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Abstract

Background: Since introduction of highly active antiretroviral therapy (HAART), the prevalence of Danish HIV-positive men who have sex with men (MSM) has increased substantially. In contrast, the incidence of MSM diagnosed with HIV has not increased, and this paradox has been the focus of intensive debate.

Methods: Study period was 1995–2010. Data were obtained from 2 Danish nation-wide registries of HIV and syphilis, and 5 consecutive surveys on sexual behavior in Danish MSM. We calculated incidences of HIV and syphilis in MSM, prevalence of HIV-positive MSM with detectable viral load (>400 HIV RNA copies/mL), and changes in frequency of unprotected anal intercourse. We introduce The Cohort Community Reproductive Rate (CCRR) to describe the number of newly diagnosed MSM per HIV-positive MSM per year and used Poisson regression to model CCRR.

Results: From 1995 to 2010, the prevalence of Danish MSM diagnosed with HIV increased from 1035 to 1813 (75%), whereas the number of HIV-positive MSM with detectable viral load (>400 HIV RNA copies/mL) decreased by 75% from 1035 to 262. The incidence of syphilis and unprotected anal intercourse rose dramatically in the same period, whereas CCRR decreased from 0.099 (95% confidence interval: 0.092 to 0.108) to 0.071 (95% confidence interval: 0.065 to 0.079).

Conclusions: Our results strongly indicate that HAART has decreased the risk of transmission of HIV despite increased practice of unsafe sex and thereby substantiate that HAART should be offered to MSM to reduce risk of transmission of the disease.
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INTRODUCTION

Sexual transmission of HIV between men who have sex with men (MSM) is still a predominant route of HIV transmission in Western World settings. Several studies indicate that the risk of sexual transmission of the virus is almost negligible from HIV patients with low viral load (VL) in vaginal and conceivably also in anal sex.1–3 This has led to the hypothesis that highly active antiretroviral therapy (HAART) reduces not only morbidity and mortality among persons with HIV but also reduces the risk of sexual transmission substantially.4,5 A Taiwanese study from 2004 showed declining HIV transmission rates after introduction of HAART,6 and in 2 recent studies from Canada and San Francisco, declining community VL levels have been linked with reduced transmission of HIV.7,8

The number of HIV-infected MSM living in Denmark has increased substantially after the introduction of HAART, but the raising population of MSM with HIV has not transformed into an increased incidence of HIV diagnoses in this population. At the same time, reports on incidence of syphilis and sexual behavior in Danish MSM indicate that sexual risk behavior has increased among Danish MSM in the last decade.9,10 The paradox of stable incidence of HIV diagnosis despite increased HIV prevalence and unsafe sex could be explained by increased effectiveness of HAART, which would lead to a declining number of HIV-positive MSM capable of transmitting the virus sexually.

We used 3 unique Danish data sources to calculate prevalence and incidence of HIV, incidence of syphilis, and self-reported frequency of sexual risk behavior in Danish MSM. Furthermore, we calculated the number of MSM with HIV who had high VL and thereby were able to transmit HIV sexually.
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METHODS

Setting

Denmark has a population of 5.5 million, and the estimated prevalence of HIV infection in the total population is 0.1 %.11 It has been estimated that 500 undiagnosed HIV-positive MSM reside in Denmark, an estimate that is assumed to have been stable over the last 10 years.12

Denmark's tax-funded health care system provides antiretroviral treatment free-of-charge to all HIV-positive residents. Treatment of HIV infection is restricted to 8 specialized medical centers, where patients are seen on an outpatient basis at intended intervals of 12 weeks. During our study period, January 1995 to January 2010, national criteria for HAART initiation were any of the following: presence of an HIV-related disease, acute HIV infection, pregnancy, CD4 cell count <300 cells per microliter until May 2008 and <350 cells per microliter thereafter, and VL >100,000 HIV RNA copies per milliliter (until 2001).
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Data Sources

The Danish HIV Cohort Study is a nationwide, prospective, population-based cohort study of all Danish HIV-infected patients treated at Danish hospitals since January 1, 1995.13 The data are updated yearly, and include demographics, route of infection, CD4 counts, VL, and antiretroviral treatment. The unique 10-digit Central Person Registration number assigned to all Danish citizens at birth or immigration is used to avoid multiple registrations and to track individuals.
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The Sex Life Surveys 2000–2009

