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Abstract

Background: With ageing of the HIV-infected population, long-term exposure to treatment, varying adherence,
emerging resistance and complications to therapies, effectiveness of Highly Active Antiretroviral Therapy (HAART)
needs to be monitored continuously at the population level. The German HIV-1 Seroconverter Cohort is a
multi-centre, open, long-term observational cohort including patients with a known or reliably estimated date of
HIV-infection –i.e. last negative and first positive HIV antibody test within a maximum three-year interval or
laboratory evidence of seroconversion. Our study aims to investigate survival improvements and changes in AIDS
risk over calendar periods in the German HIV-1 Seroconverter Cohort.

Methods: Retrospective (for the pre-1997 period) and prospective (since 1997) data from the German HIV-1
Seroconverter Cohort were used. Time from seroconversion to first AIDS-defining event over calendar periods was
analysed by using Cox models adjusting for age at seroconversion, sex, transmission groups and short HIV test
interval. Kaplan-Meier methods were used to determine expected survival (remaining AIDS-free) by calendar period.

Results: 2162 seroconverters with 8976 person-years of observation were included in our analysis (up to
31.12.2010). A total of 196 first AIDS–defining events were reported. Two periods –i.e. 1997–2000 and
2007-2010– were statistically associated with a reduction in the risk of AIDS, accounting for an overall reduction of
80%. Compared to1997-2000, hazard ratios were 2.6 (95%CI, 1.6-4.8; p = 0.000) in pre-1997 and 0.5 (95%CI, 0.3-0.8;
p = 0.007) in 2007–2010. Independent risk factor for AIDS progression was age at seroconversion (HR, 1.3 per
10 year-increase; p = 0.001).

Conclusion: HAART effectiveness has improved in the German HIV-1-Seroconverter Cohort. The risk to develop
AIDS decreased significantly in 1997–2000 and in 2007–2010. However, elderly may require particular monitoring in
view of their faster progression to AIDS.

Keywords: HIV progression, AIDS-defining event, Seroconverter, HAART effectiveness
Background
Long-term observational studies with reliable HIV-1 sero-
conversion dates are a good tool to assess the effectiveness
of highly active antiretroviral therapy (HAART) at the
population level [1]. They use calendar period as a proxy
for actual HAART use to circumvent confounding by indi-
cation [2]. Just after the introduction of HAART in 1996,
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such studies showed a protective effect of HAART on time
to acquired immunodeficiency syndrome (AIDS) [3-5].
Thereafter, continuous decrease on time to AIDS has been
reported, coincident with the widespread uptake of HAART
[6-8]. However, with ageing of the HIV-infected population,
long-term exposure to treatment, varying adherence, emer-
ging resistance and complications to therapies, there is a
need to monitor regularly the effectiveness of HAART at
the population level. Furthermore, the introduction of new
drugs may have contributed to slowing down the disease
progression in more recent times.
l Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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In Germany, HIV surveillance is regulated by the
national Protection against Infection Act since 2001 [9].
Newly diagnosed HIV infections are reported to the
Robert Koch-Institute (RKI), the national institute for
diseases surveillance and control. However, in this
surveillance system, the date of HIV infection is often
unknown. To supplement the mandatory reporting sys-
tem, the RKI set up in 1997 the HIV-1 Seroconverter
study, which allows estimating the time of infection,
leading to a reliable determination of AIDS incidence,
risk factors for AIDS and time to therapy initiation.
This paper aims to present the results of the German

HIV-1 Seroconverter study, covering more than 13 years
of surveillance, in order to monitor at the population
level the progression to AIDS and associated risk factors
over calendar periods.

Methods
Study design
The German HIV-1 Seroconverter study started in 1997
as a national multicenter observational cohort study
including HIV-infected persons for whom the date of
seroconversion is known or could reliably be estimated.
Study participants are recruited by more than 22 out-
patient clinical centres, 40 medical practices specialised
on HIV/AIDS and seven local health authorities all over
Germany, mainly in German metropoles. All HIV
infected patients aged 18 years or older (at the time of
study enrolment) are eligible to be included in the cohort
if their date of seroconversion can be reliably estimated,
either as acute or as documented seroconverters, which
has been described in detail elsewhere [10]. Briefly, acute
seroconverters included individuals with laboratory
evidence of seroconversion and those with an interval of
maximum three months between the last negative and
the first positive HIV-antibody test (mid-point between
the dates is used to estimate the time of infection).
Documented seroconverters included individuals with a
last negative and a first positive HIV-antibody test within
a maximum three-year interval (mid-point between the
dates is used to estimate the time of infection).

