinal tract (GIT), its contribution 
to systemic inflammation is not fully appreciated, and specifically, PD 
inflammation as an inflammatory source in PLWH is not well under-
stood. Despite this knowledge gap, recurrent themes central to both 
PD and HIV immune activation have been identified: (a) translocation 
of pathogenic microbiomes and bacterial product via the rest of the GIT 
and the bloodstream, and (b) co-infection with persistent opportunistic 
herpesviral pathogens, such as EBV, that are potent inflammatory driv-
ers (Lederman, Funderburg, Sekaly, Klatt, & Hunt, 2013). There is gen-
eral agreement that completely quietening all sources of inflammation, 
including the two above PD-associated factors, is critical to immune 
reconstitution in the HIV host (Douek, 2013); yet, local oral inflamma-
tion as an inflammatory source in PLWH remains poorly defined. The 
etiopathogenesis of periodontal disease is characterized by a dysbiotic 
subgingival microbiome in which a number of specific microorganisms 
seem to be especially important: these include Porphyromonas gingi-
valis [Pg], Fusobacterium nucleatum [Fn]), and herpesviruses. PD is an 
inflammatory disease that disproportionately affects PLWH, with a 
prevalence up to 75% (depending on the disease threshold applied: 
Tonetti, Greenwell and Kornman, 2018) in PLWH compared to 47% in 
the US adult population (Burger-Calderon, Smith, Ramsey, & Webster-
Cyriaque, 2016; Eke et al., 2015). Regardless of the length-of-time fol-
lowing a diagnosis of HIV, across a range of 1–25 years, severe PD was 
detected (Burger-Calderon et al., 2016; Valentine et al., 2016). Thus, 
PD is very common in PLWH, and while some studies have shown more 
severe disease with lower CD4 cell counts, it is not solely a sequela 
that presents at specific CD4 thresholds. Despite the knowledge that 

PD-related systemic inflammation impacts many disease processes 
(Katz, Wallet, & Cha, 2010; Tonetti & Van Dyke, 2013), aspects related 
to periodontal inflammation and microbial translocation in PLWH are 
poorly understood.

Globally, herpesviruses are consistently detected in periodontal 
disease, EBV more so than HSV and CMV (Naorungroj et al., 2017; 
Slots, 2015). The mean EBV prevalence was 45% in “severe” peri-
odontal disease, 32% in “chronic” periodontal disease, and 7% in 
healthy periodontium (Slots, 2015). In a recent meta-analysis, EBV 
was highly associated with “chronic periodontal disease” compared 
with other herpesviruses (OR = 5.74 p < .001) (Zhu et al., 2015). In the 
context of periodontal disease in PLWH, EBV (70.4%) and Tannerella 
forsythia (51.8%) were found more in subgingival plaque and saliva 
(81.5% and 40.7%,) versus in blood (22% and 0%, p < .005), and Pg 
was more frequent in subgingival plaque (77.7%; p < .0001) (n = 27). 
In PLWH with gingivitis, Pg and CMV presented higher frequency 
in subgingival plaque (95.6% and 91.3%, respectively (p < .0005), 
and Tannerella (47.8%) and EBV (78.3%) were detected in subgingival 
plaque and saliva (52.2% and 52.2%, p < .005) (Grande et al., 2011). 
Interestingly, HIV-positive children with gingivitis attending a den-
tal school in Rio de Janeiro demonstrated similar low levels of HSV 
compared to HIV-negative children with gingivitis (6.2%), twice as 
much CMV (25% vs. 12.5%), with no EBV or varicella-zoster virus 
(Otero et al., 2015).

The systemic relationship between herpesviruses, the overall mi-
crobiota, and poor inflammatory outcomes in HIV is clear: The above 
studies suggest bacteria-driven herpesviral infections characteristic 
of periodontal disease in PLWH may augment systemic inflammatory 
outcomes. With an aging population, up to 75% prevalence of peri-
odontal disease in PLWH (Valentine et al., 2016), higher prevalence 
of periodontal pathogens in aging PLWH, and consistent association 
with herpesviral infection, perhaps periodontal disease should also 
be viewed as a herpesviral disease in the context of HIV that will 
worsen with age. Herpesvirus-related inflammation in periodontitis 
in PLWH can contribute substantively to overall microbial transloca-
tion of bacteria into the bloodstream, leading to a more direct pic-
ture of systemic inflammation than in HIV-negative individuals.

5  | RECOMMENDATIONS FOR FUTURE 
OR AL HIV RESE ARCH REL ATED TO C ANCER 
IN PLWH

• Epidemiologic monitoring of cancer incidence among PLWHA 
needs to be current, comprehensive, and accurate. Differences by 
country and therapeutic regimen need to be identified.

• There is an urgent need for establishing screening and preventive 
strategies for HNC in PLWH, including specific interventions for 
tobacco and alcohol cessation, screening for HR-HPV carriage, 
and encouragement of universal HPV vaccination.

• There is a need for reliable biomarkers of cancer risk. Presence of 
sustained HR-HPV in the mouth and pharynx represents a useful 
tool to predict malignant transformation in HIV patients.
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• Considerations of inflammation and oral/periodontal health are 
important to oral HPV replication and gene expression, along with 
the presence of another oncogenic virus infections such as HSV 
and EBV.
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