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ABSTRACT

Background and aims: An HIV outbreak among Finnish injecting drug 
users (IDUs) occurred in 1998. By the end of 2005, 282 IDUs were infected, 
most of them by recombinant virus CRF01_AEFin of HIV. After a rapid 
spread, the outbreak subsided, and the prevalence of HIV among IDUs 
remained low (<2%). The purpose of the study was to describe the outbreak 
in order to recognise factors that have influenced the spread and restriction 
of the outbreak, and thus to find tools for HIV prevention. 

Subjects and Methods: Data on IDUs newly diagnosed HIV-positive in 
the Helsinki University Central Hospital area between 1998 and 2005 was 
collected through interviews and patient documents. Study I compared 
markers of disease progression (CD4 cell count and viral load) between 93 
Finnish IDUs and 63 Dutch IDUs representing two seroconverter cohorts 
infected by different subtypes of HIV. In study II, sociodemographic data and 
geographical distribution of 98 Finnish IDUs diagnosed in 1998-2000 was 
compared to data on 47 IDUs diagnosed in 2001-2003, and combined with 
the spatial distribution of employed males. In study III, risk behaviour data 
from interviews of 89 HIV-positive IDUs and 207 HIV-negative IDUs from 
the Riski cohort was linked, and prevalence and risk factors for unprotected 
sex were evaluated. In study IV, data on 238 newly diagnosed IDUs was 
combined with data on Finnish sub-epidemics among men who have sex 
with men (MSM) (n=396) and heterosexuals (n=279) between 1985 and 
2005, and trends and risk factors for late HIV diagnosis (CD4 cell count 
<200/µL, or AIDS within 3 months of HIV diagnosis) were analysed.

Results: Shortly after HIV infection, Finnish IDUs infected with CRF01_
AEFin exhibited higher viral loads than Amsterdam IDUs infected with 
subtype B. Six months after seroconversion the predicted CD4 lymphocyte 
levels did not differ (535 cells/µL and 551 cells/µL, respectively), and there 
was no difference in CD4 development. The Finnish IDU outbreak spread 
and was restricted socially in a very marginalised IDU population and 
geographically in areas characterised by low proportions of employed males 
and low income. Up to 40% of the cases in the two clusters outside city centre 
had no contact with centre, where needle exchange services were available. 
Up to 63% of HIV-positive and 80% of HIV-negative sexually active IDUs 
reported inconsistent condom use within past 6 months. Unprotected sex 
was associated with steady relationships and recent addiction treatment. 
Compared to other transmission groups, HIV-positive IDUs were diagnosed 
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earlier in their infection. During 1998-2001 the median CD4 cell count was 
490 cells/ µL, and only 6% of IDUs were diagnosed late. The sub-epidemics 
among MSM and heterosexuals were also detected relatively early in 1980’s, 
with high median CD4 counts during the four first years of the outbreak 
(575 and 545 cells/µL, respectively) and low proportion of late diagnosed 
cases (13% and 18%, respectively).

Conclusions: The high viral load in early HIV infection may have contributed 
to the rapid spread of recombinant virus in the Finnish outbreak. The 
outbreak was restricted to a marginalised IDU population, and spatially to 
local pockets of poverty. To prevent HIV among IDUs, these pockets should 
be recognised and reached early by outreach work and distribution of needle 
exchange and other prevention activities. To prevent sexual transmission of 
HIV among IDUs, the results suggest that prevention programmes should 
be combined with addiction care services and targeted at every IDU. Among 
Finnish IDUs, early implementation of needle exchange and other preventive 
measures likely played a crucial role in reversing the HIV outbreak.
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ABBREVIATIONS

AIDS aquired immunodeficiency syndrome
ACS Amsterdam Cohort Study
cART combination antiretroviral therapy
CI confidence interval
HAART highly active antiretroviral therapy
HCS Helsinki Cohort Study
HIV human immunodeficiency virus
HUCH Helsinki University Central Hospital
HCV hepatitis C virus
IDU injecting drug user
MSM men who have sex with men
MMT methadone maintenance treatment
NEP needle exchange programme
NGO non-governmental organisation
NIDR National Infectious Disease Register
NSP needle syringe programme
OR odds ratio
OST opiate substitution treatment
STARHS serologigal testing algorithm for recent HIV 

seroconversion
UNAIDS Joint United Nations Programme on HIV/AIDS 
VCT voluntary councelling and testing
WHO World Health Organization
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1. INTRODUCTION

HIV has caused one of the world’s worst pandemics that has spread over 
all continents and poses a major challenge to global public health. Where 
heterosexual transmissions in Sub-Saharan Africa are declining first time in 
history, the epidemic among injecting drug users (IDUs) is still expanding, 
especially in Asia and East Europe.1, 2

The spread of HIV among IDUs is a complex issue influenced by 
behavioural, viral, social, political, geographical and economic factors. The 
parenteral transmission of HIV through infected blood is also more efficient 
than the sexual transmission mode.3   In addition, IDUs share other routes of 
HIV transmission: sexual transmissions and indirectly, vertical transmissions 
from mother to child.4, 5 Despite more than 25 years of studies, experience 
and evidence in HIV prevention among IDUs, the epidemic continues. 

In Finland, HIV spread among men who have sex with men (MSM) in 
1980’s and among heterosexuals some years later. In contrast to many other 
Western countries that experienced IDU epidemics already in 1980’s, the 
epidemic among Finnish IDUs spread as late as 1998. Thus, the Finnish 
outbreak is timely and geographically close to the large outbreaks of Eastern 
Europe, but the size of the outbreak remained small and it was limited mainly 
to the Helsinki metropolitan area.6

The rapid spread of the outbreak made it possible to identify seroconverters, 
cases where time of transmission can be estimated based on an earlier HIV-
negative test. Among these cases, it is possible to study the natural history 
of HIV infection in the cohort. The whole epidemic was caused by the 
same recombinant strain CRF01_AEFin, which created a possibility to study 
differences in disease progression between CRF01_AEFin and subtype B 
through international collaboration.7 Helsinki University Central Hospital 
(HUCH) provides services in infectious diseases to about 80% of Finnish 
injecting drug users infected with the recombinant virus. The low threshold 
treatment system made it possible to collect information of majority of HIV-
infected IDUs, and also to reach them for interviews. The data was collected 
from patient documents, and 151 HIV-infected IDUs were interviewed for 
the study.

The purpose of this study was to characterise the IDU outbreak in 
Finland in order to recognise factors that have influenced the spread and the 
restriction of the outbreak. Understanding the backgrounds and dynamics of 
this outbreak may help us to find tools for HIV prevention among IDUs. 
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2. REVIEW OF THE LITERATURE

2.1. Epidemiology of HIV 

2.1.1. Global epidemiology of HIV

The first cases of aquired immunodeficiency syndrome (AIDS) were reported 
from United States (US) in 1981.8 Human immunodeficiency virus (HIV) 
was recognised as the cause of AIDS in 1983, and the HIV antibody test 
became available two years later.9, 10 By that time, HIV had already spread 
widely among men who have sex with men (MSM) and injecting drug 
users (IDUs) throughout Europe and North America.11 However, recent 
phylogenetic analyses suggest that the virus began to spread in Africa more 
than 60 years earlier, near the beginning of the twentieth century.12 In late 
1980’s HIV pandemic had reached all the continents and continued to 
grow.

The global epidemiology of HIV is unequal. The area of Sub-Saharan 
Africa is worstly affected. In many Sub-Saharan countries, HIV epidemics 
are generalised, i.e. self-sustaining in the population, and the prevalence of 
HIV in pregnant women is over 1% nationwide.13 In 8 countries of Southern 
Africa, HIV prevalence exceeds 15%. More than 67% of HIV cases and 75% 
of AIDS deaths occurred in Sub-Saharan Africa in 2007.1 

Most countries in the world have concentrated HIV-1 epidemics, i.e. 
HIV infection is detected in specific groups at risk, including MSM, IDUs, 
sex workers and their regular partners.13 In large populations like South 
and Southeast Asia, the numbers of infected persons are high, even if the 
epidemic in the general population is low. The United States (US) is the 
country most heavily affected of the industrialised nations. In the US, the 
epidemic is concentrated in ethnic minorities and groups at risk, and there 
is a wide geographical variation in HIV prevalence within the country.14 In 
Western Europe, HIV has spread mostly among MSM and IDUs. However, 
heterosexual transmissions have increased, many of them found among 
immigrants.1 During 1997-2002 two thirds of all heterosexually transmitted 
HIV infections diagnosed in Europe were in people from countries with 
generalised HIV epidemics. This reflects the worsening of the HIV epidemic 
in Africa during the 1990s and changing world migration patterns.15

In Finland and in some other European countries the HIV epidemic 
is at low level, i.e. HIV prevalence remains under 5% in any defined 
subpopulations.1,13
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Since 2000, the global percentage of people living with HIV has stabilised. 
The overall number of people living with HIV has increased to 33 millions 
as a result of new infections and beneficial effects of more widely available 
antiretroviral therapy.1 In Sub-Saharan Africa, most national epidemics have 
stabilised or declined. In contrast, the most rapidly expanding epidemics are 
occurring in Central Asia and Eastern Europe.1 In Eastern Europe, where 
severe epidemic emerged among IDUs in the late 1990s, the most affected 
countries are Russia and Ukraine.1, 16 

2.1.2. Epidemiology of HIV among IDUs

Recent estimates suggest that 16 million people inject drugs worldwide and 
3 million of these are HIV-positive.17 The largest populations of HIV-positive 
injecting drug users are in Eastern Europe, East and Southeast Asia, and 
Latin America. Of the 148 countries where use of injecting drugs has been 
documented, 128 (86%) countries reported HIV infection among injectors. 
In 2007, countries with largest numbers of injectors were China, the US and 
Russia, where HIV prevalence among injectors was estimated at 12%, 16% 
and 37%, respectively.17 

The geographical distribution of HIV among IDUs varies widely. In Russia, 
the reported prevalence of HIV infection among IDUs in different regions 
varied between 8% and 64%.18 In 2005, the Chinese HIV epidemic among 
IDUs was reportedly concentrated mainly within seven of the country’s 33 
province-level divisions.19 

The development of HIV epidemics among IDUs is diverse as well. Several 
cases indicate that the prevalence of HIV among IDUs exceeded 50% in 
short time.20, 21 The closest example comes from Estonia, where HIV began to 
spread in 2000, resulting in prevalence of 62% among IDUs and the highest 
overall prevalence in Europe (1%).22, 23 There are also cases where after years 
of low and stable HIV prevalence, the prevalence among IDUs suddenly rose 
to 25%.24 On the other hand, a reversed and limited epidemic as the Finnish 
one has been described e.g. in Orrel, Russia.25 Lately, countries with large 
concentrated HIV epidemics among IDUs have reported increased number 
of sexual transmissions.1, 26

2.1.3. Molecular epidemiology of HIV

Subtypes of HIV
HIV entered the human population through cross-species transmission 
from non-human primates in Africa.27-29 The HIV-1 strains M (main), O 
(outlier) and N (non-M, non-O) likely represent different transmission 
events in Central Africa, while HIV-2 originated in West Africa. The major 
HIV pandemic is caused by HIV-1 group M strains, which have caused more 
than 90% of all infections.30 
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HIV exhibits enormous genetic variability. It evolves within the infected 
person and forms a constantly evolving quasispecies. On the other hand 
HIV evolves between virus strains in different epidemics, which has resulted 
in the development of subtypes.31 Among HIV-1 group M strains, there 
are 9 subtypes (A,B,C,D,F,G,H,J and K).In addition, there are circulating 
recombinant subtypes (CRFs) which are constituted from different subtypes 
and are spreading in populations, and a variety of unique recombinant forms 
(URF) that are identified only from an single individual.31

Six strains dominate the global epidemic. Subtype A is prevalent in 
East Africa and in former Soviet Union, whereas subtype B is widespread 
and dominates epidemics in the Americas, Western Europe and Australia. 
Subtype C accounts for more than 50% of all infections concentrated in 
Southern and Eastern Africa and India. Subtype D circulates in East Africa. 
CRF 01_AE is the main strain throughout Asia, and CRF_AG dominates 
West Africa.30 To date, molecular typing provides an important tool for 
tracking the HIV epidemic, mapping transmission networks and monitoring 
the dynamics of the epidemic.32, 33

Clinical significance of HIV subtypes
Even if there are clear genetic and functional differences between the strains 
of HIV, the clinical implications of subtypes in disease progression and 
transmission has been difficult to define.34-39 The results of clinical studies 
without seroconversion data have yielded conflicting results (Table 1A).40-

48 In contrast, studies among HIV infected individuals with known dates 
of seroconversion have more consistently noticed differences between 
individuals infected with different subtypes (Table 1B).