Data collection
On the basis of a baseline standardized paper-based
questionnaire, demographic (including sex, age, and HIV
exposure category), clinical (including CDC-status and
current therapy regimes) and laboratory data (including
viral load, CD4+ and CD8+ counts) are collected by phy-
sicians. Yearly follow-up questionnaires include CDC-
status and current therapy regimes. Questionnaires are
sent to the RKI where they are reviewed and integrated
in the HIV database, and checked for completeness and
plausibility. If data inconsistencies cannot be resolved,
the institutions are queried.
Statistical analyses
We analysed the time from seroconversion to AIDS via
Cox proportional hazard model, a method that allows for
late entry and inclusion of retrospectively ascertained
seroconversion [11]. Since the objective of these analyses
was to measure the effectiveness of HAART at the popu-
lation level, calendar year at risk was divided into five
calendar periods, according to the availability of new
anti-retroviral drugs in Germany: 1) the era before
HAART (pre-1997), 2) limited use of HAART and use of
two Nucleoside Reverse Transcriptase Inhibitors (NRTI)
with one Protease-Inhibitor (PI) or one Non-Nucleoside
Reverse Transcriptase Inhibitors (NNRTI) (1997–2000),
3) introduction of Lopinavir/Ritonavir as boosted PI in
one co formulation (2001–2004), 4) introduction of
secondary PI generation (2005–2006), and 5) the intro-
duction of Chemokine Coreceptor 5 (CCR5) antagonists
and integrase single strand transfer inhibitors (2007–
2010). Calendar period was included as a time-
dependent covariate so that each individual contributed
to the analyses with all time periods they had been at
risk. Time was always measured from date of serocon-
version so that comparisons across calendar periods were
only based on seroconverters who had been infected for
the same length of time. The second calendar period
(1997–2000) was used as reference period in the Cox
proportional hazard model.
Individuals were censored either by the day of the last

medical visit or by the date of the first AIDS-defining
event, defined in accordance with clinical criteria from
the 1993 Centers for Disease Control and Prevention
(CDC) case definition [12]. Individuals with pre-AIDS
mortality were censored as AIDS free at the moment of
death. Lost to follow up was defined as the number of
last medical visits in each calendar period. Due to a delay
of reporting, last medical visits in 2010 were not considered
as lost to follow up but as unknown status.
Adjustment was done for sex, HIV exposure category,

age at seroconversion and short HIV test interval
(already defined as acute seroconverters). HIV exposure
categories included, in the following order of priority:
injecting drug users (IDU), men who have sex with men
(MSM), heterosexuals, other (including blood transfusion
and occupational acquisition), and unknown. Among
heterosexuals, a new group including people originated
from high prevalence countries (HPC) was created. To
investigate whether the effects of these determinants
changed over time, we included interaction terms
between each determinant and the calendar periods at
risk. Interaction was tested using likelihood ratio tests.
Kaplan-Meier methods were used to determine the
expected survival probability (remaining AIDS-free) in
each calendar period and Log-rank tests for equality
of survivor functions. All p-values are two-sided, and a
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p-value of 0.05 or less was considered significant. All
data were analysed using STATA 11.0 (StataCorp LP,
College Station, TX, USA).

Ethics
The Seroconverter study was approved by the local
ethics committee of the Charité (University hospital) in
Berlin and reconfirmed in 2010. Informed consent was
obtained for each participant of the study.

Results
Study population
By the end of 2010, a total of 2162 eligible patients were
enrolled in the study and included in the analysis. Of
these, 214 patients were retrospectively included, namely
having a date of seroconversion before 1997. Both the
number of included patients and follow-up increased
largely after 2001, when the study was better established.
The overall median age at seroconversion was 33 years
(IQR: 27–39) without major changes over calendar periods
(Table 1). The main exposure category was MSM, repre-
senting 85.5% (1838/2162) of the study population and
resulting in a low proportion of women in the cohort (137/
2162; 6.3%). The MSM proportion increased as a propor-
tion of enrolled seroconverters in later calendar periods
(65.0% in pre-1997 to 87.6% in 2007–2010). The second
main HIV exposure category was heterosexual contacts,
representing 9.0% (195/2162) of the patients. IDU repre-
sented only 2.6% (55/2162) of the seroconverters and were
decreasingly enrolled over time. 1.5% (32/2,162) of the
Table 1 Description of the German HIV-1 Seroconverter Coho

Calendar year of serocon

Pre-1997 1997-200

Sex, female, n (%) 32 (15) 13 (7.

