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Abstract

Objective—To determine the effect of the introduction of combination antiretroviral treatment 

(cART) in the HIV-1 infected US population on the epidemiology of Kaposi’s sarcoma 

herpesvirus (KSHV).

Design, setting and participants—We investigated the epidemiology of KSHV in 5022 

HIV-1-infected, antiretroviral naïve US persons participating in six AIDS Clinical Trials Group 

(ACTG) randomized clinical trials, and followed in a long-term cohort study. We tested the first 

and last available sera of each participant for antibodies to KSHV K8.1 and ORF73.

Main outcome measures—We studied prevalence and incidence of KSHV infection, 

incidence of Kaposi’s sarcoma (KS), and overall survival.

Results—KSHV prevalence was 38.1% (95% CI 36.8-39.5%). Male gender, Caucasian race, age 

between 30 and 49, residence in North-eastern or Western US, and enrolment after 2001 were 

independently associated with prevalent infection.

KSHV incidence was 4.07/100 person/years (95%CI 3.70-4.47). Male gender, Caucasian race, age 

below 30, and enrolment after 2001 were associated with incident infection. CD4 count increase 

following cART was associated with lower risk.

KS incidence was 104.05/100,000 person/years (95% CI 71.17-146.89). Higher baseline CD4 

count, but not increase in CD4 count after cART, was associated with lower hazard of KS. 

Randomized assignment of protease inhibitors was not associated with better KSHV outcomes.
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Conclusions—HIV-1 infected individuals, in particular Caucasian men, remain at significant 

risk for KSHV co- infection and KS. Thus, optimal management of HIV-1 infection should 

continue to include vigilance for manifestations of KSHV co-infection, including KS.

Video abstract at http://ncifrederick.cancer.gov/services/spgm/filedownload/pdsDownload.aspx?

id=c472803f-1d66–4391-b18b-24e367b6b190
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Introduction

The prevalence of Kaposi’s sarcoma associated herpesvirus (KSHV) has marked 

geographical variations [1]. In general adult populations, KSHV infection is quite common 

in sub-Saharan Africa (seroprevalence >50%), relatively common in the Mediterranean 

region (20–30%), and uncommon in Western and Northern Europe, Asia and the Americas 

(5–10%) [2]. Prevalence is higher, however, in people of specific ethnic minorities or who 

have certain behavioural risk factors. Significantly, prevalence is elevated in men who have 

sex with men (MSM): estimates around 20–40% have been reported over the years for the 

US [3] and Northern Europe [4, 5].

Individuals who are coinfected with KSHV and HIV-1 are at risk of developing KSHV 

associated malignancies [6], i.e. Kaposi’s sarcoma (KS), primary effusion lymphoma (PEL), 

which is a rare, AIDS-related form of non-Hodgkin’s lymphoma, and KSHV-associated 

multicentric Castleman’s disease (KSHV-MCD), an infrequently diagnosed multifocal 

lymphoproliferative disease.

Upon introduction of combination antiretroviral therapy (cART), the incidence of KS has 

dramatically diminished [7-10], but not completely abated [11, 12]. In the United States, KS 

remains the second most common AIDS associated malignancy [11]. The most recent 

estimates from linked HIV and cancer registry data indicate a burden of disease of 

approximately 1000 cases/year, bearing almost exclusively on HIV infected men [13]. KS 

occurs in persons with untreated or poorly controlled HIV-1 infection; however, a third of 

AIDS-KS cases now arise in individuals with relatively high CD4 cell counts and low HIV-1 

viral load [14, 15]. It has been speculated that such cases exemplify a clinico-pathological 

entity more similar to Classic KS, which occurs in elderly HIV uninfected individuals, than 

AIDS-associated KS. Observations such as older age of onset and evidence of associated 

immunosenescence [16] seem to support this hypothesis, although they are not consistently 

reported [17]. Regardless, KS occurring in well controlled HIV-1 infection may become an 

increasing clinical and public health challenge as life expectancy of HIV-1 infected 

individuals on cART continues to extend.

