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How did the study come about?
The Swiss HIV Cohort study (SHCS) was established
in 1988. It is an ongoing multicentre, prospective
observational study for interdisciplinary human
immunodeficiency virus (HIV) research in clinical,
translational, basic, epidemiological and social
sciences, and for addressing public health questions.
It started with the enrolment of HIV-infected adults
aged 516 years in a multicentre study and originally
was financed by the Swiss Federal Office of Public
Health (FOPH). Some data going back to 1981 have
been collected retrospectively. In 1995, the SHCS was
reorganized with a clear separation between research
and infrastructure budget. A Scientific Board, respon-
sible for the evaluation of nested research projects
within a defined budget envelop, was established.
Moreover, each centre has been compensated/
penalized according to its performance and, last
but not least, quality control programmes have been
implemented. In 2000 the representatives of clinics
and laboratories were merged in the Clinics &
Laboratories Committee. At the same time, funding
was transferred from the FOPH to the Swiss
National Science Foundation (SNSF).

The Swiss Mother & Child HIV Cohort Study
(MoCHiV) founded in 1998 as a merger of the
‘Swiss Neonatal HIV Study’ and the ‘Swiss HIV &
Pregnancy Study’ (initiated in 1986 and 1989, respec-
tively) was fully integrated in the adult SHCS in 2003.
Thus, longitudinal data in women included in both
cohorts became available for research, rendering
MoCHiV a very unique mother–child cohort.

The data collection is strictly anonymous and written
informed consent is mandatory prior to inclusion. Since
2002 an additional informed consent for genetic
analyses is asked for and since 2006 patients general
informed consent includes consent for genetic analyses.

Today, the SHCS is a powerful tool for the investi-
gation of HIV-infected patients in respect to:

(i) challenges of modern antiretroviral treatment
[e.g. combined antiretroviral therapy (cART)
effectiveness, drug resistance and toxicity] in
adults and children;

(ii) monitoring the effects of cART on a national
and international level (e.g. cardiovascular
side effects of treatment);

(iii) social aspects of the disease in an increasingly
aging population;

(iv) virus–host interactions, cell biological and
genetic mechanisms of the disease;

(v) transmission of HIV-1 on population level; and
(vi) treatment during and outcome of pregnancy;

vertical transmission.

Who is in the sample and
what does it cover?
The number of newly registered patients in the cohort
has increased in parallel to the epidemic character of
the disease in the Swiss population. The peak of regis-
trations (n¼ 836) in the SHCS (1997) was reached,
however, with a delay of 5 years to the peak of infec-
tions newly declared to the Swiss health authorities.
This peak marks as well the time when cART and
highly active antiretroviral therapy (HAART) were
introduced and therefore a newly available treatment
option became available, which made it more attrac-
tive for infected patients to seek for care at one of the
specialized centres. Thereafter, the number of regis-
tered patients decreased to 576 in the year 2000 and
has remained stable since. Furthermore, a stable
number of 60 mother–child pairs have been recruited
per year.

Switzerland has a federalistic health-care system
without national patient registries, therefore the
SHCS and the MoCHiV have been a collaboration
of seven specialized centres (all five Swiss university
hospitals situated in Basel, Bern, Geneva, Lausanne
and Zurich, and additionally two cantonal reference
hospitals St Gallen and Ticino) acquiring patients for
the cohort. Since 1995, interested private physicians
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and regional hospitals taking care of HIV-infected
patients can also participate in the SHCS by sending
their reports and blood samples for storage to the
next local centre. The cohort study is managed by
the coordination- and datacentre in Lausanne.