A study in Senegal of 54 female sex workers reported that seroconverters 
infected with subtype A progressed clinically more slowly than those with 
non-A subtypes.49 In a later cohort from the same study, CRF02_AG-infected 
women had significantly higher mean viral load during the early stage of 
infection than did the women infected with other subtypes.50 In a cohort of 
seroconverters from Uganda, subtype A had lower viral loads and slower 
progression than subtype D.51, 52 Data from a large cohort of seroconverters in 
Thailand suggest that viral loads in early HIV  infection are higher in those 
IDUs infected with CRF01_AEFin than in IDUs infected with subtype B but 
showed no difference in progression.53 Ethiopian seroconverters infected 
with subtype C had lower viral loads in the first months after seroconversion 
than did Dutch seroconverters with subtype B.54

Despite the trend that seroconversion studies have found differences in 
viral loads or disease progression, all studies have their limitations. Most 
studies include small number of cases, short follow-up, different cohorts, 
and sometimes many subtypes grouped together (for example “non-A” 
subtype). The endpoints of the studies differ, and some studies lack viral 
load measurements. Comparisons of early viral load between studies are 
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difficult due to differences in the seroconversion intervals. Furthermore, 
subtypes often cluster within risk and ethnic groups, and host genetics as 
well as co-infections may confound the results. Finally, subtype-related 
differences exist in the viral load assays.55, 56 

Even if it is theoretically possible that novel subtypes with resistance 
properties could begin to circulate, there is so far no evidence that response 
to combination antiretroviral therapy (cART) would differ between the 
subtypes of HIV.57-60 For vaccine development, the HIV diversity reflected 
in development of subtypes, is huge challenge.61

2.1.4. Epidemiology of late HIV diagnosis

Diagnosis of HIV and AIDS
Diagnosis of infection with HIV can be made by several different kinds 
of laboratory assays, in most cases by demonstrating the presence of HIV 
antibodies in the blood.62 Antibodies against HIV usually become detectable 
6-8 weeks after infection; by 12 weeks, nearly all infected individuals are HIV 
antibody-positive.62, 63 The new generation of assays also incorporates HIV 
antigen detection, which shortens the window period with approximately 
one week.64 

Diagnosis of AIDS is based on diagnosing one or more indicator diseases 
(AIDS-defining conditions, Table 2) in an HIV-infected individual.65 In the 
US, the surveillance definition of AIDS also includes all HIV cases with CD4 
cell counts of fewer than 200/µL, whereas the European definition is based 
only on the typical illnesses.65, 66 

The reporting of newly diagnosed HIV and AIDS cases varies. To date, 
most industrialised countries report all newly diagnosed HIV infections as 
well as AIDS cases, whereas some countries still report only AIDS cases.67 
In resource-restricted settings where no HIV or AIDS case reporting exists, 
repeat prevalence surveys have served to monitor the HIV epidemic.68

Newly diagnosed HIV cases may have been transmitted recently or for 
years earlier. In HIV surveillance data, the incidence rates of newly diagnosed 
HIV cases not only reflect new transmissions, but also include individuals 
infected years before undergoing HIV testing.69 The delay between the 
transmission and diagnosis of HIV can be roughly estimated using the 
CD4 count measured closest to the time of the HIV diagnosis. Since the 
CD4 cell count decreases over time after HIV infection, high CD4 counts 
suggest recent transmission, whereas lower counts most likely reflect old 
transmissions.70 

During the past ten years, serological tests have been developed that 
recognise newly transmitted HIV infections (Serological Testing Algorithms 
for Recent HIV Seroconversion, STARHS).71 These tests can recognise recent 
infections (seroconversion within 6 months), and have served to estimate 
the proportion of newly acquired infections in different populations. The 
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experiences of countries such as France and Germany suggest that despite 
their limitations, these tests seem helpful in HIV surveillance and in 
estimating the true incidence of HIV.72-74  

Table 2. 1993 European AIDS surveillance case definition, list of indicator diseases.66

Bacterial infections, multiple or recur-
rent in a child under 13 years of age

Candidiasis of the bronchi, trachea, or 
lungs

Candidiases, oesophageal

Cervical cancer, invasive

Coccidioidomycosis, disseminated or 
extrapulmonary

Cryptococcosis, extrapulmonary

Cyptosporidiosis, intestinal with diar-
rhea (duration >1 month)

Cytomegalovirus disease, other than 
liver, spleen, or nodes in a patient over 
one month of age

Cytomegalovirus retinitis (with loss of 
vision)

Encephalopathy, HIV-related

Herpes simplex: chronic ulcer(s) (dura-
tion >1 month) or bronchitis, pneu-
monitis, or oesophagitis in a patient 
over one month of age

Histoplasmosis, disseminated or extra-
pulmonary

Isosporiasis, intestinal with diarrhea 
(duration >1 month) 

Kaposi’s sarcoma

Lymphoid interstitial pneumonia in a 
child under 13 years of age

Lymphoma, Burkitt’s (or equivalent)

Lymphoma, immunoblastic (or equiva-
lent)

Lymphoma, primary, of the brain

Mycobacterium avium complex or M. 
kansasii, disseminated or extrapulmo-
nary

Mycobacterium tuberculosis, pulmo-
nary in an adult or adolescent (>= 13 
years)

Mycobacterium tuberculosis, extrapul-
monary

Mycobacterium, other or unidentified 
species, disseminated or extrapulmo-
nary

Pneumocystis carinii pneumonia

Pneumonia, recurrent

Progressive multifocal leukoencephal-
opathy

Salmonella (non-typhoid) septicaemia, 
recurrent

Toxoplasmosis of brain in a patient over 
one month of age

Wasting syndrome due to HIV

Prevalence of late HIV diagnosis
In the era of cART, early diagnosis of HIV infection is essential to prevention, 
control and care. Delayed HIV diagnosis appears to be associated with 10-fold 
higher short-term mortality and at least 2-fold short-term costs.75-78 Despite 
earlier initiation of cART, mortality is higher than for those diagnosed 
earlier.79 Furthermore, the consequences and costs of late HIV diagnosis are 
multiplied at the epidemiological level: individuals unaware of their HIV 
infection for years may be a major source of new infections and thus could 
represent the driving force of the epidemic.80-82 

During the past decade, epidemiology of late HIV diagnosis has become 
an important issue, and increasing number of studies and reviews have been 
published (Table 3).83-112 The terms to describe delayed HIV diagnosis are 
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diverse (late presenters, late testers, late diagnosis), as are the definitions. 
Most often late diagnosed person (i.e. late presenter) is defined as a HIV case 
diagnosed with CD4 count below 200 cells/µL, or with an AIDS defining 
illness at HIV diagnosis 

Broadly, two kinds of studies exist. Most recent studies include all newly 
diagnosed HIV cases in the defined area and use this number as denominator 
to calculate the proportion and study determinants of late HIV diagnosis 
(Table 3). There are also studies that use AIDS cases as denominator (i.e. 
report the proportion and determinants of late-diagnosed cases of all 
AIDS cases). The latter studies show illustratively that in the era of cART, 
late diagnosis explains an increasing proportion of AIDS cases and AIDS 
deaths in Western countries.113-115 However, the studies that include AIDS 
cases as denominator cannot be directly compared to those that include all 
newly diagnosed HIV cases, since the interpretation of the results differs 
considerably. 

Prevalence of late diagnosis varies between 20% and 51%. In Europe, 
the proportion of late-diagnosed cases is often between 30% and 45%. The 
percentages of late-diagnosed cases are naturally higher in those studies that 
use the definition “diagnosed with CD4 count<200 or AIDS”, and lowest 
in those few studies that use the definitions “CD4 cell count <50/µL”, or 
“diagnosed with AIDS”. Universal definitions and monitoring of CD4 count 
at HIV diagnosis are warranted.116 Late diagnosis tends to be even more 
prevalent in United States, and especially in developing countries, from 
where only few studies originate.117-119 Published studies from Eastern Europe 
are not available. Interestingly, the few studies that include cases before and 
after introduction of cART have recorded no decrease in late HIV diagnosis 
between these periods.75, 90, 102 

Risk factors for late diagnosis
In most previously published studies, cases diagnosed late were likely to 
be older, black or non-native, and not tested for HIV previously.75, 76, 88, 90, 

91, 102 In Australia, partners of individuals who came from high prevalence 
countries were at risk for late diagnosis.83 In general, low perceived risk for 
HIV infection is a risk factor for late HIV diagnosis. Among non-migrant 
heterosexual population in France, late diagnosis was more frequent among 
longstanding couples and couples with children. Conversely, late diagnosis 
was less likely among individuals with large number of sexual partners.88, 120 
In some studies, living in a region with a low prevalence of HIV was a risk 
factor for late diagnosis.75, 121, 122

In many studies from Europe, MSM are diagnosed earlier than other 
transmission categories.79, 96, 98, 100Also IDUs often test positive early in their 
infection, but contrary results are also reported (Table 3). 76, 91, 101 Moreover, 
many studies omit IDUs or the number of IDUs is small. 
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An Italian study showed that risk factors for late diagnosis are different 
from risk factors for late entry to HIV care.91 IDUs were diagnosed earlier 
than other transmission risk groups, but IDU was a risk factor for delayed 
entry to care (56% of Italian IDUs delayed more than 6 months). In addition 
to IDUs, delayed entry to care was more common among those, who were 
not tested for HIV before, unemployed, and had received no HIV counselling 
after HIV test.91 In an earlier study from Canada (1999), longer delays were 
reported among young, male and MSM cases.123

Strategies to encourage earlier HIV testing
To facilitate early HIV diagnosis, new HIV testing policies have been 
promoted. In 2006, CDC recommended routine HIV screening in all health 
care settings for patients aged 13-64 years, unless the local HIV prevalence 
is known to be less than 0.1%.124. New HIV testing guidelines are also 
considered in Europe, and the cost-effectiveness of increased or routine 
HIV testing in health care settings is discussed.82 In the UK, new guidelines 
for HIV testing recommend HIV testing in a wider range of settings than 
is currently the case, and lists specific indicator conditions, where HIV test 
should be routinely recommended.125

2.1.5. HIV in Finland

HIV surveillance in Finland 
HIV infection is a notifiable disease in Finland, reported by the diagnosing 
laboratories and physicians in each case. Reporting and case linking are tied 
to each individual’s unique identity codes.6 The European case definition 
for HIV and AIDS is used.65 The National Institute for Health and Welfare 
maintains the National Infectious Disease Register (NIDR) for surveillance 
purposes.126 The system records major transmission groups and has been in 
use without major changes since the mid-1980s.6 In 2006, baseline CD4 cell 
count was added to the notification form filled by the reporting physician.

Blood and organ donations are universally screened for HIV in Finland. 
Also, pregnant women are offered HIV testing since 1997, and over 99% 
accept testing. Voluntary and free HIV testing is available in health centres 
throughout the country. In addition, HIV testing is offered in biggest cities 
at STD (sexually transmitted disease) clinics, NGO (non-governmental 
organisations) AIDS support centres, and within needle exchange programs 
for IDUs. Voluntary targeted unlinked- anonymous studies have served 
as additional data sources to address prevalence among MSM and IDUs.6 
Outside blood donor screening, approximately 150  000 HIV tests are 
performed every year with no significant changes in the number of tests 
over years (Department of Infectious Diseases Surveillance and Control, 
National Institute for Health and Welfare).
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Epidemiology of HIV in Finland
Finland is a country with low prevalence of HIV (adult HIV prevalence 
<0.1%).126 By the end of 2008, cumulatively 2410 HIV cases had been 
reported. Of these 520 developed AIDS including 285 who had died of 
AIDS.126 Aft er introduction of cART in 1996, AIDS cases declined until 
2000, when a new increase was observed. Most of these AIDS cases are 
diagnosed close to HIV diagnosis, and may thus refl ect the problem of 
delayed HIV diagnosis.6

In 1980’s, HIV was transmitted among MSM, and the numbers 
of heterosexually transmitted cases were small. Toward 1990’s, more 
heterosexually transmitted cases emerged. From the beginning of 1990’s 
the incidence was relatively stable in both sexual transmission groups until 
the peak years 2006 and 2007 (Figure 1). Th e annual incidence rates of HIV 
in Finland (35 cases/million population) had in 2007 risen close to that 
of other Nordic countries (47-56/million), still being lower than in most 
Western European countries (50-100/million).1, 6 

Figure 1. Newly diagnosed HIV cases in Finland among men who have sex with 
men (MSM), injecting drug users (IDUs) and heterosexual transmissions (National 
Infectious Disease Register, National Institute for Welfare and Health).

Of the heterosexual cases, 59% occurred among Finnish citizens, with 
a similar increase in both migrant and domestic cases. In addition, of 
cases among Finnish citizens, 38% have reportedly been travel-associated. 
Th us, only a minority of heterosexually transmitted cases refl ect changes 
in the domestic epidemic. In contrast, Finnish citizens account for 89% of 
transmissions in the MSM group, in which one study has estimated the HIV 
prevalence to be 4.5% in 2006.6

In contrast to many other Western European countries, HIV outbreak 
among Finnish IDUs occurred as late as 1998. Th e number of new HIV 
infections among IDUs increased rapidly until 2000, when it began to 
decline. Between 1998 and 2008, 338 IDU cases were reported, over 80% 
of them from the Helsinki metropolitan area. Th e majority of infected IDUs 
(88%) were Finnish citizens.6, 126 
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Nearly all IDUs were infected with a recombinant subtype AE (CRF01_
AEFin) of HIV, whereas only subtype B was found among the 28 single HIV 
cases detected among IDUs between 1983 and 1997.7 Until the Finnish 
outbreak, CRF01_AE had been prevalent in the Far East but not in Western 
countries.127

The shape of the Finnish incidence curve in IDU epidemic is similar to 
many other IDU epidemics in 1990’s, but the HIV prevalence among IDUs 
remained low. Between the years 1999 and 2003 more than 7000 samples 
from needle exchange programs (NEPs) and prisons were tested with a rapid 
HIV test (voluntary diagnostic test).128 During the testing period the HIV 
antibody prevalence decreased from 6.7% to 0.4% in NEPs and from 2.4% to 
0.3% among prison inmates with unknown serostatus. Based on prevalence 
surveys, the HIV prevalence among IDUs in the Helsinki metropolitan area 
was estimated at 1.2 % in 2007.129 

Only 14 mother-to-child transmissions have been reported to the National 
Infectious Diseases Register, all but one of which occurred prior to arrival 
to Finland. Since 1985, no cases of HIV infection due to domestic blood 
transfusions or blood products have been reported in Finland.6

2.2. Factors influencing the spread of HIV among IDUs

2.2.1. Injecting behaviour

Injecting as a risk factor for HIV infection
Injecting behaviour that leads to HIV transmission has been studied since 
early in the epidemic.4, 130 Sharing of needles and syringes was identified as a 
major route of HIV transmission among IDUs and became the primary focus 
of HIV prevention programmes in this population.4, 131 In addition to needles 
and syringes, sharing drug paraphernalia (cooker, cotton and rinse water) 
was identified as a likely mode of HIV transmission.132 Similarly, the HIV 
risk among IDUs in later epidemics in Thailand and Russia correlate with 
sharing needles and other equipment, and frequency of injection.133, 134