Age at seroconversion, (year) [median (IQR)] 30 (26–38) 32 (27–3

HIV exposure category [n (%)]

men who have sex with men 139 (65.0) 152 (82.

Injecting drug users 32 (15.0) 5 (2.

heterosexuals 34 (15.9) 16 (8.

people from high endemic country 6 (2.8) 6 (3.

others* 0 (0) 2 (1.

unknown 3 (1.4) 3 (1.

Short HIV test interval †, n (%) 33 (15.4) 53 (28.

Seroconverters, n (Follow up{) 214 (520) 185 (83

AIDS events, n, (rate±) 36 (6.9) 22 (2.

Pre-AIDS mortality, n (rate±) NA 5 (0.

Lost to follow-up, n (rate±) 2 (0.4) 85 (10.

* Occupational and blood transfusion.
† Defined as ≤3 months between last negative and first positive HIV test, or with la
{ Follow up in person-year.
± Rate calculation: number of events/100 person-years.
IQR: Interquartile range; NA: Not available.
patients originated from high prevalence countries. More
than 40% of the study population had a short HIV test
interval and this proportion increased over time. For those
including in the documented seroconverters (HIV test
interval bigger than 3 months), the HIV test interval was
between 3 and 12 months.

AIDS-defining events, incidence rate and survival
Over the 8906 person-years (PY) of follow up (median =
2.8 years; range 1 day – 23.9 years), 196 first AIDS-
defining events were reported, leading to an overall AIDS
incidence rate of 2.2 per 100 PY (95% CI, 1.9-2.5). The
AIDS incidence rate per 100 PY decreased significantly
from 6.9 in pre-1997 (95% CI, 4.9-9.6) to 2.6 (95% CI,
1.7-4.0) in 1997–2000, 1.9 (95% CI, 1.3-2.9) in 2001–
2004, 3.7 (95% CI, 2.8-5.0) in 2005–2006 and 1.3 (95%
CI, 1.1-1.7) in 2007–2010 (Table 1). Among the 196
reported AIDS-defining events, opportunistic infections
(139/196, 71%) were the most prevalent, followed by
Kaposi's sarcoma (21/196, 11%), lymphoma (15/196, 8%),
HIV encephalitis (11/196, 5%) and cachexia (10/196, 5%).
The proportion of patients developing AIDS within 2

and 10 years decreased significantly (p = 0.0001) from
14% and 50% in pre-1997 to 4% and 33% in 1997–2000,
respectively (Figure 1). The two following periods did
not show a decrease in the proportions of patients devel-
oping AIDS within 2 and 10 years in comparison to
1997–2000. In the last period (2007–2010), these pro-
portions further decreased significantly (p = 0.0129) to
4% and 11%, respectively.
rt by the end of 2010

version

0 2001-2004 2005-2006 2007-2010 Overall

0) 32 (5.6) 29 (6.2) 31 (4.2) 137 (6.3)

6) 33 (27–38) 33 (28–40) 33 (27–40) 33 (27–39)

6) 500 (88.2) 406 (87.7) 641 (87.6) 1838 (85.0)

7) 10 (1.8) 5 (1.1) 3 (0.4) 55 (2.6)

7) 40 (7.1) 41 (8.8) 64 (8.8) 195 (9.0)

2) 9 (1.6) 5 (1.1) 7 (1.0) 33 (1.5)

1) 2 (0.4) 1 (0.2) 4 (0.6) 9 (0.4)

6) 6 (1.1) 7 (1.5) 13 (1.8) 32 (1.5)

7) 206 (36.3) 208 (44.7) 401 (54.9) 901 (41.7)

7) 567 (1201) 465 (1259) 731 (5090) 2162 (8906)

6) 23 (1.9) 47 (3.7) 68 (1.3) 196 (2.2)

6) 4 (0.3) 4 (0.3) 14 (0.3) 27 (0.3)

2) 169 (14.1) 126 (10.0) 303 (10.5) 685 (10.2)

boratory evidence of seroconversion.