To best interpret these observations it is necessary to understand the epidemiology of KSHV 

infection itself in the cART era; yet, limited data are available. Studies conducted prior to the 

introduction of cART reported varying estimates of KSHV prevalence in HIV-1 infected US 
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individuals, depending on the specific population[18]. Among MSM, estimates ranged most 

commonly from 30–40% to 60% [19], however, higher figures up to 90% [20, 21] were also 

reported. In contrast, estimates ranging from 10–20% to lower values, indistinguishable to 

those found in the HIV uninfected population, were reported in injection drug users (IDU) 

and women [21, 22]. This study seeks to understand if KSHV epidemiology has changed in 

US persons living with HIV-1 following the introduction of cART, and to further elucidate 

the epidemiology of KS in a context relevant to public health and clinical practice.

Specific objectives of this study were to determine the prevalence of KSHV infection in 

HIV-1 infected persons at the time of initiation of cART and the incidence of KSHV 

infection after cART initiation. Furthermore, we aimed to investigate potential associations 

between KSHV infection, KS, randomized cART and its outcomes. Finally, we sought to 

ascertain the impact of KSHV infection and KS on survival of HIV-1 infected individuals.

Methods

Study participants

The AIDS Clinical Trials Group (ACTG) longitudinal linked randomized trials (ALLRT) 

study is a longitudinal cohort study of HIV-infected individuals who had been enrolled into 

selected multicentre clinical trials conducted by the ACTG and had randomized assignment 

of a cART regimen. The rationale, design, and baseline characteristics of ALLRT are 

described elsewhere [23]. The ALLRT cohort is notable because of its diversity in gender, 

race, geography, and risk factors for HIV-1 acquisition, which facilitates generalizability of 

findings to the general population of HIV-1 infected persons in the United States (US).

We selected participants enrolled in six US ACTG studies, for a total of 5140 antiretroviral 

naïve HIV-1 infected individuals who initiated antiretroviral therapy as part of a randomized 

clinical trial during the decade 1997–2007 (Table 1S) and were co-enrolled in ALLRT. For 

each individual, the first and last available sera (in either the parent clinical trial or ALLRT) 

were tested for antibodies to KSHV ORFK8.1 and ORF73. The first (entry) serum was 

collected shortly prior or at the time of treatment assignment in the parent study, or if no 

such specimen was available, at the next available study visit. The last (exit) serum was 

collected at the last available study visit before June 30, 2009. On both occasions, CD4 

counts were also recorded. A diagram representing the study timeline is shown in Fig.1S.

Serology testing

KSHV serodiagnosis was performed as previously described [24]. In brief, KSHV indirect 

ELISAs utilizing recombinant antigens (baculovirus-derived ORF73, and E.Coli derived 

K8.1) were used. The characteristics of the assays, assessed on validation panels composed 

of healthy US blood donors and KS patients, are as follows: for ORF73, 91.4% sensitivity, 

98.8% specificity, area under curve (AUC) 0.99; for K8.1, 93.1% sensitivity and 98.8% 

specificity, AUC 0.98. Assay reproducibility is high for both assays (Cohen’s kappa, 0.89 

and 0.99, respectively).

Concordance amongst the two assays is moderate: in a large international population-based 

study [1], Spearman’s rho was 0.57, p<0.0001. The relatively modest correlation between 
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responses to different KSHV antigens is well known: Infected individuals can seroconvert 

for one antigen long before they do for others [25, 26]. For this particular assay system, 

utilizing an either/or algorithm maximizes sensitivity of serodiagnosis -defined as successful 

identification of KSHV infection in patients with detectable KSHV viral load in 

mononuclear cells or pathologically confirmed KSHV associated diseases, without 

compromising specificity. Participants were, therefore, considered KSHV seropositive if 

antibodies were detected to either antigen. Table 2S provides a sensitivity analysis for 

KSHV prevalence and incidence according to other definitions.

Covariate categorization and statistical analysis

For some analyses, continuous variables were categorised as follows: age :<30, 30–39, 40–

49, ≥50; CD4 count: 0–199, 200–349, 350–499, ≥500; CD4 count change during cART: no 

change/decrease vs. increase. When analysed as a continuous variable, CD4 counts were 

scaled to 100 cells/µL.