There are also differences in HIV risk factors between the studies and 
geographic areas, which reflects variation in risk behaviours, social context 
of risk behaviour, cultural differences, and differences in HIV prevalence.135 
In early epidemics in the US, HIV transmissions were associated with the use 
of “shooting galleries”, unofficial locations where IDUs could rent or borrow 
needles and syringes and where the injection equipment was often used 
repeatedly and may have contained contaminated blood.136 Correspondingly, 
some countries report a history of having injected drugs in prison the 
strongest predictor of HIV infection among IDUs.137, 138
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Risk factors for sharing
Sharing of injection equipment is the most common measure to describe 
risky injection behaviour. Numerous studies have examined the determinants 
of sharing injection equipment. The type and frequency of drug use, multiple 
needle use, severity of drug addiction, unstable living, history of arrest, recent 
involvement in crime, and lower socioeconomic status have been found 
to associate with sharing injection equipment.139-143Also, sharing is more 
common among IDUs with multiple injection partners and among those 
who live or have sex with injection partners.142, 144, 145 In sociological studies, 
many characteristics of social networks correlate with sharing injection 
equipment.146

Many attitudes: fear of police, low levels of perceived risk of infection 
with HIV, lack of knowledge of HIV transmission, and peer influences, 
influence the risk of sharing.139, 144, 145 Furthermore, irregular use of NEP 
services and lack of exposure to AIDS interventions have been shown to 
be risk factors for sharing.139, 147 In contrast, treatment contact with general 
practitioners has been associated with decreased risk for sharing injection 
equipment.142, 148 

Most studies report lower prevalence of sharing among HIV-positive than 
among HIV-negative IDUs. In the Netherlands, the risk factors for sharing 
were largely the same among HIV-negative and HIV-positive participants.147 
Among HIV-positive active IDUs recruited to a secondary prevention 
intervention programme, admission to a hospital for drug treatment in 
the past 6 months, injecting with more than 1 person in the past 3 months, 
and having depressive symptoms were positively associated with lending 
syringes.149 In a longitudinal analysis of the same study, about half of active 
injectors reported at least one sharing episode within past 6 months. Higher 
levels of psychological distress were associated with a greater likelihood of 
drug paraphernalia sharing.148

2.2.2. Sexual behaviour

Risk for sexual HIV transmissions among IDUs 
Unprotected sex is a well-known risk factor for HIV among IDUs.4, 150 
However, sexual HIV risks have received less attention among prevention 
programmes targeted at IDUs.151

Where prevention programmes have successfully reduced injection-
related risk behaviours, unprotected sex has become a major risk factor 
for new HIV infections among IDUs, especially in mature epidemics. A 
19-year prospective cohort study of drug users in Amsterdam identified a 
decline in HIV incidence and injecting, but not in unprotected sex. New 
seroconversions since 1996 were related to having a heterosexual contact.152 
In a case control study from San Francisco, risk for HIV seroconversion was 
higher among MSM and young female IDUs, as well as female IDUs who 
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reported having traded sex for money. Thus, all the main risk factors for 
HIV transmission among IDUs in that study were sexual.153 

Many studies have found the risk for sexual HIV transmissions to be 
high especially among female IDUs. In a study from Vancouver, HIV-
positive sex partner was strongly and independently associated with HIV 
seroconversion, especially among women.154 Similar results were obtained 
from 5 European cities: among IDU women the strongest risk factor for HIV 
infection was HIV-positive steady partner. In addition, commercial sex and 
newly diagnosed STIs were risk factors for HIV infection.155Among female 
IDUs in Baltimore, HIV incidence was twice as high among those who had 
recently had sex with an IDU.156

Risk factors for inconsistent condom use
The commonly used measure to describe the prevalence of unprotected sex is 
inconsistent condom use. Some studies measure inversely consistent condom 
use or indirect measures as STDs.131 The prevalence of inconsistent condom 
use among western IDU populations varies between 40% and 70%.152, 157-161 
Inconsistent condom use has been found to be more common with main 
partners, when being high on drugs while having sex, and when believing 
that condom use will decrease pleasure.162 In some studies, stimulant users, 
including crack smokers, have been found to engage in high-risk sexual 
behaviour, often while high on drugs.162-164 Likewise, unprotected sex is  
associated with high alcohol consumption, especially among female IDUs.157, 

165 In contrast, the use of condoms has been associated with HIV positivity, 
having a casual sex partner, greater personal acceptance of condoms, and 
greater partner receptivity.166-168 

2.2.3. Role of HIV prevention interventions                                                                 

Needle exchange programmes (NEPs)
Evidence strongly suggests that NEPs are effective in HIV prevention among 
IDUs. An ecological study compared the HIV prevalence of IDUs in cities 
without NEPs to that of cities with NEPs. In the 52 cities without NEPs, HIV 
prevalence increased by 5.9% per year, whereas HIV prevalence decreased 
by 5.8% per year in the 29 cities with NEPs.169

NEPs are associated with reduced HIV incidence. Des Jarlais et al. have 
reported a 70% reduction in HIV incidence associated with NEP attendance 
in New York.170 Many behavioural studies have  shown significant reductions 
in needle sharing associated with NEP use.147, 150, 171, 172 Two recent reviews 
summarise the existing evidence that NEPs are effective in reducing HIV and 
are unassociated with serious negative consequences, including increasing 
illicit drug use.173, 174

Even if condoms are provided in most NEPs, only a few studies have 
examined the effects of NEP use on risky sexual behaviour, and the findings 
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are inconsistent.175 Some recent studies have reported a significant increase 
in condom use with the main partners of NEP users.176, 177

Among a large number of studies that show the benefits of NEPs, only 
a few studies have shown negative effects. In two studies from Canada, 
use of NEPs was associated with HIV positivity, possibly because of their 
appeal to high-risk IDUs. However, these studies have also been used to 
show that changing needles and syringes alone is insufficient: NEPs should 
be combined with comprehensive programmes that include counselling, 
support and education.178, 179 To date, most NEPs provide HIV counselling 
and testing, condoms, HIV prevention education, and referrals to addiction 
treatment. In addition, some include STD screening and primary health 
care services.180, 181 

Extensions of NEPs have also arisen in the form of medically supervised 
injecting centres. At these centres, IDUs can access sterile injecting equipment, 
inject pre-obtained illicit drugs under the supervision of nurses, and receive 
nursing care and addiction counselling.182, 183 In Canada, these medically 
supervised safer injection facilities (SIFs) were introduced as a response to 
continuing HIV and overdose epidemics among IDUs, and have been shown 
to reduce needle sharing and unprotected sex.161, 183

Outreach
Outreach strategies aim to deliver information and services to IDU 
populations and to establish links between IDUs and health services. Of 
various models of outreach programmes, many are based on peers who 
deliver HIV prevention services targeting IDU social networks in community 
settings.184 Outreach has been identified as one of three common prevention 
strategies contributing to low seroprevalence levels in cities where HIV 
has entered the IDU population.185 The other two components were easy 
access to clean needles and syringes and rapid implementation of prevention 
activities. 

One of the first studies to examine outreach programmes in relation 
to new HIV infections showed a decline in HIV incidence from 8.4 to 2.4 
per 100 person-years. High-risk drug use behaviour declined from 100% 
to 14% compared to 50% among IDUs not in the outreach programme.186 
Numerous subsequent studies have shown outreach progammes to be 
an especially effective strategy for reaching out-of-treatment IDUs.184 A 
significant proportion of IDUs exposed to outreach programmes change their 
behaviour, a trend associated with lower rates of new HIV infections.184

Opiate substitution treatment
Opiate substitution treatment have been shown to reduce the spread of HIV 
by reducing injecting drug use and sharing of injection equipment.187-189 
Most studies are conducted in Methadone Maintenance Treatment (MMT) 
programmes, but buprenorphine treatment has proved equally effective.190 
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Opiate substitution treatment also supports adherence to antiretroviral 
therapy and helps IDUs to achieve treatment results similar to those of other 
groups.191 However, the lack of effective substitution treatment for stimulant 
injectors is a major problem in countries where stimulant use is common.192 
Furthermore, there is less definitive evidence that MMT prevents risky sexual 
behaviour.187, 188 Even with reductions in the proportion of multiple sex 
partners or exchanges of sex for drugs and money, substitution treatments 
have had only limited effects on condom use.188

Behavioural interventions targeted at sexual behaviour
Where most HIV prevention interventions have been shown to decrease 
risky injection-related behaviour, many studies over the years have shown 
that these same interventions have little or no effect on sexual behaviour.187, 

193 However, a meta-analysis of 37 randomised controlled trials suggest that 
behavioural interventions are effective in reducing HIV risk behaviour 
among IDUs, including unprotected sex. The studies included group or 
individual interventions that provide an average of eight sessions for a one-
month course targeted at both out-of-treatment IDUs and IDUs enrolled 
in outpatient or inpatient substance abuse treatment programmes.194 
Behavioural interventions were effective in reducing injecting-related and 
sexual risk-related outcomes as long as they targeted both high-risk drug and 
high-risk sexual behaviours, and included certain components that address 
behavioural skills. The effect of the interventions on condom use tended to 
diminish over time, which suggests the need for “booster sessions” or other 
additional strategies to maintain the initial effect.

HIV counselling and testing
HIV positivity has been shown to increase condom use among IDUs. In a 
prospective cohort study in Thailand, those IDUs who seroconverted during 
the study began to use condoms more consistently.195 Despite the same serial 
interventions, HIV-negative IDUs failed to change their behaviour. 

The same phenomenon has been described regarding injecting-related 
risks, and has been called “informed altruism” by des Jarlais et al.196 In 
their study in New York, HIV-positive participants reduced their lending 
of needles and syringes (distributive sharing) more than did HIV-negative 
participants, but no differences occurred in borrowing (receptive sharing).196 
Several cohort studies and trend analyses indicate that many IDUs reduced 
their needle and syringe sharing after the HIV epidemic.147, 197-200 However, it 
is difficult to distinguish the isolated impact of HIV diagnosis, counselling 
and testing from that of simultaneous prevention efforts. Furthermore, 
participating in studies may also serve as an intervention.200
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Combination of different prevention efforts
It is well recognised that increased HIV testing, or providing only clean 
needles and syringes without other preventive measures, cannot prevent 
HIV epidemics among IDUs.24 The term “harm reduction” is often used 
in association with NEP and opiate substitution treatment, and essentially 
means that reducing the adverse consequences of drug use is considered 
even more important than reducing illicit drug consumption.201 The “harm 
reduction packages” introduced by the World Health Organization (WHO), 
however, include a much wider range of prevention components from needle 
and syringe programmes to antiretroviral therapy for HIV-positive IDUs 
(Table 4).202 Such preventive efforts are linked to each other: NEPs offer 
condoms, HIV testing and referrals to addiction treatment, which again may 
include HIV testing, behavioural interventions, and other efforts. 

Table 4. Comprehensive harm reduction package for injecting drug users (WHO 
2009).

Needle and syringe programmes (NSP)
Opioid Substitution Therapy (OST)
Voluntary HIV Counselling and Testing (VCT)
Antiretroviral Therapy (ART)
Sexually Transmitted Infections (STI) prevention and condom programmes for 
IDUs and partners
Information, Education and Communication (IEC) for IDUs and their sexual part-
ners through Outreach
Hepatitis diagnosis, treatment and vaccination (where applicable)
Tuberculosis (TB) prevention, diagnosis and treatment

Coverage
To prevent HIV among IDUs, interventions must reach adequate numbers 
of IDUs. Estimates indicate that only 5% of IDUs in the world currently have 
access to HIV prevention services.203 The term “coverage” is used to describe 
the proportion of IDUs in the reach of effective intervention.204 

A recent multi-method study investigating access to needles and syringes 
in three Russian cities indicates that fewer than 7% of IDUs have ever had 
contact with NEPs, as the vast majority used pharmacies to access injecting 
equipment.205 In Pakistan, where HIV prevalence among IDUs has been 
rising since 2003, 32% of IDUs in the area of specific programmes, but 
only 17% of IDUs nationwide, reported ever having used harm reduction 
services.206 

Syringe coverage for heroin injection was studied in 35 large metropolitan 
areas in the USA. Only 3 syringes were distributed per 100 injection events. 
Thus, only a small fraction of IDUs appeared to have contact with an NEP, and 
access varied greatly depending on where the IDUs lived.207 Syringe coverage 
improved the longer the NEP was in operation. Moreover, government 
funding for NEPs contributed to successful NEP coverage.207 
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As these studies show, definitions of coverage vary between studies, and 
there are problems in measuring and defining acceptable levels of coverage 
for different intervention types. Including pharmacies and secondary syringe 
exchange as safe needle sources, and defining the size of the hidden IDU 
population (as a denominator of coverage) are only a few of the many 
challenges for the studies.208 Nevertheless, the studies show that low coverage 
may explain the failures of harm reduction programmes in many areas. 

Recently, UNAIDS (Joint United Nations Programme on HIV/AIDS) and 
the WHO have published recommendations for “high coverage sites”, based 
on case studies from seven cities in developing and transitional countries. 
The report lists common features of these successful programmes where 
more than 50% of IDUs had been reached by one or more HIV prevention 
programmes.209 The report concludes that the most significant finding is 
that high level coverage can be attained, also in developing as well as in 
transitional countries. 