Figure 1 Proportion of AIDS free patients (with 95% Confident Interval) after HIV seroconversion over time, by calendar period, Germany.

Table 2 Adjusted Hazard Ratios of progression to first
AIDS-defining event in the German HIV-1 Seroconverter
Cohort, 2010

HR† 95%CI p-value

Calendar Period

Pre-1997 2.6 1.6 4.8 0.000

1997-2000 1.0 1.0 1.0 -

2001-2004 0.7 0.4 1.2 0.191

2005-2006 1.3 0.8 2.2 0.316

2007-2010 0.5 0.3 0.8 0.007

Sex, women 1.2 0.6 2.3 0.544

Age (per 10 years increase in age) 1.3 1.1 1.5 0.001

HIV exposure category

men who have sex with men 1.0 1.0 1.0 -

Injecting drug users 1.4 0.8 2.7 0.229

heterosexuals 0.8 0.4 1.5 0.479

people from high endemic country 2.3 1.0 5.3 0.053

others* 1.1 0.2 8.0 0.910

unknown 1.6 0.6 4.4 0.340

Short HIV test interval { 1.3 1.0 1.8 0.056

* Occupational and blood transfusion.
† adjusted for calendar period, sex, age at seroconversion, HIV exposure
category, short HIV test interval.
{ defined as ≤3 months between last negative and first positive HIV test, or
with laboratory evidence of seroconversion.
HR: Hazard Ratio; CI, confident interval.
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Pre-AIDS mortality and lost to follow-up
Death without AIDS, which accounted for 27 of the
cases, had a relatively stable rate over calendar periods
after 1997 (as this information was not retrospectively
collected for the pre-1997 period), from 0.6 per 100 PY
in 1997–2000 to 0.3 per 100 PY in the following periods.
The lost to follow up rate was also relatively stable over
the calendar periods, except for the pre-1997 period
where it was lower (0.4 per 100 PY) (Table 1).

Calendar periods and prognostic factors
In the multivariable model adjusted for sex, age at sero-
conversion, HIV exposure category and short HIV test
interval, two periods –i.e. 1997–2000 and 2007–2010–
were statistically associated with a reduction in the risk
of AIDS, accounting for an overall reduction of 80%.
Compared to 1997-2000, hazard ratios were 2.6 (95%CI,
1.6-4.8; p = 0.000) in pre-1997 and 0.5 (95%CI, 0.3-0.8;
p = 0.007) in 2007–2010 (Table 2). Both the 2001–2004
and 2005–2006 periods did not show significant differences
in the risk of AIDS compared to the 1997–2000
period, but only a slight non-significant increase in
2005–2006.
Older age at seroconversion was associated with an

increased risk of AIDS (HR, 1.3 per 10 year-increase;
p = 0.001). Compared to the group of MSM, the risks
among people originating from HPC and IDU were not
significantly increased, with HR of 2.3 (95%CI 1.0-5.3;
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p= 0.053) and 1.4 (95%CI, 0.8-2.8; p = 0.229), respectively.
Heterosexual transmission had a similar risk as compared
with homosexual male transmission (HR, 0.8; 95% CI 0.4-
1.5; p = 0.479).
To investigate whether the prognostic effects of these

covariates had changed over time, we included interac-
tions between calendar period and each of the covariates
in the Cox model. To reduce model instability, we
collapsed the calendar periods to pre-1997, 1997–2006
and 2007–2010, and excluded 9 patients with occupa-
tional exposure and 36 with unknown exposure. There
was no evidence of a change over time in the effect of
age (p = 0.1287) although we noticed a decrease in the
HR from 1.6 to 1.0 over the calendar periods (Table 3).
There were no significant changes in the effect of sex
and short HIV test interval. Although HIV exposure cat-
egories did not change over time (p = 0.5575), the risk of
AIDS decreased less among IDU than for the other HIV
exposure categories over the calendar periods.