Since 2000, 5 Sex Life Surveys monitoring sexual behavior and responses to HIV issues among MSM in Denmark have been carried out. Data were collected on self-reported sexual behavior and HIV prevalence among MSM in Denmark. The surveys were carried out as internet-based questionnaires on several gay and HIV-related websites and paper questionnaires handed out during the annual Copenhagen Gay Pride event, in gay bars, clubs, and other venues and distributed as inserts together with prestamped envelopes in both gay and HIV-related journals. The questionnaires contained questions concerning sexual behavior during the last 12 months including frequency of anal sex, number of anal sex partners, frequency of unprotected anal intercourse (UAI), and number of UAI partners, stratified by partners' HIV status. Also included were questions on time and result of respondents' latest HIV test, and questions about other sexually transmitted infections. The surveys have been partly published previously on the internet.9,10

The National Syphilis Registration System was established in 1993 and registers all residents in Denmark diagnosed with syphilis. The notification to the register is mandatory and is done by the treating physician. Data include route and country of infection and result of latest HIV test.
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Statistical Analyses

Cohort Community Reproductive Rate

We defined Cohort Community Reproductive Rate (CCRR) as the number of newly HIV-infected MSM in a calendar year per HIV-infected MSM living in Denmark in that year. For the Danish MSM population, the number of individuals diagnosed for the first time with HIV and reporting MSM as route of HIV infection was used as a proxy for incidence of new infections, and the number of HIV-positive MSM alive, living in Denmark, and registered in the Danish HIV Cohort was used as proxy for the HIV-positive MSM population living in Denmark.

To explore the explanatory factors of CCRR, we used a Poisson regression model allowing for overdispersion. Both age and proportion of MSM in the cohort considered able to transmit HIV (VL > 400 HIV RNA copies/mL) were included as explanatory variables and included in the final model if they were statistically significant on a 5% level.

From “The Danish HIV Cohort Study,” we identified all MSM treated at the 8 HIV-treating clinics in Denmark. Patients were considered under care from date of first HIV-positive test, immigration, or January 1, 1995, which ever was last; until date of death, emigration, or January 1, 2010, which ever was first. For the period January 1, 1995, to January 1, 2010, we calculated the total number of MSM with undetectable VL (≤ 400 HIV RNA copies/mL) using the principle of last value carried forward. Patients were considered to have detectable VL until the first measurement of undetectable VL. The cut off of 400 HIV RNA copies per milliliter was used as it was the lower limit of detection in the initial period of the study.

From “The Sex Life Surveys,” we calculated the fractions of patients reporting having engaged in UAI stratified by HIV status of the respondent and of his partners, and self-reported HIV-testing behavior.9,10 Differences between groups were analyzed using χ2 tests and logistic regression analyses.

From “The National Syphilis Registration System,” we calculated the yearly number of new cases of syphilis stratified on HIV-positive and HIV-negative individuals.

The analyses were done using SPSS (SPSS Inc, Chicago, IL), and Stata version 11.2 MP (Stata Corporation, College Station, TX).
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RESULTS

In the study period, the median number of MSM diagnosed with HIV and subsequently registered in The Danish HIV Cohort Study was 93 per year (range: 71–137) (Table 1). The yearly number of new HIV diagnoses decreased slightly during the late 1990s (Table 1), and thereafter increased vaguely and stabilized from 2005. The median CD4 count at diagnosis was stable from 1995 to 1999, but thereafter increased substantially until 2004 when it stabilized around 400 CD4 cells per milliliter (Table 1). The median age at diagnosis was 37.6 (range: 32.6–38.8) and did not change over calendar time (P = 0.15).

[image: Table 1]TABLE 1 Newly Diagnosed MSM and MSM Living in Denmark and Registered in The Danish HIV Cohort Study



The number of HIV-positive MSM alive, living in Denmark, and registered in The Danish HIV Cohort Study increased from 1035 in 1995 to 1813 in 2010 (75%). Before this time, that is, in the pre-HAART era, the number of HIV-positive MSM alive was stable because the number of AIDS deaths balanced the number of new HIV cases. In the study period, the number of MSM with detectable VL (VL > 400 HIV RNA copies/mL) decreased by 75% from 1035 in 1995 to 262 in 2010 (Table 1), as HAART treatment improved the immune status of the cohort members. The median age of the cohort increased steadily with 0.53 [95% confidence interval (CI): 0.51 to 0.55] years per calendar year from 39 years in 1995 to 47 years in 2010, also an effect of HAART treatment that keeps cohort members alive.

In 1995, CCRR was 0.099 (95% CI: 0.092 to 0.108). CCRR decreased significantly through the late 1990s, and stabilized at 0.071 (95% CI: 0.065 to 0.079) from 2005 and onwards (Fig. 1).