Antiherpesvirus drugs administered by indication were pooled in two categories: anti-HSV, 

acyclovir-like (acyclovir, valacyclovir, famcyclovir, with no reported activity against KSHV 

in vitro) and anti-CMV (ganciclovir/valganciclovir, cidofovir, and foscarnet, which are 

reportedly active against KSHV in vitro).

To analyse the incidence of KSHV infection, study time was defined as time intervening 

between collection of entry and exit samples. For KS incidence and survival analyses, time 

at risk accrued from parent study randomization; participants were administratively censored 

on December 31, 2009 and June 30, 2010, respectively. Because the six parent studies were 

conducted over ten years, in order to account for unmeasured variability due to calendar 

time, two periods were defined: early (1997–2001) and late (2002–2007). Participants were 

assigned to either period based on entry date. Prevalence models were fitted using logistic 

regression; Poisson regressions were used to calculate KSHV incidence; Cox proportional 

hazard models were used for KS incidence and survival analysis. Because the ALLRT 

cohort is composed of individuals who were enrolled in separate clinical trials, sensitivity 

analyses with mixed effect models were performed.

This study is powered (83%−93%) to measure differences in KSHV prevalence of 3% or 

lower across a large range (25–75%). For each measure of association, central estimates of 

effect size and their precision (95% confidence interval) are reported; we consider intervals 

excluding the unit indicative of a statistically significant association.

All analyses were performed using STATA v11.0 (StataCorp, College Station, TX)

Ethics statement:

This work, as well as the ALLRT study and each parent randomized ACTG clinical trial 

were conducted according to the Declaration of Helsinki, with the understanding and the 

consent of each participant; all protocols were approved by the respective Institutional 

Review Boards.
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Results

Of the 5140 eligible individuals, we were able to test 5022 individuals from 83 sites in 25 

states, the District of Columbia (DC) and the Commonwealth of Puerto Rico (Table 3S). 

Characteristics of the study participants are shown in Table 1. At entry, study participants 

were predominately men in their fourth and fifth decade, and of varied racial background. 

Few reported current or past injection drug use (IDU). CD4 count was generally low, and 

HIV-1 viral load (VL) elevated. Participants in the later period were older and had higher 

baseline VL; the remaining baseline characteristics were not significantly different between 

the early and late enrolment period. Data on treatment were available for 4953 patients, 

randomized to receive 40 different cART regimens; nearly half of the participants received 

protease inhibitors (PI) as part of their initial cART regimen. Few patients were prescribed 

systemic antiherpesvirus drugs based on clinical indications.

Crude KSHV prevalence is shown in Fig.1B: overall prevalence was 38.1% (95% confidence 

interval, CI 36.8–39.5%), and was higher in men, Caucasians, individuals in their fourth and 

fifth decade and recent enrolees. A significant geographical variability of KSHV prevalence 

was observed (Fig.1A); prevalence was high in California, DC, Massachusetts, New York, 

Colorado, and Washington; it was generally moderate in most of the Mid Atlantic, New 

England, in the Great Lakes region and in the South, and low elsewhere. In further analyses, 

prevalence estimates were also calculated for four US Census Bureau-designated regions 

(Northeast, Midwest, South, and West). Local KSHV prevalence correlated to some extent 

with the estimated proportion of men who have sex with men (MSM) in the source 

population [27]; state wise correlation: rho=0.67, p=0.0001.

Multivariable models of prevalence were analysed. Estimates from a model including socio-

demographic factors, baseline status (CD4 count and HIV-1 viral load) and antiherpesvirus 

treatment prior to study entry is shown in Table 2. Significant risk factors were male gender 

(odds ratio, OR 2.43, 95%CI 2.04–2.90), Caucasian race (OR 1.20, 95% CI, 1.06–1.36), age 

between 30 and 49 years, residence in the Northeast or West regions (OR 1.52, 95%CI 1.35–

1.71), enrolment in the later period (OR 1.26, 95% CI 1.11–1.43) and higher baseline CD4 

count. Lower prevalence was associated with IDU (OR 0.72, 95% CI 0.59–0.88).