Therapy/time to therapy
While mono and dual NRTI therapy were mostly used
before 1997, main combinations of HAART included 2
NRTI/PI till 2001 and a mixed of 2 NRTI/PI and 2
NRTI/NNRTI after this date. While the proportion of PY
spent on antiretroviral therapy was 51% for the whole
cohort, this proportion changes over the calendar peri-
ods, from 13% in pre-1997 to 48%, 59%, 45% and 54% in
1997–2000, 2001–2004, 2005–2006 and 2007–2010,
respectively. The median time from seroconversion to
therapy initiation was 1.3 years [interquartile range
(IQR), 0.5-2.8 years]. The temporal trend of this median
showed first a decrease from 1.6 in pre-1997 to 0.8
and 0.4 years in 1997–2000 and 2001–2004 respectively,
followed by an increase to 1.4 and 1.9 years in 2005–
2006 and 2007–2010 respectively. More precisely, this
trend was confirmed when analysing proportions of
Table 3 Interactions between prognostic factors and calendar

pre-1997

HR† 95% CI H

Sex, female 1.0 0.2-4.6

Age (per 10 years increase in age) 1.6 1.1-2.2

HIV exposure category

men who have sex with men 1

Injecting drug users 0.8 0.3 - 2.6

heterosexuals 0.2 0.04 - 1.4

people from high endemic country 2.7 0.6 – 12.7

Short HIV test interval* 1.4 1.0 – 1.9

*defined as ≤3 months between last negative and first positive HIV test, or with lab
† To ease the interpretation we show all hazard ratios in comparison to the MSM ris
HR: Hazard Ratio; CI, confident interval.
person-years spent on treatment over total follow-up
time, stratified by calendar period and categorised by the
proportion initiating treatment within 2 years, between 2
and 5 years, and more than 5 years (Figure 2). Whilst the
proportion of person-years on treatment within 2 years
after seroconversion decreased since 1997, the propor-
tion of patient-years on treatment 5 years and more after
seroconversion increased from 25% in pre-1997 to 82% in
2007–2010. The proportion initiating treatment between 2
and 5 years after seroconversion was more constant and
varied between 53 and 69% since 1997.

Discussion
By using the data from the German HIV-1 Seroconverter
Cohort, we estimated the risk of AIDS in calendar peri-
ods with different HAART regimens as well as during
mono and dual antiretroviral therapy (pre-1997). We
found an overall reduction of 80% in the risk of AIDS
over the calendar periods, which was not linear but
included two main drops, one after 1997 and one after
2007. This is the first study to our knowledge showing a
reduction in AIDS risk after 2007. However, these results
might be influenced by the fact that the study population
includes a large proportion of MSM who are more likely
to be closely monitored by HIV specialists and may
therefore not be representative of the entire German
population infected by HIV. A similar cohort study in
Spain reported significant reduction in the risk of
AIDS over calendar periods in comparison with the
pre-HAART era, but there were no differences be-
tween the calendar periods in the post-HAART era
[8]. However, the last observed calendar period was
2000–2003 and there were more IDU in the compos-
ition of this cohort than in our study. In another
study combining 22 cohorts of people living with
HIV-1 from Europe, Australia and Canada, the
authors showed an even bigger reduction in the risk
periods in the German HIV-1 Seroconverter Cohort, 2010

Calendar periods P-value for
interaction1997-2007 2007-2010

R† 95% CI HR† 95% CI

1.7 0.8 – 3.7 0.7 0.1 – 4.5 0.6509

1.4 1.2 - 1.8 1.0 0.8 - 1.4 0.1287

1 1

1.9 0.9 – 4.1 1.4 0.2 – 11.1 0.5575

1.1 0.5 - 2.4 0.5 0.1 - 2.1

2.1 0.7 - 7.0 1.6 0.2 – 13.8

1.1 0.7 - 1.8 1.7 1.0 – 2.8 0.3956

oratory evidence of seroconversion.
k of the respective calendar period.



Figure 2 Proportion of person-year (PY) under therapy over the
total PY follow up from seroconversion, stratified by time from
seroconversion and calendar period, Germany.
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of AIDS, with a relative risk of 0.46 and 0.13 after
1997 and after 2001, respectively [6].
Our results showed an overall increase in HAART up-