[image: Figure 1]FIGURE 1. A, Number of HIV-positive MSM living in Denmark, number of MSM with VL >400 HIV RNA copies per milliliter, number of MSM newly diagnosed with HIV stratified on calendar year. B, CCRR among HIV-positive MSM registered in The Danish HIV Cohort Study stratified on calendar year. A, Blue line: number of MSM living in Denmark with HIV and registered in The Danish HIV Cohort Study (left axis); green line: number of MSM in The Danish HIV Cohort Study with VL >400 HIV RNA copies per milliliter (left axis); black line: modeled number of new diagnoses among MSM according to the modeled CCRR in Figure 1B (black line, right axis); gray dots: registered number of new diagnoses (right axis). B, black line: modeled CCRR (left axis) gray dots: point estimates of CCRR (left axis) dotted black lines: 95% CI of modeled CCRR (left axis) red line: proportion of MSM in The Danish HIV Cohort Study with VL >400 HIV RNA copies per milliliter (right axis). CCRR: number of newly HIV-infected MSM in a calendar year per HIV-infected MSM living in Denmark in that year. As the number of newly infected individuals cannot be determined, we estimated CCRR as the number of MSM diagnosed with HIV in a calendar year per HIV-positive MSM knowing to live in Denmark that year (according to data from The Danish HIV Cohort Study).



The proportion of MSM in The Danish HIV Cohort Study with a VL >400 HIV RNA copies per milliliter followed the decreasing CCRR until CCRR leveled off in 2005 (Fig. 1). Thereafter, the proportion of MSM in The Danish HIV Cohort Study with VL >400 HIV RNA copies per milliliter continued to decrease without any further changes in CCRR. The increasing age in the cohort had no significant association with CCRR in the study period (P = 0.53).

During the study period, the Sex Life Surveys showed a trend toward increasing unsafe sex (Table 2). Respondents reported an increasing yearly number of anal sex partners (P < 0.01) and increased frequency of UAI (P < 0.01) also with partners of unknown HIV serostatus (P < 0.01). This trend was especially marked in the HIV-infected MSM population (Fig. 2) compared with the HIV-negative MSM (data not shown). In the “Sex Life Surveys,” we observed no trend in the proportion of HIV-positive respondents over calendar time (Table 2). The proportion of MSM who reported to have been ever tested for HIV did not change over calendar time, but we observed an increasing trend in the proportion not already diagnosed with HIV, who were recently tested (P < 0.01) (Table 2).

[image: Table 2]TABLE 2 The Sex Life Surveys Among Danish MSM



[image: Figure 2]FIGURE 2. Fraction of HIV-positive MSM who reported to have had UAI and UAI with partner(s) not known to be of the same HIV serostatus as the respondent.



In The National Syphilis Registration System, the number of MSM diagnosed with syphilis increased substantially in the study period from 2 patients diagnosed in 1995 to 208 in 2009, and the increase was observed for HIV-positive MSM and in recent years even more for the HIV-negative MSM (Fig. 3).

[image: Figure 3]FIGURE 3. Number of MSM with and without HIV infection notified with a syphilis diagnosis to The National Syphilis Registration System 1995–2010.



Back to Top

DISCUSSION

In this nation-wide population-based study, we demonstrate that although unsafe sex among MSM has increased substantially and the number of HIV-positive MSM living in Denmark has enlarged, the incidence of HIV diagnoses in this population has remained almost stable for more than a decade. Our findings indicate that this paradox is due to effective antiretroviral therapy and not increased awareness of safe sex. Transmission of HIV among Danish MSM seems to be sustained by individuals not on HAART.

The major strength of the study is the nation-wide design with access to national registries of HIV and syphilis, VL tests, and estimates of changes in sexual behavior for the MSM population.

Because the Danish HIV Cohort population is closely followed and very well described, the data used in the CCRR, as a measure of transmission rate from the cohort of MSM diagnosed with HIV in Denmark, are very reliable. This concept differs from other methods using national whole population surveillance data6 and also from the “community VL” concept as that refers to the “capacity for” transmission.8

Our study has some weaknesses. Obviously, we could not include undiagnosed HIV-infected in our analyses and therefore could not calculate the true incidence of HIV in Danish MSM. The official estimate of undiagnosed MSM with HIV in Denmark is in the order of 500 individuals, and it is believed to have been fairly constant over the study period.12 This limitation is not specific to the present study and also involves studies using “community VL”.8 We estimated CCRR not from the number of newly HIV-infected MSM (true incidence) and total number of HIV-infected individuals living in Denmark (true prevalence), but from number of newly diagnosed MSM and number of MSM registered in The Danish HIV Cohort. We thereby underestimated both parameters; but as CCRR is calculated as a rate, the underestimation of both parameters will tend to neutralize this bias. Also our model does not take into consideration that some Danish MSM are infected abroad. However, unlike the heterosexual transmissions, Danish MSM diagnosed with HIV mainly report to have been infected in Denmark.14 Even though the proportion of MSM who report having been infected abroad has gone up from 12% to 20% in the last 10 years (Susan Cowan, MD, written communication, 2012), it is still not high enough to determine the incidence. Finally, we do not perform incidence testing (eg, Recent Infection Testing Algorithm) in Denmark, and we cannot exclude a recent increase in incidence of HIV among Danish MSM, but the stable median CD4 count in newly diagnosed MSM justified the assumption that the incidence of HIV in the MSM population has been stable also in the last part of the study period.