Today the SHCS includes HIV-infected individuals
aged 518 years and is estimated to cover �45% of
the cumulative number of HIV infections declared to
the Swiss health authorities and 69% of people with
acquired immune deficiency syndrome (AIDS) living
in Switzerland. The demographic and selected base-
line characteristics of the SHCS are presented in
Table 1. By March 2009, a total of 15 624 patients
were included cumulatively, of whom 71.2% were
males [69.5% males of active participants
(n¼ 7340)] (Figure 1). Men having sex with men
(MSM) was reported as the presumed route of infec-
tion in 34.7% of all cases (40.1% of active patients)
and 5020 persons (32.1%) were infected heterosexu-
ally (38.8% of active patients). Of all patients, 29.5%
were infected through intravenous drug use (16.8% of
active patients). The median age at enrolment has
increased slightly over time. By March 2009 the age
at enrolment of men is 34.3 years and of women is
30.0 years. The MoCHiV cohort covers data of children
(infected or uninfected) born to infected mothers
(n¼ 1363) and, additionally, infected children of
unknown mothers. In total, 1540 children—of
whom 257 are HIV infected—have been registered
in MoCHiV. Currently, 136 healthy and 77 infected
children have been under follow-up and 61 infected
children have died so far (Table 2).

What data are collected on a
regular basis?
In the SHCS, a standardized protocol is used for data
collection. Socio-demographic and behavioural data
are recorded at entry to the study (i.e. year of birth,
gender, last negative HIV test, presumed mode of
transmission, comorbidities, etc.). Categories of pre-
sumed transmission include MSM, heterosexually
infected patients, injecting drug users, patients
infected via blood products and patients with
unknown route of infection. Various serological labo-
ratory tests are routinely performed at registration.
At each semi-annual follow-up visit laboratory and
clinical data are obtained. The antiretroviral treatment
is documented in detail. Additional interim CD3/4/8,
viral load and general safety laboratory determina-
tions are also recorded, if available. Related to preg-
nancy, additional gynaecological and neonatal data
are collected. Moreover, in the SHCS a repository
of plasma/serum (twice a year), and viable cells/cell
pellets (once a year) has been built up since the
beginning of the cohort. To date, 547 646 plasma,
239 999 cell, 245 719 serum and 18 720 cell pellet T
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samples have been collected and are available for
research purposes.

In MoCHiV a standardized protocol is used as well. The
collection of data includes both pregnancy and delivery
data of the infected mothers and clinical follow-up data
of the children born to these infected mothers (Figure 2)
and of infected children, where the mother is unknown.
The inclusion of non-infected children exposed to
maternal antiretroviral treatment during pregnancy
enables the study of prospectively potential long-term
adverse events of this multi-drug exposure.

The standardized protocol for data collection in both
cohorts is adapted regularly to meet the needs of ever-
changing research questions (i.e. adverse events of
antiretroviral drugs, adherence to drug therapy and
cardiovascular risk factors, presumably HIV-associated
non-AIDS events such as liver or renal failure, cardio-
vascular diseases and others).

The written informed consent for genetic analyses,
introduced in 2002, allows the analysis of genetic
predictors of disease progression, adverse events to
drugs and pharmacogenetics. So far, genetic analyses
of 2481 patients have been performed with a mean
of 60 single nucleotide polymorphisms (SNPs) (range
1–258 SNPs). Genome-wide high coverage genotyping
has been performed in 1075 patients.

Since 2002, a large effort has been made to create
the SHCS genotypic drug resistance database. All gen-
otypic drug resistance tests generated in Switzerland
are entered into a central database (Integrated
Database Network System [SmartGene, Zug,
Switzerland]) on the nucleotide level and—in
2005—were anonymously linked to the clinical data-
base. In addition, more than 5000 genotypes were
generated retrospectively including 100 in vertically
infected children. Currently, over 12 000 linked

Figure 1 Age and gender structure of all participants in the SHCS (n¼ 15 624) at registration

Table 2 Demographic and selected baseline characteristics of all MoCHiV participants in the seven centres

MoCHiV Total Basel Bern Genf Lausanne St Gallen Ticino Zürich

Registered children 1540 239 191 218 270 79 80 428

Female children (%) 768 (49.9) 126 (52.7) 86 (45) 114 (52.3) 143 (53) 37 (46.8) 41 (51.3) 205 (47.9)

Infected patients (%) 257 (17.2) 34 (14.7) 32 (17.1) 50 (24.2) 42 (15.8) 15 (19.5) 13 (17.1) 65 (15.5)

Missing infection status 44 8 4 11 4 2 4 9

Loss to follow-up

Total loss to follow-up 641 (41.5) 80 (33.4) 76 (39.7) 86 (39.5) 100 (37) 33 (44.3) 35 (43.8) 222 (51.6)

Patients died (%) 78 (12.0) 6 (7.5) 9 (11.8) 11 (12.8) 14 (14) 2 (6) 7 (20) 27 (12.2)

Infected (two missing) 61 6 5 7 10 2 7 22

Uninfected 8 3 2 3 0 0 0 0

Unknown status 9 0 1 2 1 0 0 5

Patients transferred to
and merged in SHCS

32 4 3 6 7 1 0 11
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sequences of genotypic resistance tests are available
for analysis.