take, which likely parallels the decrease in AIDS risk.
These trends have also been seen in the UK, where the
proportion of patients being treated by antiretroviral
therapy increased from less than 2% in pre-1996 to 58%
in 2004–2006 [7]. The decrease in HAART uptake in
2005–2006 in our study, associated with an increase
in AIDS risk and AIDS incidence in the same period,
supports the hypothesis of this association between
HAART uptake and AIDS risk. Increasing HAART up-
take benefits could have been balanced by an increasing
prevalence of Transmitted Drug Resistance (TDR) over
the calendar periods. However, one previous study in
the same cohort of seroconverters indicated a stable
prevalence of TDR over the time [13]. Other factors
related to the improvements in drug quality, including
safety and galenic formulation easing intake, together
with increases in HIV-knowledge among health pro-
fessionals have probably also contributed to the de-
crease in AIDS risk.
We observed a trend towards initiating treatment later

following seroconversion in later calendar periods. This
could be explained by the different recommendations
in Germany since 1997. Following the Vancouver
Conference [14] and the increasing uptake of HAART,
the main attitude in Germany was to “hit hard and
early” [15]. In 2002, following the large proportion of
people with antiretroviral therapy side effects/toxicity,
the German AIDS Society recommended to start therapy
below a threshold of 200 CD4+ cells per μL [16]. This
recommendation might partially explain the slight
decrease in HAART uptake and consequently, the slight
increase in AIDS risk for the period 2005–2006 in our
study. In 2008, recommendations were revised to initiate
the antiretroviral therapy below a threshold of 350 CD4+
cells per μL [17]. Surprisingly, this last recommendation
was not associated with an increase, neither in the median
time to treatment initiation nor in the proportion of
people being treated less than 2 years and between 2 and
5 years after seroconversion. However, this last period was
associated with a decrease in AIDS risk, indicating that
factors other than time to treatment initiation may play a
more important role in disease progression.
The main determinant that affects disease progression

in our cohort was age at seroconversion. This factor,
together with duration of infection, was already known
to be a crucial determinant of HIV disease progression
in developed countries before the introduction of
HAART [5]. However, age disparities seem to diminish
over the calendar periods in our cohort, as already
shown in another study including 22 cohorts [6].
Our results did not show an effect of sex on AIDS risk.

This result contrasts with recent studies that reported a
slower disease progression among women than men
[8,18]. However, the number of women in our study
population was too small to detect any potential
differences.
Comparing disease progression rates between trans-

mission risk groups in our study was difficult, consider-
ing the large proportion of MSM compared to the other
transmission groups. However, the trend over the calen-
dar periods showed that IDU had a smaller reduction in
AIDS risk as compared with the others risk groups. This
result is supported by Porter et al., reporting a smaller
reduction in AIDS risk in the post- HAART era among
IDU [6]. However, other causes of mortality, such as
hepatitis C, could confound this result. People from high
HIV prevalence countries had at higher, although non-
significant risk for progression to AIDS. Furthermore,
the risk seems to decrease with the calendar periods.
This result should reflect a heterogeneous population
and be interpreted with caution because of the small
number of people in this group. Nevertheless, access to
health services, health insurance status, poor adherence
to treatment [19] and other co-morbidities could have
played a role and may require special attention for this
group.
The presence of seroconversion illness, typically char-

acterized by “flu-like” symptoms, has been reported to
be associated with a more rapid disease progression
[20,21]. In order to avoid recall bias, short HIV test
interval has been reported to be a good proxy for the
presence of seroconversion illness [21]. In our study,
short HIV test interval factor showed a slight effect,
which appears to increase over time. However, this result
depends on the quality of the tests used and on the time
interval chosen to define “a short test interval”.
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This study’s principal strength is its good quality
data on date of seroconversion, permitting reliable
approximation of AIDS incidence and risk. This study
also has the advantage of providing data for more
than 13 years of prospective follow-up from different
settings, representing roughly 10% of all new HIV
diagnoses reported to the national HIV surveillance
since 2004. However, some limitations have to be
raised. First, the data for the pre-1997 period are
retrospective and may not be as reliable as the data
from the prospective period. Patients in this period
were included regardless of their AIDS outcome; a
survivorship bias might have been introduced as
patients have to sign an informed consent at study
entry. Regarding the pre-AIDS mortality, this bias
might have been limited as the pre-AIDS mortality
rates were relatively stable and at a very low level
during the prospective periods. Regarding the lost to
follow up, rates were relatively stable over the time
periods but were at a high level. If lost to follow up
subjects have a more rapid progression, the pre-1997
period in our study might underestimate the risk of
AIDS in comparison to the other periods but our
results remain conservative to this regard. Alterna-
tively, we might have overestimate the first decrease
in the AIDS risk if lost to follow up subjects have a
slower disease progression. Considering only the peri-
ods after 1997, a bias might have been introduced if
lost of follow up subjects differ between the periods.
Further analyses (e.g. competing risk analysis) should
be performed to better answer that issue. Another
issue is that women are largely underrepresented in
this study (6.2%) in comparison with the national
reporting system, in which women accounted for as
many as 20% of all new diagnoses between 1997 and
2010. This proportion does not allow us to analyze
the effects of sex and HIV transmission categories
with enough power. Finally, we assumed continuous
HAART intake after treatment initiation. This limita-
tion might be important for the interpretation of the
proportion of people being treated by calendar period.
However, this does not change the interpretation of
the effectiveness over time. The treatment was consid-
ered to be HAART (i.e., three or more drugs that are
from two or more classes, or that contain abacavir) in
every calendar period from 1997 onwards, even if this
might not be the case for one or two percent.