Even if effective risk reduction among IDUs has been achieved, no studies 
have reported the complete elimination of high-risk behaviour. Among 
active IDUs in the Amsterdam Cohort Study, the proportion of those who 
reported lending injection equipment dropped below 10% in five years 
among HIV-negative IDUs, and below 5% among HIV-positive IDUs, and 
borrowing dropped below 20% and 10%, respectively.147 

2.2.4. HIV viral load

Viral load as risk factor for transmission 
HIV transmission risk is strongly associated with HIV viral load, which 
is well documented in sexual transmissions and in mother-to-child 
transmissions.210-214 The HIV viral load – and thus the transmission risk – is 
highest in the early stages of the infection.215 In a study among serodiscordant 
heterosexual couples, the infectiousness was 26 times higher during the 
primary infection than during the asymptomatic phase of the infection, 
and 7 times higher in the late-stage infections.215 Even small changes in the 
HIV viral load may influence the probability of transmission. The likelihood 
of transmitting HIV by heterosexual contact increases by 20% with every 
0.3 log10 increment in the HIV viral load, 40% with a 0.5 log10 increment, 
and 100% with a 1.0 log10 increment in the HIV viral load, respectively.216 

Whether these studies can directly be generalised to the IDU population 
remains unclear. However, since the main transmission mode among IDUs 
is parenteral, the plasma viral load could be expected to correlate with the 
transmission risk even more strongly than in heterosexual transmissions, 
in which HIV RNA in seminal fluid or vaginal secretion may differ from 
the HIV RNA measured in plasma.217, 218
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Impact of HIV treatment
Since cART suppresses the viral load, the initiation of effective cART is 
followed by a reduction in the probability of transmission. This effect 
has been shown in mother-to-child transmissions and among discordant 
heterosexual couples.219, 220 Similarly, a study among MSM in San Francisco 
showed a 60% decrease in infectivity after the widespread use of cART 
despite the increase in unprotected sex.221

In addition, ecological evidence suggests that ART can reduce transmission 
risk. Providing free cART to all HIV-infected citizens was associated with 
a 53% decrease in the estimated HIV transmission rate and contributed to 
the control of the HIV epidemic in Taiwan.222 A recent congress report from 
Canada indicates that cART is also effective in preventing new transmissions 
among IDUs.223 Community plasma levels among HIV-positive IDUs 
correlated with the community HIV incidence rate and strongly predicted 
HIV incidence independent of unsafe sexual behaviour and the borrowing 
of used syringes.223 

Based on mathematical models, some researchers have suggested that 
universal voluntary HIV testing and immediate start of ART, combined with 
present prevention approaches, could profoundly impact severe generalised 
HIV epidemics.224 Another modelling study from Canada studied the 
potential impact of expanded cART coverage on an HIV epidemic. The 
results indicate that the expanded and early administration of cART lead 
to substantial reductions in the growth of the HIV epidemic and in related 
costs.225 

2.2.5. Spatial spread of HIV among IDUs

Spatial differences in HIV risk among IDUs
The geographical distribution of IDUs, HIV infected IDUs, and risk 
behaviour varies not only at country or city level, but also within cities and 
communities, which reflects and also creates different “risk environments” 
in relation to HIV risk.226, 227 

One study from Vancouver evaluated neighbourhood ecological factors 
associated with drug use and HIV risk. The results indicated that geographical 
place of residence was independently associated with HIV infection among 
IDUs, even after adjusting for risky injecting behaviour.228 

A study from St. Petersburg examined the spatial distribution of IDUs, of 
whom 30% were seropositive. The study combined the spatial distribution of 
HIV, sociodemographic data, and behavioural data on the study population. 
HIV-infected individuals were tightly clustered, and co-clustered with a high 
frequency of heroin injection, receptive syringe sharing, being under the 
age of 24, and living with parents. During the one-year follow-up period 
beginning in 2002, 20 new seroconversions occurred, of which more than 
half were located within or adjacent to the clusters.229
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Geographical data have also been combined with data on social networks. 
In New Orleans, HIV-positive IDUs were located in areas predicted by low 
socioeconomic status and high density of alcohol outlets. After adjusting 
for other variables, however, the spatial structure was insignificant. The 
authors concluded that the possible “residual spatial structure” in adjusted 
analyses would have been attributable to core group members.230 In Canada, 
the IDUs most central to their network engaged in risky injection practices 
in the locations where the highest prevalence rates occurred. Using social 
network analyses, this study showed how specific hotels within the locality of 
Winnipeg played a key role in generating opportunities for the transmission 
of HIV.231 

Spatial data on IDUs and services
Spatial data and geographical information systems have also served to 
visualise and to study the distribution of IDUs and the distribution of services 
targeted at IDUs. A study among 597 IDUs from Baltimore showed that the 
type and frequency of drug use were associated with specific geographical 
areas, independent of neighbourhood characteristics.232 In New York (1994-
1996), 81% of street-recruited IDUs living near syringe exchange services 
typically used a syringe exchange, compared to 59% of those who lived 
more than a ten-minute walk away.233 Recently, more research has been 
warranted on geographical place as well as on socio-spatial and political 
processes related to place that may help to determine were IDU-related HIV 
risk environments occur.227

2.2.6. Social, economic and political context 

On an individual level, poverty is an independent risk factor for HIV 
infections.234 In addition, several sociodemographic factors are known to 
be independent risk factors for HIV infection among IDUs: IDU groups 
with a low level of education, young IDUs, divorced or separated IDUs, and 
homeless IDUs are at greater risk for HIV infection.235, 236 

Social and economic factors also have an impact at the population and 
country level. Studies have noted that IDU epidemics in transitional countries 
have emerged in eras of social, political or economic changes, which create 
a “risk environment” for HIV characterised by increased drug availability, 
increased injecting drug use, and a lack of sufficient coverage of evidence-
based responses to HIV outbreaks.237-239 In addition, also political barriers 
against harm reduction interventions such as NEP and opiate substitution, 
and stigma associated with IDUs may indirectly influence the spread of 
HIV.239, 240

The poor coverage of harm reduction programmes is not limited only 
to developing or transitional countries such as the former Soviet Union. In 
the US, for instance, political barriers to NEPs are commonplace, even if 
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the number of programmes has increased throughout 1990s.181 In a cross-
sectional analysis of 96 US metropolitan areas, the prevalence of HIV among 
IDUs was significantly higher in those areas where laws prohibit over-the-
counter syringe sales. However, these laws were unassociated with lower 
population proportions of IDUs.241 In a later study, the same researchers 
reported that a number of police employees, corrections expenditures and 
drug arrests were positively associated with the prevalence of HIV among 
injectors. The conclusion was that legal measures had little deterrent effect 
on drug injecting, and may even contribute to an increase in the number 
of HIV infections.242 

Legislation has also prohibited NEPs in Sweden. A study that compared 
HIV incidence, prevention activities and legislation in Norway, Sweden 
and Denmark found that HIV incidence and prevalence in the early 1990s 
remained highest in Denmark, where NEPs were available, but where testing 
was reduced. In contrast, Sweden had strict legislation, but high testing rates; 
HIV incidence and prevalence there was lower. The researchers concluded 
in 2003 that HIV testing and counselling may be more effective than legal 
access to needles and syringes.243 In 2006, however, the number of HIV 
positive IDUs in Stockholm rose, which resulted in changes in legislation 
that permitted needle exchange programmes.
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3. AIMS

The purpose of this study was to characterise the Finnish HIV outbreak 
among IDUs in order to recognise factors that have influenced the spread 
and restriction of the outbreak, and thus find tools for HIV prevention and 
control.

The specific aims of this present work were as follows:

To compare markers for disease progression (CD4 cell count and I.	
HIV viral load) between Finnish IDUs infected by the 		
recombinant subtype CRF01_AEFin and Dutch IDUs infected by 
subtype B of HIV; 

To study the sociodemographic profile and spatial distribution of II.	
HIV-infected IDUs diagnosed in the beginning of the HIV 	
outbreak and those diagnosed later;

To study the prevalence and determinants of unprotected sex III.	
among HIV-positive and HIV-negative Finnish IDUs, and thus to 
examine the potential of the sexual transmission of HIV within 
and from this population;

To study the characteristics of and trends in newly diagnosed IV.	
HIV cases in sub-epidemics among Finnish IDUs, MSM and 	
heterosexuals, and to identify risk factors for late HIV diagnosis 
and delayed entry to HIV care.
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4. METHODS

4.1. Comparison of CRF01_AEFin and subtype B of HIV (I)

Study population and data collection
The study population comprised 93 HIV-positive IDUs who were confirmed 
to be infected with CRF01-AEFin, had at least one available CD4 cell count or 
viral load measurement, and had visited the outpatient clinic of the Infectious 
Disease Clinic at Helsinki University Central Hospital at least once prior to 
November 2001. Only individuals with a seroconversion interval of under 
two years were included. The Finnish cohort was compared to 63 IDUs from 
the Amsterdam Cohort Study (ACS) who met the same inclusion criteria, 
but the IDUs were infected with subtype B (Table 5).

For each Finnish participant, patient documents were used to establish 
age, sex, and main illicit drug used, the date of previous negative HIV 
antibody tests and the date of the first HIV-positive test, CD4 cell counts 
and viral loads, and AIDS-defining illnesses. 

In the Amsterdam Cohort Study, participants were continuously recruited 
from 1985 onwards and were followed every four months. At every visit, 
they were interviewed for information on their health status, behaviour and 
illicit drug use; underwent a physical examination and had blood drawn for 
laboratory tests. IDUs included in the study were HIV-negative at entry and 
seroconverted during follow-up.244

Seroconversion was assumed to have occurred at the midpoint between 
the dates of the last negative and the first HIV-positive test. The date of the 
last HIV-negative test was documented for 58 (62%) Finnish individuals and 
for all 63 Dutch individuals. For the 35 (38%) Finnish IDUs without a date, 
it was estimated to be 1 July 1997 based on the following considerations. 
In March 1998, the first CRF01_AEFin case was reported to the National 
Registry of Communicable Diseases. By the end of 1998, a sudden increase 
in the number of HIV-positive IDUs had been observed in prisons and 
at the Infections Disease Clinic of the University Hospital, whereas no 
HIV-positive IDUs had been identified in 1997 despite 919 HIV antibody 
tests performed only in prisons (Leena Arpo and Matti Ristola, personal 
communication). Finally, there was very low genetic interpatient variation 
between the CRF01_AEFin sequences (< 0.5% in hypervariable regions).7 
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Table 5. Inclusion criteria of HIV-positive injecting drug users (IDUs) in the four 
sub-studies, study periods, and material combined or compared with the study 
population of Finnish HIV-positive IDUs. To be included in any of the sub-studies, the 
participants must have visited the Helsinki University Central Hospital at least once.

Study population of HIV-
positive IDUs

Compared  or combined 
with 

Study I

Comparison of  
CRF01_AEFin                      
and subtype B 

93 IDUs  

Infected with                       
CRF01_AEFin

(1998-2001)

63 Dutch IDUs 

 Infected with subtype B

(1985-1996)

Study II

Sociogeographical profile  
of HIV-positive IDUs

176 IDUs 

(1998-2003)

•  Socioeconomic and 
geographical data  
available 

Geographical distribu-
tion of employed males 

in the Helsinki metropoli-
tan area by zip codes 

(City of Helsinki,              
Statistics Unit)

Study III

Unprotected sex among 
IDUs

89 IDUs  

Helsinki Cohort Study

(2002-2004)

•  Seroconverters

207 HIV-negative IDUs 

 Riski study 

(2000-2002)

Study IV

Epidemiology of late HIV 
diagnosis in Finland

238 IDUs 

(1985-2005)

396 MSM and 289 hetero
sexual transmissions

(1985-2005)

Laboratory methods
At both sites, antibodies to HIV were determined by ELISA and confirmed 
by western blot. At every visit, T lymphocyte cell subsets were determined 
by using flow cytometry on fresh specimens. In Finland, the viral load 
was determined with the Amplicor HIV Monitor test version 1.5 (Roche 
Diagnostic Systems, Branchburg, NJ). The lower limit of primary quantitation 
was 400 copies/ml and later 400 or 50 copies/ml. In Amsterdam, the viral 
load was determined with NASBA, with a lower quantitation limit of 1000 
copies/ml (Organon Teknika, Durham, NC). The genetic subtyping of patient 
viruses was determined by sequencing and phylogenetic analysis of the 

Seroconversion interval < 2 years•	
At least one CD4 measurement or •	
viral load available

Risk behaviour  inverview available•	

CD4 cell count available within 90 days •	
of the first visit
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env V3 region, and in Finland, also the gag p7 regions from patient plasma 
samples, as described elsewhere.7, 245

Data analysis and statistics
Simple descriptive statistics were used to describe the basic characteristics of 
the study population. Differences between the cohorts were tested using the 
chi-square test, Student’s t-test or Mann-Whitney U test, as appropriate.

The random effects truncated probit model was used to compare the 
development of the HIV viral load over time after seroconversion. Values 
below the lower detection limit were treated as left censored; values above 
the upper detection limit were treated as right censored.246 In this model, 
all viral load measurements were included, except for those points at which 
antiretroviral therapy was used and for those measured after AIDS diagnosis. 
Viral loads were log-transformed in statistical analyses. Each individual 
was allowed to have his or her own intercept and slope around an average 
population intercept and slope. For viral load, the slope was allowed to differ 
during the first six months. A Bayesian approach was used to estimate the 
parameters, beginning with non-informative priors. Posterior distributions 
were obtained with the Markov Chain Monte Carlo methods, using the 
WinBUGS programme. Three chains were generated, based on different 
sets of starting values. Parameter estimates are the medians of the posterior 
distributions. The range from the 2.5% to the 97.5% quantiles served to 
quantify the uncertainty in the parameter estimates. This range can be 
interpreted as a 95% confidence interval (CI) and was referred to as such. If 
the value zero was outside this interval, the effect was considered statistically 
significant.  

To compare absolute CD4 cell counts and CD4 decline since HIV 
seroconversion, regression analysis for repeated measurements using a 
linear mixed model approach was used. Absolute CD4 cell counts were 
square root-transformed. The regression model, which was developed for 
the comparison of two cohorts, has been described in detail earlier.247

Statistical analyses were carried out using SPSS version 9.0 (Norusis; SPSS 
Inc., Chicago, IL, USA), SAS version 6.12 (SAS Institute Inc., Cary, NC, 
USA), and WinBUGS 1.3 (MRC Biostatistics Unit, Cambridge, UK). 