In the early HAART era (1995–2000), the yearly number of MSM diagnosed with HIV decreased slightly, which may be a proxy for a decreasing incidence of HIV in MSM in the years before introduction of HAART (Table 1). Also the median CD4 count at diagnosis was stable which indicates that time from HIV infection to diagnosis did not change. In this period, the CCRR dropped proportional to the reduction in HIV-positive MSM able to sexually transmit HIV infection, which underlines the effect of HAART (Fig. 1). No Sex Life Surveys were carried out before 2000, but the syphilis incidence was very low among MSM in this period indicating that less unsafe sex may have lead to a lower incidence of HIV.

In the period 2001–2004, the number of MSM diagnosed with HIV increased slightly, but so did the median CD4 count at diagnosis, which is compatible with increased HIV testing leading to earlier diagnosis of the disease.15 In this period, the CCRR continued to decrease, as did the proportion of MSM in The Danish HIV Cohort Study with VL >400 HIV RNA copies per milliliter (Fig. 1). The Sex Life Surveys showed increased frequency of sexual risk behavior, and the effect of HAART is the most reasonable explanation for the decreased CCRR in this period.

Finally, incidence of HIV in MSM and median CD4 count at diagnosis were stable from 2005 and onwards. The proportion of MSM in The Danish HIV Cohort Study with VL >400 HIV RNA copies per milliliter continued to decrease but was not associated with changes in CCRR (Fig. 1).

We observed that the CCRR in Danish MSM decreased parallel to decreasing proportion of MSM in The Danish HIV Cohort Study with VL >400 HIV RNA copies per milliliter up to the point where less than 400 MSM in the cohort had VL >400 HIV RNA copies per milliliter. This suggests that after this point, the ongoing transmission of HIV among MSM in Denmark is to a large extent driven by HIV-positive MSM not yet diagnosed with HIV.

Earlier models have suggested that there may be a balancing point at which increasing levels of high risk sexual behavior performed by a large number of yet undiagnosed/untreated HIV-positive MSM offsets the effect of early/regular HIV testing among sexually active MSM and subsequent treatment of those diagnosed as HIV positive.16,17 This point seems to have been reached among MSM in Denmark in the early 2000.

According to this latter hypothesis, the balancing point where the benefit of HAART on HIV transmission is counteracted by sexual risk behavior does not depend on the frequency of unsafe sex among MSM in general, but on the level of unsafe sex among MSM not recently HIV tested. A major study based on mathematical modelling from United States has suggested that HIV-positive individuals unaware of their HIV status are responsible for the majority of HIV transmissions.18

The sex Life Surveys have demonstrated that the frequency of sexual risk behavior among MSM in Denmark has increased markedly during the last 10 years and an increasing proportion, especially among HIV-positive MSM reported to have engaged in UAI with partners of unknown HIV status.9,10 Thus serosorting among HIV-positive MSM, which has been put forward as an explanation for equivalent trends seen in San Francisco,19 can be dismissed as the explanation for the stable HIV incidence despite the increase in sexual risk behavior among MSM in Denmark. The rise in syphilis incidence, which has recently been most apparent among HIV-negative MSM, suggests that the notion among HIV-negative MSM that they are not having unsafe sex is not justified.

Other studies from Western countries have demonstrated declining HIV transmission rates after introduction of HAART.6–8 In San Francisco, the HIV incidence among MSM have stabilized probably as a result of effective HAART.20 In contrast, some studies have shown an increasing number of MSM diagnosed with HIV.21–26

Treating HIV-positive MSM immediately after HIV diagnosis would further decrease the pool of HIV-positive MSM able to transmit HIV, but assuming that the undiagnosed HIV-positive MSM constitute the major proportion of possible transmitters, that will not affect transmission from this group. Increasing HIV testing among MSM would probably lead to a significant decrease in HIV transmissions. This is supported by the finding that large phylogenetic clusters of HIV positive in Denmark are mainly found among Danish MSM.27 The Danish recommendations for HIV testing have recently been updated to allow for enhanced testing,28 but it is too early to determine whether testing rates will increase among the at-risk populations and eventually will have an impact on transmission rates.

The present study suggests that successful implementation of HAART has major impact on HIV incidence among MSM. Additional measures to diminish the pool of MSM who are at risk of transmitting HIV should focus both on earlier initiation of HAART and enhanced testing, especially of MSM engaged in sexual risk behavior.
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