Conclusions
HAART effectiveness has improved in the German HIV-1-
Seroconverter Cohort. After a main reduction in the risk of
AIDS in 1997–2000, a second significant decrease occurred
in 2007–2010. However, elderly may require particular
monitoring in view of their faster progression to AIDS.
Abbreviations
AIDS: Acquired immunodeficiency syndrome; CDC: Centres for Disease
Control and Prevention; HAART: Highly Active Anti Retroviral Therapy;
HPC: People from high HIV prevalence countries; HR: Hazard ratio;
IDU: Injecting drug users; IQR: Interquartile Range; MSM: Men who have sex
with men; NRTI: Nucleoside reverse transcriptase inhibitor; NNRT: Non-
nucleoside reverse transcriptase inhibitor; PI: Protease inhibitor.

Competing interests
The authors declare that they have no competing interests.

Author contributions
All authors were involved in asking the research question presented in this
manuscript. MA was responsible for statistical analyses together with MadH.
MA wrote the first draft of the paper. All authors reviewed the final
manuscript.

Source of funding
The German HIV-1 Seroconverter Cohort is funded by the German Ministry of
Health.

Acknowledgments
The authors thank all the participating collaborators of the German HIV-1
Seroconverter Study Group. They thank Parvin Ghassim and Christian Kollan
for the development of the data base and their administrative assistance.
They thank Manuel Dehnert for his support in the statistical analyses and
Johanna Rankin for her English editing.

Received: 12 September 2011 Accepted: 19 April 2012
Published: 19 April 2012

References
1. Tarwater PM, Mellors J, Gore ME, Margolick JB, Phair J, Detels R, Munoz A:

Methods to assess population effectiveness of therapies in human
immunodeficiency virus incident and prevalent cohorts. Am J Epidemiol
2001, 154(7):675–681.

2. Miettinen OS: The need for randomization in the study of intended
effects. Stat Med 1983, 2(2):267–271.

3. Palella FJ Jr, Delaney KM, Moorman AC, Loveless MO, Fuhrer J, Satten GA,
Aschman DJ, Holmberg SD: Declining morbidity and mortality among
patients with advanced human immunodeficiency virus infection. HIV
Outpatient Study Investigators. N Engl J Med 1998, 338(13):853–860.

4. Detels R, Munoz A, McFarlane G, Kingsley LA, Margolick JB, Giorgi J, Schrager
LK, Phair JP: Effectiveness of potent antiretroviral therapy on time to AIDS
and death in men with known HIV infection duration. Multicenter AIDS
Cohort Study Investigators. JAMA 1998, 280(17):1497–1503.

5. Time from HIV-1 seroconversion to AIDS and death before widespread use
of highly-active antiretroviral therapy: a collaborative re-analysis:
Collaborative Group on AIDS Incubation and HIV Survival including the
CASCADE EU Concerted Action. Concerted Action on SeroConversion to
AIDS and Death in Europe. Lancet 2000, 355(9210):1131–1137.

6. Porter K, Babiker A, Bhaskaran K, Darbyshire J, Pezzotti P, Walker AS:
Determinants of survival following HIV-1 seroconversion after the
introduction of HAART. Lancet 2003, 362(9392):1267–1274.

7. Ewings FM, Bhaskaran K, McLean K, Hawkins D, Fisher M, Fidler S, Gilson R,
Nock D, Brettle R, Johnson M, et al: Survival following HIV infection of a
cohort followed up from seroconversion in the UK. AIDS 2008, 22(1):89–
95.