4.2. Sociogeographical profile of HIV-positive IDUs (II)

Study population and data collection
The study population consists of 176 HIV-infected IDUs, on whom 
sociodemographic and geographical background data were available. Of 
the 213 IDUs who had visited the Infectious Disease Clinic at HUCH at least 
once prior to October 2003, 83% were included in this sub-study.
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Since the first three cases of the HIV outbreak among IDUs in the Helsinki 
metropolitan area were detected, HIV-positive patients were interviewed 
regarding their history of injecting drug use, income, housing, education, 
work, history of addiction care, and imprisonment. Because many of the 
first cases were noticed to occur in clusters, IDUs were also asked in which 
areas they had been living or using drugs around the time of their first HIV-
positive test result or at the time of infection. Participants could list up to 
four different geographical areas. 

During the HIV-positive IDUs’ first visits to the Infectious Disease Clinic, 
data were initially collected by a social worker through semi-structured 
interviews for sociomedical purposes. After September 2002, these same 
data were obtained as part of a cohort study among HIV-positive IDUs. The 
CD4 cell counts were collected from the hospital data system. The CD4 cell 
measurements within 100 days of the IDUs’ first HIV-positive test results 
were included.

The socioeconomic data describing the spatial structures of the city in the 
Helsinki metropolitan area were obtained from the City of Helsinki Statistics 
Unit. The indicator used was the percentage of employed males aged 25 to 
64. This age limit aimed to exclude students and the elderly.248

Data analysis and statistics
To detect possible differences in the sociodemographic characteristics of 
the 176 participants, the early HIV-positive IDU cases newly diagnosed 
between 1 April 1998 and 31 March 2000 (n=98) were compared to recent 
cases (n=47) diagnosed between 1 April 2001 and 31 March 2003. To obtain 
maximum contrast, 31 cases between the groups were excluded. The analyses 
were also repeated without exclusion of the cases, and the data were divided 
in two by 30 September 2000.

To describe the geographical dynamics of the HIV outbreak in the 
Helsinki area, the areas where the IDUs reportedly lived or used drugs were 
converted into zip codes. The geographical distribution of the areas where 
the HIV-positive IDUs had been living or using drugs was projected onto 
maps showing the spatial differences in male employment. 

Simple descriptive statistics were used to describe the basic characteristics 
of the study population. Differences between early and recent cases were 
tested using the chi-square test, Student’s t-test or Mann-Whitney U test, 
as appropriate. Statistical analyses were carried out using SPSS version 10.0 
(Norusis; SPSS Inc., Chicago, IL, USA). The geographic distribution of the 
HIV cases was analysed using MapInfo Professional version 7.0 (MapInfo 
Corp., Troy, NY, USA).
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4.2. Unprotected sex among IDUs (III)

Study populations and data collection
This study combines data from two cohort studies on IDUs from the Helsinki 
metropolitan area (Table 4). The HIV-positive participants were recruited 
from among HIV-positive IDUs who were referred to the HUCH between 
1998 and 2004, and who had a seroconversion interval of less than two years. 
Of 225 IDUs, 89 (39.6%) were included in this prospective study, known as 
the Helsinki Cohort Study (HCS). The intake interviews were conducted 
over the years 2002, 2003 and 2004. 

The HIV-negative participants (n=207) came from the Riski study.249 
Participants were recruited from among needle exchange programme users 
in three Finnish cities over the years 2000, 2001 and 2002. In our study 
population, we included only subjects who were interviewed in the Helsinki 
metropolitan area, and who were found to be HIV-negative in an oral fluid 
test. The original study design has been described in detail elsewhere.249

In both cohorts, only participants 18 years of age and older were 
included. All the interviews were conducted according to a standardised 
questionnaire. Questions about sociodemographic background, detailed 
drug use, and risky injecting and sexual behaviour were the same in both 
cohorts. Questions regarding behaviour and use of services referred to 
the six months immediately prior to the interview. The participants were 
also interviewed regarding any sexually transmitted diseases diagnosed, 
their use of needle exchange services, and their use of addiction care 
services (inpatient, outpatient, and through which institution) as well as 
hospitalisations and periods of imprisonment. 

Data analysis and statistics
The combined anonymous data set includes baseline data on the two cohort 
studies and consists of 296 cases. The outcome was inconsistent condom 
use, defined as having unprotected sex with any sexual partners within the 
past six months (used condoms never, sometimes or most of the time). 
Consistent condom use was defined as always using condoms.

Simple descriptive statistics served to describe the basic characteristics 
of the study population. Risk factors for inconsistent condom use were 
analysed with logistic regression using forward and backward selection 
procedures. In multivariate analyses, risk factors for inconsistent condom 
use were analysed based only on those participants who reported having 
sexual partners within the past six months. The analysis was carried out 
with SPSS 14.0 (Norusis; SPSS Inc., Chicago, IL, USA).
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4.4. Epidemiology of late HIV diagnosis in Finland (IV)

Study population and data collection
The study population comprised 934 newly diagnosed HIV-positive patients 
in the HUCH area between the years 1985 and 2005. The included individuals 
were over 16 years of age, had visited the clinic at least once, and had a CD4 
cell count available between the HIV diagnosis and within 90 days of their 
first visit to the clinic. All patients were antiretroviral naive. By the end of 
2005, NIDR had received 1211 notifications of HIV cases from the HUCH 
area. Of 1083 patients who had visit the Aurora Hospital at least once, 86% 
were included. Individuals referred by other hospitals that provide care for 
HIV infection were excluded as were 16 cases whose first visit took place 
prior to the July 1985 introduction of the HIV test in Finland (Jukka Suni, 
personal communication). 

Sociodemographic data, possible earlier HIV-negative tests, date of first 
HIV-positive test, place of HIV diagnosis, date of referral and first visit to 
the clinic, AIDS-defining illness, death, and end of follow-up were recorded 
in the dataset. The data were collected from patient documents up to 1997. 
After 1997, data were available from the observational clinical database of the 
Infectious Disease Clinic and were complemented with patient documents. 
CD4 cell counts were available from patient documents, referrals, as well as 
from the hospital data system. Follow-up data (AIDS-defining illnesses and 
deaths) were included until the last visit prior to January 2006 or death.

Data analyses and statistics
Late diagnosis was defined as having a first CD4 count below 200 cells/µL or 
having AIDS (according to the 1993 European AIDS case definition) within 
90 days of the HIV diagnosis.65 Delayed entry to care was defined as having 
first visited the clinic more than six months after the HIV diagnosis. Newly 
diagnosed was defined as those referred directly to the Infectious Disease 
Clinic at HUCH after their first HIV-positive test. 

Health care-related diagnosis was defined as having had the first HIV-
positive test performed in primary health care (health centres, private 
doctors or occupational health care) or in secondary health care (hospital 
wards or outpatient clinics). Non-health care-related diagnosis included 
HIV diagnoses made at prisons, NEPs, immigrant centres, drug treatment 
or non-governmental AIDS support centres. Sub-epidemics were defined 
according to transmission mode (heterosexual, MSM, IDU).

Study period was divided into five four-year intervals based on the year 
of HIV diagnosis (1August 1985-1989, 1990-1993, 1994-1997, 1998-2001, 
2002-2005). The four-year interval was selected in priori based on the fact 
that the epidemic among IDUs began in 1998. The analysis was repeated 
using the year 1997 as an alternative cut-off in order to analyse the possible 
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effect of cART. The interval 1985-1989 was defined as the first stage of the 
sub-epidemic among MSM and heterosexual cases. The other periods were 
defined as subsequent stages of the epidemic.  

SPSS 15.0 (SPSS Inc, Chicago, IL, USA) was used for statistical analysis. 
Chi-square tests, t-tests and Mann-Whitney tests served to test for differences 
between the groups. The multivariable logistic regression model served 
to identify factors independently associated with late HIV diagnosis and 
delayed entry to care. For data validation, the analysis was repeated using 
a 90-day cut-off for time between the HIV diagnosis and the first CD4 
count.

4.5. Ethical aspects

The Helsinki Cohort Study among HIV-positive IDUs was approved by the 
Ethics Committee, Department of Medicine. The Riski study was approved by 
the Ethics Committee of Epidemiology and Public Health, Hospital District 
of Helsinki and Uusimaa. The Ethics Committee of Epidemiology and Public 
Health approved the combination of the cohorts. The participants have 
provided their written informed consent to participate in the studies.
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5. RESULTS

5.1. Comparison of CRF01_AEFin and subtype B (I)

General characteristics
No significant differences occurred between the 93 Finnish and the 63 Dutch 
IDUs in mean age at HIV seroconversion (32 vs. 32 years), gender (72% 
vs. 59% male) or years since beginning injecting drug use (9 vs. 10 years). 
The main narcotic substance used was amphetamine for 51% of Finnish 
IDUs, whereas in Amsterdam, 57% injected speedballs (heroin together 
with cocaine). 

The median seroconversion interval was longer in Finland than in ACS 
(12.8 months vs. 3.9 months, p<0.05). The seroconversions occurred between 
1997 and 2001 among the Finnish IDUs, and between 1986 and 1996 among 
the Dutch IDUs. In the Finnish study cohort, the maximum number of HIV 
seroconversions occurred in 1998 (Figure 2). 

The follow-up was restricted to 48 months in the ACS, but the median HIV-
positive follow-up was still slightly shorter in Finland (24.3 vs. 29.8 months). 
During the follow-up, four Finnish IDUs died, and one was diagnosed with 
AIDS, whereas in the ACS, seven had AIDS, and five died. 
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Figure 2. The estimated year of HIV seroconversion for the Finnish study cohort, and 
the year of first positive HIV test result for all injecting drug uses (IDUs) as reported 
to the National Infectious Disease Register (NIDR), National Institute for Welfare and 
Health, Finland.
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CD4 cell decline and HIV viral loads
The median number of CD4 measurements per individual was four (range 
0-15) in Finland and six in the ACS (range 1-13). For both sites, the median 
number of viral load measurements was four (0-14).

No statistical difference occurred in CD4 cell level or in CD4 cell decline 
between the Finnish and the ACS cohort during the 48-month follow-up 
period. The predicted CD4 decline after six months since seroconversion 
was 67 cells/µL per year in the Finnish cohort and 64 cells/µL per year in the 
ACS. The predicted CD4 lymphocyte levels six months after seroconversion 
were 535 and 551 cells/µL, and after 24 months, 425 and 446 cells/µL, 
respectively.

In the random effect truncated probit model, Finnish IDUs exhibited 
higher viral loads throughout the follow-up period (Figure 3). When 
analysis was repeated only for those 24 Finnish seroconverters with a 
narrow seroconversion interval (<6 months), the difference in the viral load 
between the Finnish and Amsterdam narrow seroconverters was statistically 
significant from 12 to 48 months after seroconversion. 

When the analysis of viral loads was repeated including all the 
measurements after the administration of ART or after AIDS diagnosis, 
the proportion of participants with one or more excluded measurements was 
the same in both cohorts (10%). In this analysis, the model shows still higher 
viral loads in the Finnish cohort, and the difference between the cohorts 
was significant from 6 to 24 months after seroconversion. After correcting 
for gender, the difference between the cohorts remained comparable in 
magnitude and significance.

 1

 

 
 

 

-0,50

0,00

0,50

1,00

1,50

2,00

2,50

H
IV

 R
N

A
 lo

g1
0 

co
pi

es
/m

l

HIV-RNA dif ference 0,45 0,40 0,34 0,39 0,43 0,47 0,52 0,56 0,60 0,65 0,69 0,73 0,77 0,82 0,86 0,90 0,94

95% conf idence interval, higher 1,06 0,77 0,63 0,66 0,69 0,74 0,79 0,86 0,93 1,01 1,09 1,18 1,27 1,36 1,45 1,55 1,64

95% conf idence interval, low er -0,16 0,03 0,05 0,12 0,17 0,21 0,24 0,26 0,28 0,29 0,30 0,30 0,30 0,30 0,29 0,29 0,28

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48

-0,50

0,00

0,50

1,00

1,50

2,00

2,50

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48Months

 

0 ,0 0

1 ,0 0

2 ,0 0

3 ,0 0

4 ,0 0

5 ,0 0

6 ,0 0

F in land 5,12 4,93 4,74 4,71 4 ,68 4 ,65 4,62 4,59 4,56 4,53 4,50 4 ,47 4 ,44 4,41 4,38 4,35 4,32

A m s terdam 4,67 4,53 4,39 4,32 4 ,25 4 ,18 4,10 4,03 3,96 3,89 3,82 3 ,74 3 ,67 3,60 3,52 3,45 3,38

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48

0,00

1,00

2,00

3,00

4,00

5,00

6,00

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48

H
IV

 R
N

A 
lo

g1
0 

co
pi

es
 / 

m
l

Months

A

B

Figure 3 



51

Figure 3. A) HIV RNA loads (log copies/ml) in Finland and Amsterdam. B) HIV 
RNA load difference (log copies/ml) between the Finnish and the Amsterdam cohort. 
Random effect model allowing for left and right censored data, 95% confidence 
intervals.

5.2. Sociogeographical profile of HIV-positive IDUs (II)

General characteristics
Of all the 176 HIV-positive IDUs, the mean age was 33 (16-63 years), 86.4% 
were living in Helsinki city, and 72.2% were male. Only 1.9% were employed 
at the time of the first interview, 22.4% had been working within the past 
five years, and for 43%, the main source of income was social security. The 
number of homeless (no official address) was 65.3%, and 82.0% had fewer 
than nine years of education, 15.1% were living with a partner, and 35.3 
% had children (<18 years), but only 10.5% of them were living with their 
children; 43.5% had been admitted to a psychiatric hospital care at least 
once.

The sociodemographic characteristics of the 98 early and the 47 recent 
cases appear in Table 6. The recent cases were significantly older, and had 
used injecting drugs for a longer period than had the early cases. There 
were no significant differences between the early and recent cases in the 
proportion of young drug users (age <25 years, 14.3% vs. 6.4%) or in the 
proportion of IDUs who had begun injecting for fewer than five years prior 
to their first visit (26.7% and 14.6%, respectively).
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Additional analyses that either exclude cases interviewed more than one 
year after HIV diagnosis or include cases between April 2000 and March 
2001 yielded similar results.