For 4416 participants, both entry and exit samples were available for analysis. Median 

follow up was 3 years (IQR, 2.09–5.52). Crude KSHV incidence is shown in Fig.1B: it was 

4.07/100 persons/years overall (95% CI 3.70–4.47), but higher in younger, Caucasian men 

enrolled in the later period. Multivariable models of KSHV incidence were analysed. 

Estimates from a model including socio-demographic factors, baseline CD4 count and 

HIV-1 VL, randomized assignment to HIV-1 protease inhibitors, antiherpesvirus treatment 

post-entry and cART outcome are shown in Table 3. Risk factors for KSHV acquisition were 

male gender (incidence rate ratio, IRR 2.30, 95% CI 1.69–3.14), Caucasian race (IRR 1.35, 

95% CI 1.11–1.63), residence in the Northeast or West regions and enrolment in the later 

period of the study (IRR 1.82, 95% CI1.48–2.23). Lower KSHV incidence was associated 

with older age and increasing CD4 count upon cART initiation (IRR 0.60, 95% CI 0.43–

0.80).
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Seventy-eight individuals, all men, received a diagnosis of KS. Two patients with pre-

existing KS and three with incident KS remained seronegative at the end of follow up; they 

had a median baseline CD4 count of 27.5 (IQR 15.5–80.5) cells/µL; detailed data are 

provided in Table 4S. Forty-six cases were diagnosed prior to or at study entry; in a 

multivariate model including sociodemographic and baseline characteristics, higher CD4 

counts were associated with lower risk of KS (OR:0.40, 95% CI 0.18–0.86 for CD4 counts 

between 200 and 349, OR:0.16, 95% CI 0.04–0.73 for CD4 counts between 350 and 499, the 

highest value was 445). Thirty–two cases occurred after randomization and were defined as 

incident: KS incidence was 104.05/100,000 person/years (95% CI 71.17–146.89), KS 

incidence in KSHV seropositive participants was 192.27/100,000 person/years (95% CI 

128.76–276.13). Crude KS incidence is shown inFig.1C. KS onset occurred a median of 102 

(IQR 25–316) days after cART randomization; 14 cases (43%) occurred after 6 months or 

later. At the end of follow up, participants with incident KS had a median CD4 cell count of 

445 (IQR 151–578) cells/µL, not significantly lower than participants without KS (median 

496, IQR 327–681 cells/µL, Wilcoxon rank sum test, p=0.054).

Multivariable models of KS incidence were analysed. Estimates from a model including 

socio-demographic factors, baseline status, randomised assignment to an HIV-1 protease 

inhibitor, post-enrolment antiherpesvirus treatment and cART outcome are shown in Table 4. 

Lower KS incidence was associated with higher baseline CD4 count (hazard ratio, HR 0.49, 

95% CI 0.34–0.72). Neither randomized assignment to a regimen containing a HIV-1 

protease inhibitor, treatment with anti-herpesvirus drugs, nor CD4 increase upon cART 

initiation were associated with KS risk. Calendar time was not significantly associated with 

KS risk in multivariable analysis.

One hundred and ninety deaths occurred during the study. Multivariable survival models 

were analysed. Estimates from a model including socio-demographic factors, baseline status, 

and clinical course are shown in Table 5. Besides age and IDU (HR 1.71, 95% CI 1.14–

2.58), survival was negatively associated with high baseline HIV-1 viral load (HR 1.47, 95% 

CI1.15–1.88), and diagnosis of KS (HR 3.23, 95% CI1.74–6.78). Survival expectations of 

individuals with or without KS are shown in Fig.1D. Survival was positively associated with 

higher baseline CD4 count (HR 0.84,95% CI0.75–1.93), and increase in CD4 upon cART 

initiation (HR 0.13,95% CI0.10–0.20).

Discussion

This study investigates the epidemiology of KSHV, KS and associated mortality in HIV-1 

infected individuals initiating cART across a ten year time span at multiple sites in the US 

and Puerto Rico.