8. Perez-Hoyos S, Ferreros I, del Amo J, Muga R, del Romero J, de Olalla PG,
Hernandez-Aguado I: Survival and progression to AIDS in a seroconverter
cohort in the post-highly active antiretroviral therapy era: effectiveness
goes on. AIDS 2006, 20(2):289–291.

9. Kerwat K, Just M, Wulf H: The German Protection against Infection Act
(Infektionsschutzgesetz (IfSG)). Anasthesiol Intensivmed Notfallmed
Schmerzther 2009, 44(3):182–183.

10. Bartmeyer B, Kuecherer C, Houareau C, Werning J, Keeren K, Somogyi S,
Kollan C, Jessen H, Dupke S, Hamouda O: Prevalence of transmitted drug
resistance and impact of transmitted resistance on treatment success in
the German HIV-1 Seroconverter Cohort. PLoS One 2010, 5(10):e12718.

11. Clayton C HM: Statistical models in epidemiology. 1993.



Altmann et al. BMC Infectious Diseases 2012, 12:94 Page 8 of 8
http://www.biomedcentral.com/1471-2334/12/94
12. From the Centers for Disease Control and Prevention: 1993 revised
classification system for HIV infection and expanded surveillance case
definition for AIDS among adolescents and adults. JAMA 1993, 269
(6):729–730.

13. Bartmeyer B, Kuecherer C, Houareau C, Werning J, Keeren K, Somogyi S,
Kollan C, Jessen H, Dupke S, Hamouda O, et al: Prevalence of transmitted
drug resistance and impact of transmitted resistance on treatment
success in the German HIV-1 Seroconverter Cohort. PLoS One 2010, 5(10):
e12718.

14. Williams IG, De Cock KM: The XI international conference on AIDS.
Vancouver 7–12 July 1996. A review of Clinical Science Track B.
Genitourin Med 1996, 72(5):365–369.

15. Robert Koch Institute: Weekly report [Epidemiologisches Bulletin]. In., vol.
48; 2009.

16. Antiretroviral therapy of HIV infection: German-Austrian recommendations
(July 2002). Eur J Med Res 2003, 8(6):257–274.

17. [Antiretroviral therapy of HIV infection. German-Austrian guidelines
(position in September 2008)]. Dtsch Med Wochenschr 2009, 134 Suppl 1:
S4-15.

18. Jarrin I, Geskus R, Bhaskaran K, Prins M, Perez-Hoyos S, Muga R, Hernandez-
Aguado I, Meyer L, Porter K, del Amo J: Gender differences in HIV
progression to AIDS and death in industrialized countries: slower disease
progression following HIV seroconversion in women. Am J Epidemiol
2008, 168(5):532–540.

19. van den Berg JB, Hak E, Vervoort SC, Hoepelman IM, Boucher CA,
Schuurman R, Schneider MM: Increased risk of early virological failure in
non-European HIV-1-infected patients in a Dutch cohort on highly active
antiretroviral therapy. HIV Med 2005, 6(5):299–306.

20. Lindback S, Brostrom C, Karlsson A, Gaines H: Does symptomatic primary
HIV-1 infection accelerate progression to CDC stage IV disease, CD4
count below 200 x 10(6)/l, AIDS, and death from AIDS? BMJ 1994, 309
(6968):1535–1537.

21. Tyrer F, Walker AS, Gillett J, Porter K: The relationship between HIV
seroconversion illness, HIV test interval and time to AIDS in a
seroconverter cohort. Epidemiol Infect 2003, 131(3):1117–1123.

doi:10.1186/1471-2334-12-94
Cite this article as: Altmann et al: The risk of AIDS-defining events is
decreasing over time in the German HIV-1 Seroconverter Cohort. BMC
Infectious Diseases 2012, 12:94.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Data collection
	Statistical analyses
	Ethics

	Results
	Study population
	AIDS-defining events, incidence rate and survival

	link_Tab1
	Pre-AIDS mortality and lost to follow-up
	Calendar periods and prognostic factors

	link_Fig1
	link_Tab2
	Therapy/time to therapy

	Discussion
	link_Tab3
	link_Fig2
	Conclusions
	show[a]
	Acknowledgments
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