Table 6.  Sociodemographic characteristics of early and recent HIV-positive injecting 
drug user cases in the outbreak in the Helsinki metropolitan area (early cases: first 
HIV-positive test between 1 April 1998 and 31 March 2000; recent cases: first HIV-
positive test between 1 April 2001 and 31 March 2003).

Early cases

n=98

Recent cases

n=47

p value

Age (years, mean, range)* 32 (16-56) 36 (20-62) <0.05  

Male (%) 70.4% 78.3% 0.323

Main drug amphetamine 74.1% 77.8% 0.670

Duration of injecting 

(years, mean, range)*

10.7 (0-32) 14.3 (1-37) <0.05  

Homeless 66.3% 66.0% 0.966

In employment 2.2% 2.4% 0.801

History of imprisonment 74.7% 72.3% 0.762

Lack of further education (<9 years) 83.8% 84.4% 0.919

History of addiction rehabilitation or 
detoxification or both

61.7% 70.5% 0.109

First CD4 count (cells/µL) 579 431 <0.01  

* at the time of the first HIV-positive test

Sociogeographical distribution of HIV-positive IDUs
The reported geographical areas where the IDUs lived or used drugs during 
the time of their HIV diagnosis appear in Figure 4. Among recent cases, 
only one additional area (suburb of Myyrmäki) was mentioned. When the 
distribution of employed males was compared to the distribution of areas 
mentioned by the IDUs, a consistent pattern emerges: all IDU clusters outside 
the city centre are located in areas with low male employment rates.

When examining the two largest geographical clusters outside the 
downtown separately, 39% (15/38) of the persons who lived or used drugs 
in the suburb of Maunula, and 40% (8/20) of those in the suburb of Malmi, 
did not mention the centre of Helsinki as one of the areas.
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Figure 4. Geographic areas in the Helsinki metropolitan area, where the HIV-positive 
injecting drug users (IDUs) lived or used drugs during the time of the HIV diagnosis, 
and male employment rate. Map A shows the areas reported by the early cases, map B 
the areas reported by the recent cases of the outbreak (1-4 observations / person). 

A  1998-2000

B  2001-2003
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5.3. Unprotected sex among IDUs (III)

General characteristics
Several significant (p<0.05) differences emerged in the characteristics of the 
HIV-positive and HIV-negative IDUs. The HIV-positive IDUs were older 
(median age 36 vs. 26 years), more often unemployed (98% vs. 89%), and 
hepatitis C antibody-positive (96% vs. 51%) than were the HIV-negative 
IDUs. The main drug was amphetamine for 52% of the HIV-positive 
participants and for 36% of the HIV-negative participants. Of the HIV-
positives, 78% had a history of imprisonment and 72% reported injecting 
in the past six months, whereas the proportions among the HIV-negatives 
were 38% and 100%, respectively. 

Of the HIV-positive IDUs, 28% had undergone inpatient addiction 
treatment (with or without outpatient treatment), 56% had undergone 
outpatient treatment only, and 26% had used no addiction treatment services, 
whereas the proportions among the HIV-negative group were 57%, 10% and 
33%, respectively. At the time of the interview, 18% of the HIV-positive 
IDUs were on methadone substitution treatment and 2% on buprenorphine 
substitution treatment, whereas the proportion in the HIV-negative group 
was 0.5% and 7%, respectively.

Of the HIV-positive IDUs, 18% reported having lent needles, syringes or 
other injecting equipment at least once in the past six months. Borrowing 
or lending injection equipment was reported by 62% of the HIV-negative 
IDUs.

Sexual behaviour 
The sexual behaviour of the HIV-negative and HIV-positive IDUs appears 
in Table 7.The HIV-negative participants were more often sexually active 
than were the HIV-positives (87% vs. 70%). Inconsistent condom use was 
reported by 63% (39 of 62) of the HIV-positive and 80% (144 of 181) of the 
HIV-negative sexually active IDUs. Of the HIV-positive IDUs, 33% had 
multiple sex partners compared to 42% of the HIV-negative group. Among 
the male IDUs, 2% of the HIV-positive participants and 4% of the HIV-
negative participants reported having sex with other males.
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Table 7. Sexual behaviour of HIV-positive and HIV-negative injecting drug users in 
the past six months.

Variable
HIV-positive (n=89)

Helsinki Cohort Study

HIV-negative (n=207)

Riski study
Number of partners 

   0

   1

   2-6

   >6

28 (31.5%)

32 (36.0%)

26 (29.2%)

3 (3.3%)

26  (12.6%)

93 (44.9%)

77 (37.2%)

10 (4.8%)

Partner type 

   Steady partner only

   Casual partner only

   Steady and casual

   Commercial sex partner

27/62 (43.5%)

26/62 (41.9%)

8/62 (12.9%)

6/62 (9.7%)

89/181 (49.2%)

26/181 (14.4%)

56/181 (30.9%)

15/181 (8.3%)

Inconsistent condom use with*

   Steady partner

   Casual partner

   Commercial sex partner

   Any type of partner

26/35 (74.3%) 

15/34 (44.1%)

0/(0%)

39/62 (62.9%)

127/155 (82.5%)

48/82 (58.5%)

9/30 (30.0%)

144/181 (79.6%)

No condom/last occasion with*

   Steady partner

   Casual partner

   Commercial sex partner

15/35 (42.9%)

10/34 (29.4%)

0/(0%)

101/155 (65.2%)

38/82 (46.3%)

4/15 (26.7%)
Sexually transmitted infections

diagnosed 8 (9.0%) 4 (1.9%)
* Percentages of those who have a partner

Factors associated with inconsistent condom use
In univariate analysis, inconsistent condom use was more common among 
HIV-negative IDUs than among HIV-positive IDUs, and was more common 
in steady relationships in both groups. In addition, inconsistent condom use 
was more common among those IDUs who had received inpatient addiction 
treatment within the past six months than among those who had received no 
such treatment (p<0.10). In multivariate analysis, the association between 
addiction treatment and inconsistent condom use differed according to HIV 
status. For the HIV-positives, inconsistent condom use was associated with 
in- and outpatient treatment, whereas for the HIV-negatives, inconsistent 
condom use was associated only with inpatient treatment (Table 8).
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In this study, inconsistent condom use showed no independent association 
with age, gender, marital status, number of sex partners, commercial sex, 
STIs, drug use frequency, NEP use, or duration of injecting. Furthermore, 
inconsistent condom use showed no association with education, unstable 
living, unemployment, recent imprisonment (within the past 6 or 12 months) 
or number of imprisonments. Among those who reported no drug use, but 
had sexual partners, 56% (9/16) reported inconsistent condom use.

When the logistical regression analysis was repeated to include those 
IDUs who reported having no sexual partners in the past six months, the 
results were similar. Likewise, the results remained the same after excluding 
the 16 HIV-positive IDUs who had known HIV-positive partners, and 
after excluding the 22 participants who reported no drug use in the past 
six months. 

Table 8. Factors related to inconsistent condom use in the past six months. Because 
of interaction between substance abuse treatment and HIV status, odds ratios (OR) 
appear separately according to HIV status. Injecting drug users (IDUs) who reported 
having had no sex (n=54) were excluded. 

Variable Inconsistent condom 
use 

OR (95% CI) in the 
multivariate model

Partner type

   Steady partner only

   Casual partner only

   Steady and casual

 98 (84.5%)

 28 (53.8%)

 49 (76.6%)

5.6 (2.4-13.4)

1.0

2.6 (1.1-6.4)

HIV-positive IDUs (n=60)

   Substance abuse treatment

   Inpatient

   Outpatient only

   No treatment

 

39 (65.0%)

 

12 (80.0%)

 25 (65.8%)

 2 (28.6%)

6.0 (1.7-143.0)

9.0 (1.4-60.4)

1.0

HIV-negative IDUs (n=179)

   Substance abuse treatment

   Inpatient

   Outpatient only

   No treatment

143 (79.9%)

 82 (82.0%)

 10 (66.7%)

 51 (79.7%)

1.7 (0.7-4.1)*

0.4 (0.1-1.5)

1.0
* OR 4.2 (1.2-15.2) compared to the outpatient group
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5.4. Epidemiology of late HIV diagnosis in Finland (IV)

General characteristics of newly diagnosed HIV cases 
Of all 934 cases, 26% were IDUs, 31% heterosexuals, and 42% MSM. 
The transmission group for 11 cases was either other or unknown. The 
characteristics of the study population divided into four-year calendar 
periods of HIV diagnosis appear in Table 9. The study population represents 
77% of IDU, 66% of MSM and 42% of heterosexually transmitted HIV cases 
reported to the National Infectious Disease Registry nationwide between 
1985 and 2005 (n=1597). 

Table 9.  Characteristics of newly diagnosed HIV patients and proportion of late 
diagnosed HIV cases in the study.
Characteristic Period of HIV diagnosis

1985-1989
n=122

1990-1993
n=139

1994-1997
n=155

1998-2001
n=279

2002-2005
n=239

All
n=934

Age, median, 
years (IQR)*

31 (25-37) 31 (26-38) 33 (28-40) 34 (28-40) 36 (30-42) 33 (28-40)

Male 90% 76% 68% 73% 81% 77%
Finnish 
nationality

89% 83% 72% 90% 82% 84%

Previously 
tested

20% 44% 45% 48% 56% 45%

HIV-negative 
test within 2 
years 

17% 31% 22% 32% 29% 28%

Late-diagnosed 
cases
     IDU 2/8            

(25%)
1/3             
(33%)

0  11/181 
(6%)

17/46 
(37%)

31/238 
(13%)

     Heterosexual 4/22         
(18%)

13/59 
(22%)

 25/78 
(32%)

12/51 
(24%)

22/79 
(28%)

76/289 
(26%)

     MSM 11/88 
(13%) 

21/75 
(28%)

32/77 
(42%)

 15/47 
(32%)

22/109 
(20%)

101/396 
(26%)

*Interquartile range

Late diagnosis among newly diagnosed HIV cases
Of all cases, 195 (21%) presented with a CD4 count of fewer than 200 cells/
µL, 59 (6%) with a CD4 of <50 cells/µL, and 80 (9%) presented with AIDS. 
Altogether, 211 (23%) were classified as late diagnoses (CD4 <200 cells/
µL, or AIDS within three months of HIV diagnosis). Within the first year 
after HIV diagnosis, 98 (11%) were diagnosed with AIDS. The median CD4 
count was 419. 

The proportions of late-diagnosed individuals and predictors of late diagnosis 
in the multivariate model appear in Table 10. Individuals diagnosed late were 
more often older (>40 years), male, non-IDUs, non-Finnish, and less likely 
to be tested before. Late-diagnosed individuals were more often diagnosed in 
primary health care or in secondary health care than in STD clinics.
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Late diagnosis was rare before 1990 and between 1998 and 2001. These 
four-year periods overlapped with the early stages of identifiable sub-
epidemics: the MSM and heterosexual sub-epidemic prior to 1990, and 
the IDU outbreak in 1998-2001 (Figure 5). When multivariate analysis 
was repeated using the variable “stage of the epidemic” instead of calendar 
periods, the later stage of the outbreak was found to be a strong independent 
predictor (OR 4.3, 95% CI 2.5-7.4) for late diagnosis. The cART era failed 
to change the proportion of late-diagnosed cases among heterosexual and 
MSM transmissions. The IDUs were excluded from this analysis, since the 
outbreak occurred after introduction of cART.

Table 10. Prevalence and predictors of late HIV diagnosis.
Variable Late diagnosed cases 

(%)
Adjusted OR 
(95% CI)

p value

Nationality
   Finnish
   Non-Finnish

164/78 (21%) 
47/153 (31%) 

1.0
1.7 (1.1-2.8)

<0.05

Age at HIV diagnosis
   <30
   30-39
   >=40

47/304 (16%)
78/371 (21%)
86/259 (33%)

1.0
1.5 (1.0-2.3)
2.6 (1.6-4.1)

<0.001

Transmission group and gender
   IDU female
   IDU male
   Hetero female
   Hetero male
   MSM

2/58 (3%)
29/179 (16%)
30/155 (19%)
46/134 (34%)
101/396 (26%)

1.0
5.2 (1.2-23.3)
3.5 (0.7-16.0)
6.1 (1.3-27.8)
7.2 (1.6-31.9)

<0.01

Calendar period 
   1985-1989
   1990-1993
   1994-1997
   1998-2001
   2002-2005

 
17/122 (14%)
37/139 (27%)
57/155 (37%)
38/279 (14%)
62/239 (26%)

1.0
2.3 (1.2-4.6)
3.7 (1.9-7.2)
1.3 (0.6-2.6)
2.2 (1.1-4.1)

<0.001

Stage of the epidemic *
   First
   Later

26/291 (9%)
185/643 (29%)

1.0 *
4.3 (2.5-7.4)*

<0.001

Previously tested HIV- negative
   Yes
   No

70/422 (17%)
141/512 (28%)

1.0
1.9 (1.4-2.8)

<0.001

Site of HIV diagnosis        
   STD clinic
   Primary health care
   Secondary health care
   Non-health care
   Unknown

8/94 (9%)
54/258 (21%)
97/275 (35%)
45/280 (16%)
7/27 (26%)

1.0
2.5 (1.1-5.6)
5.2 (2.3-11.6)
2.1 (0.9-4.9)
3.4 (1.1-11.1)

<0.001

*Multivariate analyses repeated by replacing the variable “calendar period” by “stage of the 
epidemic”. 
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Figure 5. Median CD4 cell count, annual number of newly diagnosed HIV cases, and 
number of late-diagnosed HIV cases in sub-epidemics among men who have sex with 
men (MSM), heterosexuals, and injecting drug users (IDUs) in the HUCH area, and 
annual number of HIV cases reported to National Infectious Diseases Register from 
Finland.