Data quality is regularly checked by the data centre
and a quality incentive system is in place. Due to
modern IT techniques it has become possible to auto-
matically transfer the electronic reports from the main
laboratories to the data centre, which has had an
important impact on data quality.

How often have they been
followed up, how long have they
been followed up and what is
the attrition rate?
The HIV patients are followed in the cohort on an
outpatient basis semi-annually. The cohort has
91 701 years of follow-up from 15 624 patients. Loss
to follow-up and death are reported by the local cen-
tres (total of 8275 patients). Thus far, 4337 (52.4%)
patients died, 645 (7.8%) patients moved to a foreign
country, 652 (7.9%) patients wanted to discontinue,
2177 (26.3%) changed address or did not respond to
written invitations, 153 (1.8%) patients left the cohort
for other reasons and, finally, 311 (3.8%) patients
switched care to non-cohort physicians.

What has been found? Key
findings and publications
The SHCS has a wide scope of research activities. The
most important key findings in the SHCS since the
beginning are as follows.

(i) Important contributions to the understanding
of the HIV epidemic in Switzerland, to the

clinical and psychosocial situation of people
infected with HIV in this country, and to a
country-wide high standard of the clinical man-
agement of HIV infection, guaranteed by the
active network of the SHCS.

(ii) Repetitive timely and accurate documentations
of the beneficial/adverse effects of cART.1–3

(iii) The drug resistance database has allowed the
SHCS to make significant contributions to the
recent new recommendations on drug resis-
tance testing of the IAS-USA 20084 with
regard to representative high-quality long-term
studies on transmission of HIV-1 drug resis-
tance,5 on long-term trends in prevalence of
HIV-1 drug resistance at the population level,6

on emergence of drug resistance according to
different regimen types after first line failure7,8

and on cost effectiveness of resistance testing.7

(iv) Substantial contributions9–16 to the most recent
guidelines for prevention and treatment of
opportunistic infections in HIV-infected adults
and adolescents, to recommendations from the
U.S. Center of Disease Control and Prevention,
the National Institutes of Health and the HIV
Medicine Association of the Infectious Diseases
Society of America.17

(v) A strong commitment to the development of a
genetic study. This required a careful assess-
ment of legal and ethical issues, the universal
request of informed consent from cohort parti-
cipants, and the development of appropriate
laboratory support for storage of nucleic acids
and for genotyping. This structure allowed the
conclusion of the first genome-wide association
study in the field18 as well as a continued
development of pharmacogenetics.19–23 The
Swiss HIV Cohort is a partner of http://www
.hiv-pharmacogenomics.org, a public domain

Figure 2 Percentage of vertical HIV transmission in all registered deliveries per year
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database that provides a complete and updated
report on all published genetic association in
the field of HIV.

In MoCHiV the most important findings include:

(i) the protective effect of elective cesarean section
for vertical transmission; and24

(ii) the observation of an increased prematurity
rate after combined antiretroviral treatment
(cART) during pregnancy.25,26

The SHCS rendered possible the publication of a
vast number of scientific articles (Figure 3) since
the beginning (127 original publications before the
year 2000 and 205 since 2000). Since 2007, the
core interest and main focus includes clinical and
epidemiological questions of HIV infection. Several
researchers have investigated questions concerning
the treatment with the nowadays most potent cART
therapy. Publications cover resistance to treatment,
cost effectiveness and adherence problems,5–8,27–31

side effects of treatment,32–37 treatment efficacy38–46

and natural history in children.47 An increasing
number of genetic analyses combined with efficacy,
adverse reactions and efficiency of treatment are pub-
lished.48 Other fields of investigation comprise ques-
tions about co-infections14,49 and comorbidity in the
nowadays aging population of patients50–52 and the
side effect of continuous treatment.34,53 Thereby,
cardiovascular and metabolic problems are predomi-
nant,51–56 other investigations include opportunistic
infections and the nature and influence of HAART-
associated immune reconstitution on opportunistic
diseases.14,57–61 HIV-related immunodeficiency as a
risk factor for neoplasias is another field of investiga-
tion60,62–67 and genetic determinants (viral and host)
have become increasingly important in respect of
treatment.20,68–77