In HIV-1-infected persons in the US, KSHV remains prevalent, in particular in Caucasian 

men who have no history of injection drug use. Presumably, this represents higher likelihood 

of having sex with other men as the main HIV-1 risk factor; however, such data are not 

collected in ALLRT and this represents a limitation of the present study. Provenance from 

metropolitan areas of the Northeast and the West is also a risk factor. The reasons for the 

geographical variability of KSHV prevalence are not completely clear; while ecological 
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biases cannot be excluded, the pattern correlates with the estimated local proportions of 

MSM. The geographical variation we observed is also consistent with reports of 

geographical variation in AIDS-KS incidence [28, 29]. Higher baseline CD4 count appeared 

to be associated with a higher KSHV prevalence, perhaps reflecting the possible occurrence 

of false negative serology in individuals with profound immune compromise, due to loss of 

antibody to K8.1 and ORF73. Indeed, two patients with pre-existing KS and three with 

incident KS who remained seronegative had very low baseline CD4 counts. Enrolment in the 

later period of the study was an independent risk factor for KSHV seropositivity at entry, 

suggesting that KSHV prevalence is not, in fact, diminishing in the HIV infected population.

New KSHV infections were observed in our study, particularly, in younger, Caucasian men 

enrolled in the later period, indicating that KSHV transmission in this population is actually 

increasing. CD4 increase in response to cART appeared to be a protective factor for incident 

KSHV. While this finding may reflect an unrecognized confounder, it could denote a real 

biologic phenomenon, perhaps a hitherto undescribed role of the immune system in 

preventing establishment of infection following exposure to KSHV. CD4 count increases 

following cART have been shown to lower the incidence of herpesviruses reactivations and 

of associated diseases, but a decrease in the incidence of infection itself has not been 

reported so far. However, higher CD4+ T-cell counts have been found to be associated with 

reduced risk of infection with high-risk human papillomavirus DNA types in HIV-1 infected 

women [30].

As expected, the risk of KS was positively associated with pre-existing KSHV infection and 

lower baseline CD4 count, while initial randomly assigned protease inhibitor treatment and 

subsequent immunological response had no effect; individuals developing KS had CD4 

count responses to cART non inferior to those of their peers without KS. Furthermore, KS 

incidence did not decrease with calendar time. Taken together, these data support 

observations indicating that KS is still occurring in HIV infected individuals, even in the 

context of successful cART.

Studying cART naïve persons who had been randomly assigned to their initial cART 

regimen permitted investigation of the potential effect of specific antiretroviral drugs on 

KSHV-related outcomes. Specifically, in vitro studies had reported anti- KSHV activity by 

protease inhibitors, most notably nelfinavir [31]. In the present study, assignment of 

individual PIs, including nelfinavir, and PIs overall had no significant effects on the 

incidence of KSHV infection or KS. Effects on other aspects of the natural history of KSHV 

infection such as frequency of reactivation, shedding or transmission were not evaluated. 

Participants in this study were enrolees of six randomized cART trials spanning over ten 

years and including 40 different cART regimens. Calendar time was introduced as a variable 

in all analyses; residual heterogeneity amongst parent studies is not likely to represent a 

major confounder, as sensitivity analyses conducted with hierarchical models confirmed the 

result obtained with single-level modelling. The reported administration of anti-herpesvirus 

drugs by clinical indication was not associated with decreased risk for any KSHV-related 

outcome, although confounding by indication cannot be excluded.
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Both higher CD4 count at baseline and positive immunologic response to cART were 

associated with better survival, as expected. KSHV infection appeared to have no effect on 

survival, but KS still significantly impacted life expectancy, as did IDU and higher HIV-1 

viral load prior to cART initiation.

The introduction of cART has swiftly and dramatically diminished mortality from KS [32, 

33]; however, further decreases have not been recently documented. Recent literature 

reporting on KS associated mortality in the cART era is primarily focused on sub-Saharan 

Africa [34-36], although there are few reports on US persons [29, 37, 38]. Results of the 

present study are consistent with such findings, likely indicating the continuing contribution 

of KS to mortality in HIV infected individuals; however, because this study did not analyse 

specific causes of death, residual confounding is possible.