Site of HIV diagnosis
Of the heterosexually transmitted cases, 71% were diagnosed as HIV-positive 
in primary or secondary health care settings, whereas the proportion among 
MSM and IDU groups was 56% and 40%, respectively. Prisons, needle 
exchange sites or drug treatment facilities diagnosed 49% of the HIV cases 
among IDUs (Table 11). 

 Despite the stable proportions over calendar periods in all diagnoses 
made in health care settings, primary health care diagnosis decreased from 
35% to 13% among late-diagnosed cases.
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Table 11. Sociodemographic characteristics, testing behaviour and delays in HIV cases 
among injecting drug users (IDUs), heterosexuals, and men who have sex with men 
(MSM). 

Characteristics IDU

n=238

Hetero

n=289

MSM

n=396
Age, median, years  (IQR)* 35 (28-41) 31 (27-40) 34 (28-40)
Male 76% 46% (100%)
Finnish nationality 96% 62% 93%
Testing status
   Previous HIV-negative test 
   available (%)

50% 38% 48%

   HIV-negative test within 2 years 36% 21% 28%
Site of HIV diagnosis
   Primary health care   

   Secondary health care

   STD clinics

   AIDS support centre 

   Prisons

   NEPs

   Drug treatment

   Immigrant centre

   Other

  Unknown  

18%

22%

3%

0%

23%

20%

6%

0%

5%

3%

34%

38%

6%

5%

1%

1%

0%

4%

9%

3%

29%

27%

17%

13%

0%

0.3%

0.3%

0%

11%

3%
Delays (median, days)
   HIV-positivity to referral 15 14 14
   Refererral – First visit 32 16 17
   HIV-diagnosis – first CD4 44 33 34
   HIV-diagnosis – first visit 59 34 35

*Interquartile range

Delayed entry to HIV care
The median delay from the HIV diagnosis to the first visit at the Infectious 
Disease Clinic was 1.3 months. The delay was shortest for female heterosexuals 
(median 1.1 months) and longest for male IDUs (median 2 months). Of all 
cases, 11% were delayed for more than six months, and 4% for more than 
two years. Of the IDUs, 20% were delayed for more than six months.

In the multivariate model both, female IDUs (OR 5.0, 95% CI 2.0-12.1) 
and male IDUs (OR 3.9, 95% CI 1.9-7-9) were more likely than MSM to enter 
HIV care late. Delayed entry to care was more common prior to 1998, and 
was also associated with non-Finnish ethnicity (OR 2.3, 95% CI 1.3-4.11). 
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6. DISCUSSION

Finland’s geographical location between the East and West is reflected in the 
spread of HIV. Whereas Western-type sexual epidemics spread in the 1980s, 
the Finnish outbreak among IDUs spread late, but explosively, similar to 
the concurrent outbreaks in the former Soviet Union. However, this study 
describes characteristics of one of the few IDU epidemics to revert very 
quickly, and where the prevalence of HIV among IDUs remained low. 

Finland’s relatively isolated northern geographic location may also have 
contributed to the late introduction of HIV in Finland, which allowed 
the early detection of the epidemics that appear in this study. This early 
detection, followed by early response, may have contributed to the low HIV 
prevalence in the country. 

Perhaps most importantly, this study shows the geographical spread and 
restriction of the HIV epidemic among IDUs on a smaller scale, at the city 
and neighbourhood level. The results show that in low prevalence countries, 
high-risk groups may be concentrated in deprived areas, or “pockets of 
poverty”, and poses a strong argument in support of outreach work, the 
decentralisation of services, and rapid responses.

Even if this study covers only some of the factors that may have influenced 
the spread of HIV, it allows discussion of the spread and restriction as well 
as the risk for further spread of the HIV outbreak among Finnish IDUs 
in light of the results, surveillance data, and published studies available 
from other countries. Study IV also creates an opportunity to compare 
this IDU outbreak with other Finnish sub-epidemics among MSM and 
heterosexuals.

6.1. Rapid spread of the outbreak (I,II)

The spread of HIV among Finnish IDU was even more rapid than official 
statistics suggest. This study shows that the majority of seroconversions 
occurred as early as in 1998, whereas the peak in incidence in the Finnish 
reporting system occurred in 1999. Since the median CD4 counts were high 
in the early years of the outbreak, the sharp rise in new HIV cases cannot 
be due only to increased testing, but rather reflects a recent increase in new 
transmissions.  

The HIV viral load is associated with infectivity.210-214 The viral load is 
high in the early stage of the infection, which renders recently infected 
IDUs particularly infectious and enables the rapid spread of HIV. In this 
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study, the viral load was higher in the Finnish cohort infected with subtype 
CRF01_AEFin than in the Dutch IDU cohort infected with subtype B, which 
may have facilitated the explosive spread of CRF01_AEFin among Finnish 
IDUs. 

The results indicate that the period of higher probability of transmission 
may be longer in CRF01_AEFin-infected persons, at least compared to 
individuals infected by subtype B. Viral loads declined in both subtypes, 
but the decline was slower in the Finnish cohort, and the difference between 
the subtypes increased during the two-year follow-up. 

According to results from Uganda, the risk for transmission is 26 times 
higher during the primary infection than later in the course of HIV infection, 
but only for a three-month period.215 Among heterosexuals, the impact of 
this early period was considered short in relation to the long asymptomatic 
phase of the infection. However, the early period carries greater weight 
among IDUs, since the number of high-risk situations and sharing partners 
may be large, and the probability of transmission associated with unsafe 
injecting is higher than with sexual contacts.3

Since the difference in viral load between the subtypes was relatively 
modest, we must take into account the possible impact of different quantitation 
assays. Previous versions of the assays are known to underestimate viral loads 
in non-B subtypes. In the present study, both cohorts were analysed with 
an assay that is sensitive to the prevalent subtype: NASBA for subtype B 
and Amplicor for subtype CRF01_AEFin. Our own analysis and calculations 
based on previous studies indicate that had Amplicor 1.5 been used for both 
cohorts, the viral loads for subtype B would have appeared slightly lower, 
and thus the differences between the cohorts even greater.250-252 

A recently published study suggests that relatively small changes in viral 
loads may affect the transmissibility of HIV.216 The researchers estimated that 
the likelihood of transmitting HIV through heterosexual contact increases 
by 20% with every 0.3 log10 increment in HIV RNA. The mean viral load 
difference between the Finnish and the Dutch cohorts varied between 0.34 
and 0.94 log10, and the lower 95% confidence interval exceeded 0.2 log10 
after the first year of follow-up. Thus, the observed higher viral load in the 
Finnish cohort may have contributed to the rapid spread of the outbreak.

The results of the present study are in accordance with the results of a 
cohort study in Thailand, where higher viral loads were found during the 
early period of HIV infection among persons infected with CRF01_AE than 
among those infected with subtype B; both were analysed with Amplicor 
1.5.52 In Thailand, subtype AE has also spread more rapidly than subtype 
B has, even if both were introduced to the IDU population.253 Similar 
differences in viral loads in the early stages of HIV infection have been 
observed in other comparisons between seroconverter cohorts (i.e. studies 
that allow comparison of the cohorts in relation to the time since estimated 
transmission).50, 53, 54 However, studies lacking seroconversion data seem 
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unable to detect such differences between subtypes, since these appear only 
in the early stages of HIV infection.40-45 

In addition to high viral load and infectiousness in early infection, other 
factors have also been associated with the rapid spread of HIV among IDUs. 
The lack of information about HIV and restricted access to clean needles 
and syringes combined with a high number of susceptible individuals in 
the naive IDU population have fueled HIV epidemics in many countries.254, 

255 Rapid spread may also be associated with situations that create fast risk-
partner changes (e.g. “shooting-galleries” where IDUs may share needles 
and syringes with many IDUs in a short period of time).255 

In the Helsinki metropolitan area, the number of IDUs was estimated 
to be as high as 7400 in 1998, and high incidence of hepatitis C (HCV) 
infections reflects the existence of risky injecting behaviour among this 
large susceptible IDU population. Qualitative information obtained during 
the structured interviews of this study also indicate a lack of information 
about HIV and other blood-borne diseases. Probably most importantly, 
this study describes the limited access to clean equipment in the beginning 
of the outbreak. 

NEP was implemented with limited resources in the city centre in 1997, 
and the other NEP centres were opened after 1999. In this study, two clear 
clusters of IDUs emerged outside the city centre. Up to 40% of the HIV-
positive IDUs who lived or used drugs in these clusters had no contact with 
the city centre of Helsinki. Thus, NEP failed to reach these geographical 
pockets of infection.

In addition to the insufficient geographical coverage of NEPs, the numbers 
of exchanged needles and syringes was only 74 000 in 1998, compared to 
1 108 000 in 2003.256 Since neither the amount of equipment distributed 
by pharmacies nor the number of IDUs in the area increased during that 
period, the coverage of the equipment was far from adequate during the 
first years of the outbreak, when the majority of transmissions occurred as 
early as in 1998. 

The number of exchanged equipment can also serve as a surrogate for 
other prevention activities since these were included in Finnish NEPs, known 
as the Low Threshold Health Service Centers, from the beginning.256 Those 
IDUs unreached by clean needles and syringes were also less exposed to 
information, education, low-threshold testing, counselling and referrals to 
drug treatment. 

Conversely, access to clean equipment and other services improved 
rapidly, and is most likely one of factors that contributed to the limitation 
of the outbreak. 
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6.2. Rapid restriction of the outbreak (II)

In many countries, HIV incidence among IDUs peaks when the prevalence 
of HIV is high, and thus the number of susceptible IDUs in the population 
decreases. In the Helsinki area, this saturation effect fails to explain the 
limitation of the outbreak, since the number of IDUs was estimated to be 
as high as 7400 in the area, and fewer than 300 of them became infected 
with HIV.257, 258 

However, the results of the present study indicate that the outbreak was 
saturated in a core group of marginalised IDUs. Firstly, those IDUs infected 
with HIV in the later stage of the outbreak (2002-2003) were significantly 
older, had lower CD4 levels, and had used injecting drugs for a longer 
time than had those IDUs diagnosed in the beginning of the outbreak. 
Thus, they may at least partly represent the same core group as the early 
cases, only diagnosed later. Secondly, the HIV-infected IDUs were older and 
more marginalised than were the HIV-negative IDUs interviewed in the 
Riski study, which was conducted at needle exchange stations.249 Even if the 
selected material of the Riski study does not represent all IDUs, those results 
support the view that the sociodemographic profile of HIV-infected IDUs 
differed from that of the average IDU population in the area. Thirdly, this 
present study also shows the spatial clustering of HIV-positive IDUs. In the 
lack of specific network data, these clusters of IDUs found outside the city 
centre can be considered indirect signs of networking between the IDUs: the 
40% of individuals in clusters who had no contact with the city centre may 
also have had limited contact with other IDUs outside the clusters. 

Compared to the situation in Russia, the sociodemographical profile and 
spatial distribution of the HIV-infected Finnish IDUs contrast sharply.229 
In Helsinki, the HIV-infected IDUs were older, more marginalised, 
frequently homeless, and often had a history of imprisonment, addiction 
care, psychiatric care, and a long history of injecting drug use. The cases 
diagnosed in later stages of the outbreak were just as marginalised and came 
from the same neighbourhoods as did the early cases, and no new clusters 
were detected during the five-year study period. Only 10% of the cases were 
young (<25 years), and the proportion of young IDUs decreased during the 
study period.

In St. Petersburg, the HIV-infected IDUs were not only spatially clustered, 
but also co-clustered with a high frequency of heroin injection and receptive 
syringe sharing, and – most notably – being younger than 24 years of age 
and living with their parents. 229 Similarly, in Estonia, most HIV-infected 
IDUs belonged to the 15- to 24-year age group.23 Young IDUs may be more 
likely to transmit HIV further, because they are often more sexually active 
and may have little knowledge of HIV and safe injecting.235, 259 

Some studies suggested in the 1990s that HIV may enter the IDU 
population through marginalised groups of IDUs.260, 261 This study shows 
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that the Finnish epidemic spread in only a limited fashion outside this 
marginalised core group. However, HIV-negative IDUs were engaging in 
high-risk behaviour, as reflected in the high incidence of HCV and in the 
interviews of the Riski study among HIV-negative IDUs conducted shortly 
after the outbreak.126, 249 Without interventions, HIV would most likely have 
spread among the larger IDU population and caused a “second wave” of the 
outbreak within the area.

Nevertheless, several interventions were implemented, which may have 
contributed to the containment of the HIV epidemic. The first NEP began in 
1997 and offered clean needles, syringes, condoms, and health counselling 
and testing for HIV and hepatitis. In addition, pharmacies were encouraged 
to continue selling needles and syringes to IDUs. In response to the first HIV 
cases detected among IDUs, public information about a possible outbreak 
was disseminated through the media, and specifically at the NEP stations. 
The frequency of HIV testing increased, especially in prisons and at NEPs. 
Notably, almost one in three HIV infected IDUs was diagnosed at prisons 
during the first two years of the outbreak.

A study by Des Jarlais et al. described prevention activities and risk 
behaviour in cities where HIV was introduced to the IDU population, but 
the prevalence remained low (<5%).185 The three most common components 
of prevention were present in all five cities: the implementation of prevention 
activities when HIV prevalence was still low, easy access to sterile injection 
equipment, and community outreach to IDUs. As described above, the two 
first components were also present in the Helsinki metropolitan area. 

Some of the interventions began after the outbreak peaked, and have 
thus played no role in reversing the trend in HIV incidence. They may 
have influenced continued positive development, however. Since December 
2000, the day centre for HIV-positive IDUs offers a free low-threshold 
methadone programme, clean injection equipment, food, addiction care 
services, infectious disease specialist services, medication and social 
services. The centre has also improved adherence to antiretroviral therapy, 
which can reduce the risk of transmission by decreasing the viral load.219-221 
Furthermore, separate daily services have encouraged networking among 
HIV-positive IDUs, and may also have reduced their contact with HIV-
negative IDUs. One of the indirect indicators of this is the low proportion 
of HIV-positive clients in anonymous seroprevalence studies conducted in 
other NEPs despite the fact that a majority of HIV infected IDUs remain 
active drug users. 