Due to the combined MoChiV database, questions
concerning the treatment in pregnancy and the influ-
ence of treatment in the newborn can be studied.78–80

Social aspects of the HIV patients in Switzerland,
which have become increasingly important due to
the successful treatment options, are covered.81–85

The broad range of investigations of the SHCS
in the past 2 years is rounded off with method-
ological papers86 and international collaboration
studies.18,50,87–103

What are the main strengths
and weaknesses?
Due to the chronic character of the disease with
dependence of patients to a close follow-up and
compulsory treatment regimen the participants are
rarely lost to follow-up (33.6/1000 patient years).
Therefore, a long observation period can be guaran-
teed, which is most important for a cohort study.
Further advantages are the standardized protocol,
which guarantees a high quality of care. Concerning
the organization, the strengths of the SHCS are
mainly the participative and flexible manner, minimal
administrative burden, the professional data manage-
ment with quality control, the evolution and flexibil-
ity of the study protocol as well as a large coverage of
patients concerned. A special strength of the SHCS is
the participation and/or leadership role in interna-
tional collaborations (EuroSIDA, PLATO, D:A:D., HIV
& Cancer, ART-CC, CASCADE, COHERE, EuroCHAVI,
CHAIN, PENTA and other international collaborations
including the developing world ART-LINC). As a
result, 154 publications from international active col-
laboration and participation in international steering
boards involving the SHCS and MoCHiV have been

Figure 3 Number of publications and mean impact factor of the journals, in which the respective studies were published
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published since 1995. Rapid evaluation of projects
through the Scientific Board, rules for authorship
and a scientific independence concerning the funding
of nested research projects within the given budget
envelop are further advantages of the SHCS. Other
benefits include complete data on HIV-infected
patients over a long period of time, which allows
the study of several effects of exposure and the cal-
culation of rates and risks. In addition, the availability
of stored plasma/serum and viable cells/cell pellets
over the whole follow-up period of the patients
allows laboratory analyses with the newest technolo-
gies on the whole study period addressing unique
research questions such as historical virus and host
characteristics.28,60,104 With the possibility of genetic
analyses and the integrated HIV resistance database
the SHCS is well prepared for future innovative pro-
jects in the field. In addition, patients can also directly
profit from stored samples, e.g. by retrospective resis-
tance testing that can be done on demand if necessary
for optimal treatment decisions.

Hence, due to the strict confidentiality laws in
Switzerland to guarantee the protection of privacy,
no hard data exist that could allow exact calculations,
of how representative the SHCS is compared with
all HIV-positive tested persons in Switzerland.
Nevertheless, a recent comparison of drug sales data
for Switzerland (Source: IMS Health GmbH,
Sonnenbergstrasse 11, 6052 Hergiswil, Switzerland)
with treatment data in the Swiss HIV Cohort Study
for 2006–2008 showed that the 75.1% (weighted
mean of all three years) of antiretroviral drug pre-
scriptions in Switzerland can be attributed to patients
enrolled in the SHCS. Ongoing challenges for the
cohort are the rapidly changing treatment options
and clinical presentations of new side effects, which
have to be taken into account and adjusted for with
new variables collected. Longstanding, dedicated and
skilled staff are required, which increases the cost of
the cohort.

How can I collaborate? Where
can I find out more?
Physicians and regional hospital centres interested
in a collaboration can contact one of the seven out-
patient clinics (local centres), which will provide more
information. Patients interested in participating are
welcome and asked to contact a collaborating physi-
cian, regional hospital or directly one of the seven
outpatient clinics. The SHCS has a website covering
the most important information: http://www.shcs.ch.
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