In conclusion, the unremittingly high prevalence and increased acquisition of KSHV in 

HIV-1 infected persons on cART in the US indicates the importance of KSHV co-infection 

in this population. This is of particular concern, given the accumulating evidence on the 

continuing occurrence of KS in HIV-1 infected individuals and the associated decrease in 

life expectancy.
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Figure 1. 
A) Geographical distribution of KSHV prevalence. Local KSHV prevalence is shown. 

Bubble position indicates the county or city location of each study site (study sites are listed 

in Table 3S). Bubble size indicates the number of participants; hue indicates prevalence. 

Estimated proportion of MSM in each state by is indicated by increasingly saturated shades 

of grey. B) Crude Prevalence and incidence of KSHV infection. Unadjusted prevalence 

and incidence of KSHV infection stratified by baseline characteristics are shown. C) Crude 
KS incidence. Unadjusted incidence of KS stratified by baseline characteristics is shown. 

MW/S indicates Midwest and South; NE/W, Northeast and West. D). Survival functions. 
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Kaplan-Meier survival estimates are plotted for patient with (red) and without (blue) KS. 

Dotted lines delimit 95% confidence bands.
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Table 1.

Characteristics of the study participants. N=5022 participants

Variable

N %

gender

Male 4,112 81.9

Female 910 18.1

age

<30 1015 20.21%

 30-39 1951 38.85%

 40-49 1462 29.11%

 >50 594 11.83%

Injection drug use

Never 4,530 90.2

Previously 479 9.5

Currently 13 0.3

Race/ethnicity

White 2,014 40.1

Black 1,793 35.7

Hispanic 1,069 21.3

Asian 88 1.75

Native American 29 0.6

other/missing 29 0.6

calendar time

1997-2001 1733 34.51%

2002-2007 3289 65.49%

Randomised cART

cART regimen including PI 2,399 47.77

Antiherpesviral drugs

Anti HSV 663 13.20

Anti-CMV 36 0.72

Baseline CD4 count (cell/μL) N %

<200 2330 46.40%

200-349 1477 29.41%

350-499 788 15.69%
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Variable

≥500 423 8.42%

median IQR

Baseline Log HIV-1 VL 4.8 4.4-5.3
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Table 3.

Multivariable model of incident KS

HR [95% CI
#
] p value

Socio demographic

Caucasian race 2.30 1.05 5.02 0.036

Age (years) 0.99 0.95 1.03 0.684

Later period 1.12 0.50 2.56 0.778

Residence in NE or W regions 1.62 1.09 2.40 0.015

Baseline status

CD4 count (100 cell/μl) 0.49 0.33 0.72 <0.001

Log HIV-1 VL 0.94 0.51 1.74 0.851

KSHV seropositivity 9.52 3.58 25.30 <0.001

Antiherpesvirus drugs

Anti HSV 2.19 1.00 4.81 0.051

Anti CMV 3.63 0.46 29.77 0.221

cART

Assigned PI 1.51 0.71 3.21 0.278

CD4 response

No CD4count increase Ref.

Any CD4 count increase 1.23 0.16 9.24 0.841

*
HR, hazard ratio

#
CI, confidence interval
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Table 4.

Multivariate survival model

HR [95% CI] p value

Socio- demographic

Male gender 0.98 0.64 1.50 0.929

Caucasian race 1.12 0.80 1.56 0.507

IDU 1.71 1.14 2.58 0.009

Age 1.05 1.04 1.07 <0.001

Later period 1.16 0.82 1.63 0.383

Residence in NE or W regions 1.04 0.89 1.21 0.600

Baseline status

CD4 count (100 cell/μl) 0.84 0.75 0.93 <0.001

Log HIV-1 VL 1.47 1.15 1.88 0.002

KSHV seropositivity 1.17 0.85 1.63 0.337

Clinical course

Kaposi Sarcoma 3.23 1.74 6.78 <0.001

No CD4count increase Ref.

Any CD4 count increase 0.14 0.10 0.20 <0.001
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