Outreach programmes began in 2001, and have educated peer workers 
who distribute information, clean equipment and condoms for hard-to-reach 
IDUs outside the city centre. Peer work as well as HIV and health education 
programmes targeted at IDUs have been implemented in prisons as well.

Early detection of the outbreak and early diagnosis of HIV may also have 
led to similar positive changes in risk behaviour as reported in other studies 
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among IDUs.195, 196 In this study, HIV-positive IDUs reported significantly 
less risky injecting and unprotected sex than did HIV-negative IDUs. 
Unfortunately, this study has no pre-outbreak behavioural data.  

The Finnish HIV outbreak among IDUs occurred in a fairly stable 
socioeconomic and political situation compared to those in Estonia, Russia, 
and in many other transitional or developed countries. Although barriers to 
the acceptance of harm reduction programmes were common, the outbreak 
of HIV facilitated the diffusion of NEPs in the Helsinki metropolitan area, as 
well as in other parts of the country.262 Compared to many Western countries 
where the HIV incidence among IDU peaked as early as in the 1980s, much 
more evidence-based data on HIV prevention was now available, which 
could be put into action without significant delay.263 

6.3. Risk for further spread of HIV among Finnish IDUs (III)

Examples where HIV has spread again after years of stable HIV prevalence 
do exist.24 On the other hand, also in cities that succeeded in reverting HIV 
outbreaks, residual risk behavior has been reported. This study included no 
detailed analysis of injecting behaviour and determinants of risky injecting 
among HIV-positive and HIV-negative IDUs. It does, however, show that 
among the 296 IDUs included in the sexual risk behaviour analyses, up to 
18% of HIV-positive IDUs reported at least one lending episode, and 62% 
of HIV-negative IDUs reported having borrowed or lent equipment at least 
once in the past six months. 

The residual injection risk behaviour among HIV-positives is in line 
with that of other studies.147 The observed prevalence of risky injecting, 
combined with the HCV incidence of more than 350 cases from the HUCH 
area and the rising HCV incidence in northern Finland, indicates that a 
risk for HIV spread exists through unsafe injecting. Sharing is unlikely to 
become less common among those IDUs excluded from the Riski study, 
which was conducted within NEPs. Thus, the continuation, distribution 
and development of NEPs and of other prevention activities are of great 
importance. 

Several studies have shown the growing impact of sexual transmission 
on HIV epidemics among IDUs, especially in settings where prevention 
activities have successfully decreased injection-related risks.152, 153 This study 
shows that unprotected sex was common among Finnish IDUs. Up to 70% 
of IDUs reported inconsistent condom use, which is in line with the results 
of earlier studies. 

Compared to the study populations of many other studies, this study 
population was more marginalised.152, 157-160 On the other hand, this study 
also shows the high prevalence of risky behaviour despite the wide range 
of services available: HIV-positive IDUs were followed up in the Infectious 
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Disease Clinic, and HIV-negative people were active NEP users. In addition, 
the majority of IDUs in both groups had used addiction care services. 
However, structured HIV prevention targeted at sexual behaviour is offered 
to HIV-positives only during the first clinic visits. Of HIV-negatives, a 
minority reported that they had received counselling at NEPs about sexual 
behaviour.249 There exists a clear need to combine structured and repeated 
interventions targeted at sexual behaviour with these services offered for 
IDUs.

Having a steady partner is a known risk factor for unprotected sex among 
IDUs.264 In contrast, the association between recent addiction care and 
inconsistent condom use found in this study is an unexpected result. It 
must be noted that this sub-study was not designed to evaluate the effect of 
addiction care. Where most previous studies have been conducted during 
drug treatment and have had no positive effect on high-risk sexual behaviour, 
our study population consisted of active injectors. Despite this possible 
selection bias and small sample size, the results suggest the need for further 
studies, since similar results were obtained recently in a larger study among 
SIF users in Canada.161 

A more qualitative approach may help us to understand whether this 
higher-risk behaviour possibly reflects the chaotic life situation of IDUs 
prior to entering treatment, increased networking among IDUs in drug 
treatment, or increased sexual activity after such treatment. Nevertheless, the 
high prevalence of unprotected sex poses a risk for HIV to spread sexually 
among IDUs, and poses a huge challenge for health and addiction care 
workers who work with this difficult patient population. 

6.4. Characteristics of the IDU outbreak compared to 
sexual epidemics in Finland (I, IV)

When the characteristics of the IDU outbreak are compared to the Finnish 
epidemics among MSM and heterosexuals, some clear differences stand out. 
As discussed previously, the IDU outbreak spread later, spread faster, and was 
contained faster than were the epidemics among MSM and heterosexuals. 

Comparable to a study from Italy, Finnish IDUs were diagnosed earlier in 
their infection, but their delays in receiving HIV care were longer than for 
the MSM and heterosexually transmitted cases.91 The IDUs were also more 
likely to test HIV-negative earlier. Of particular importance, the IDUs were 
more often diagnosed at sites, such as NEPs, drug treatment or prisons, that 
may actively offer HIV testing combined with other services while up to 70% 
of heterosexuals and 60% of MSM were diagnosed in health care settings. 
Being diagnosed in non-health care settings as well as in STD clinics was 
also independently associated with earlier diagnosis, at least more so than 
in primary or secondary health care.
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However, some interesting similarities also exist between the IDU 
epidemic and the sexual sub-epidemics in Finland. The data show that 
the spread of HIV was detected early not only among IDUs, but also in 
sexual epidemics in the 1980s. In the IDU outbreak, only 6% of patients 
were diagnosed with low CD4 levels during the first four-year period. The 
median CD4 count of all IDUs diagnosed between 1998 and 2001 was 490 
cells/µL whereas the predicted CD4 count of seroconverters in study I was 
468 cells/µL 12 months after seroconversion. The recent spread of HIV was 
confirmed by the introduction of a novel, genetically homogenous HIV 
clone in the IDU population and in only a few HIV cases diagnosed among 
IDUs in previous years.7 

Notably, the proportion of late-diagnosed cases was low also in the first 
stage of the sub-epidemics among MSM and heterosexuals, and the median 
CD4 count was even higher than in the beginning of the IDU outbreak (545 
and 575 cells/µL, respectively). This early detection of each sub-epidemic 
allowed early responses, and provides one possible explanation for the low 
prevalence of HIV in Finland.

The other common feature in all epidemics was the increasing proportion 
of late-diagnosed cases in later stages of the epidemics. Late diagnosis was 
rare in the first four-year period of each sub-epidemic, but became more 
common thereafter. Regardless of transmission group, the subsequent, later 
stage of the epidemic was an independent risk factor for late diagnosis. 

Devoting so much attention in the literature to late diagnosis and its 
avoidance may lead to the assumption that a low proportion of late-diagnosed 
cases is a favourable epidemic situation. However, in our data, the lowest 
proportions of late-diagnosed cases coincided quite naturally with the early 
phases of the spread of HIV to respective transmission groups. Illustratively, 
in the last four-year study period, the proportion of late diagnosis was 
highest (37%) in the rapidly contained outbreak among IDUs, and lowest 
(19%) in the MSM sub-epidemic characterised by a rising incidence. A low 
proportion of late-diagnosed cases can be a desired outcome of prevention 
and testing policies, but combined with rising HIV incidence, may also 
signal new transmissions.

6.5. Strengths and limitations (I-IV)

This study has several advantages. The study population covers a large 
majority of the whole HIV outbreak among Finnish IDUs and is the first 
study to describe the spatial spread and containment of an IDU outbreak over 
time. It also includes data on all newly diagnosed HIV cases in the HUCH 
area, representing 65% of all HIV cases in Finland. The study period, which 
included the early stages of all sub-epidemics, enabled recognition of the 
stage of the epidemic as a risk factor for late HIV diagnosis. In addition, the 
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virological sub-study contributes data to the debate on clinical differences 
between the HIV subtypes, and suggests the possible role of this recombinant 
subtype in the rapid spread of the IDU outbreak.

This study nevertheless has limitations that must be considered. Firstly, 
this study covers only some of the wide range of factors that influence the 
spread of HIV, whereas many known and unknown factors remain beyond 
its scope. Thus, the results can neither to prove the effects of different factors 
or interventions nor to weigh their impact against the spread of HIV.

In addition, the individual sub-studies have their limitations. The 
different quantitation assays used in the comparison of the two subtypes 
are discussed here earlier. Regarding the study on sexual behaviour, the 
small sample size, the missing data regarding HIV status of one’s partners 
and the different selection criteria of the two study populations limit the 
conclusions. In the study on the spatial spread of HIV, data on the spatial 
distribution of HIV-negative IDUs and data on networking between HIV-
positive and HIV-negative IDUs would have added much to the analysis. 
In addition, the inclusion criteria vary between the sub-studies, and may 
limit the generalisation of the results. Finally, the reason for HIV testing 
was recorded only for IDUs, not for all newly diagnosed cases in the study 
that described trends in late HIV diagnosis.

6.6. Implications  (I-IV)            

This study demonstrates the importance of outreach work and other 
preventive efforts that target the hard-to-reach population of marginalised 
IDUs. The HIV outbreak occurred in socioeconomically defined areas, which 
– except for the city centre – were characterised by high unemployment 
rates and low income (i.e. the most deprived neighborhoods in the Helsinki 
region). 

Friedman et al. described in 1995 that in low prevalence countries, HIV 
may be concentrated in socio-behavioural pockets of infection. The present 
study shows that these social pockets are located in pockets of poverty 
within the region. To prevent outbreaks, these pockets must be identified 
and reached, ideally before the spread of HIV. In addition to outreach and 
other peer work, this may include the decentralisation of NEP and of other 
services, and collaboration between the health care and the local social 
sector.

These results can be generalised to similar countries and areas with low-
level epidemics, and to some extent to other concentrated IDU epidemics 
as well. Studies show that large geographical differences in prevalence of 
HIV also exist in those countries where HIV is highly concentrated among 
IDUs. In high prevalence settings, far more resources are clearly needed to 
curb the outbreak. However, to identify and to reach marginalised IDUs in 
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deprived neighborhoods is an important challenge in all settings. 
The second implication of this study is the prevention targeted at the 

sexual behaviour of IDUs. Inconsistent condom use is common among 
HIV-positive and HIV-negative IDUs, and was associated with steady 
relationships and with recent addiction care. This creates a risk for HIV 
spread, but also highlights opportunities for prevention. A large majority of 
IDUs had previously used addiction care services, which suggests combining 
HIV prevention with these services. 

Although many studies report the difficulty in changing sexual behaviour, 
behavioural interventions are shown to be effective, especially when they 
include certain behavioural skills components.194 Behavioural interventions 
may also be easier when combined with addiction care than with NEPs, 
since such interventions require several sessions, and when in treatment, 
IDUs are likely to be off drugs and more receptive to the interventions. 
However, interventions are also needed to facilitate safer sex among out-of-
treatment IDUs. Since unprotected sex was unassociated with markers of 
marginalisation, commercial sex or gender, the results underscore the need 
to target the interventions structured for every IDU. Furthermore, the steady 
partners of IDUs should be actively offered intervention and HIV testing. 

Thirdly, to facilitate early HIV diagnosis, this study suggests increasing 
of HIV testing. An increase in routine HIV testing actively offered as a part 
of health care, and new low-threshold testing opportunities are needed, 
especially for heterosexuals who are often diagnosed late. For MSM, this 
study also suggests strengthening primary prevention measures because of 
increasing HIV incidence despite increases in previously tested cases. 

Public awareness of HIV, of promising prognoses and the importance 
of early diagnosis should be raised, as should such awareness among 
physicians and other health care personnel. Anonymous, low-threshold 
HIV testing should be easily available in all health care settings. In addition, 
it is important to continue and to develop alternative testing possibilities, 
such as through NGOs.

Despite these needs to develop and increase HIV testing in Finland, 
this study does not support the view that late diagnosis would be more 
common in countries with low-level HIV epidemics, which is an important 
background for new testing policies. Lower proportions of late diagnosed 
cases are reported only from Australia, another country with a low-level 
epidemic.83

Finally, there are some lessons learned regarding HIV surveillance and 
similar studies. Including baseline CD4 data in HIV surveillance has been 
recommended and has begun in 26 countries in Europe, and a common 
definition for late diagnosis is under discussion.265 This study shows that local 
data on the epidemiology of late HIV diagnosis is valuable, since trends and 
risk factors vary between countries and studies. The 20-year study period 
also shows that the proportion of late-diagnosed cases reflects not only 
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the problem of late HIV testing, but also the stage of the local epidemic. 
The stage and the age of the epidemic must be taken into account when 
interpreting surveillance data and studies on late HIV diagnosis, especially 
in cross-country comparisons. The goal must be early diagnosis rather than 
a low proportion of late diagnoses.

6.7. Future considerations 

In the future, monitoring the baseline CD4 cell counts of the national HIV 
surveillance data makes it possible to recognise groups at risk for late diagnosis 
in Finland, and shows in which geographical areas and transmission groups 
HIV testing must be improved. In order to recognise recent infections and 
thus groups and areas that require targeted prevention programmes, baseline 
CD4 cell count data on newly diagnosed HIV cases can be complemented 
with serological tests that recognise recent HIV infections (STARHS).

According to a comment by Wilson and Halperin published in the August 
2008 issue of The Lancet, the key research question in concentrated epidemics 
is “How to reach vulnerable groups with high coverage of high-quality 
targeted interventions?”.266 This study provides some answers, though leaving 
many questions unanswered. To know more about the spatial distribution of 
HIV-negative IDUs in Finland, about the mobility, characteristics, behaviour 
and networking between different sub-populations of IDUs, as well as to 
obtain more qualitative information about the risky sexual behaviour of IDUs 
would be important. Furthermore, the sexual partners of IDUs as a high-risk 
group for HIV should also be included in studies and interventions.

Moreover, IDUs are only one of the vulnerable groups. Study IV shows 
the growing number of newly acquired HIV infections among MSM, and the 
relatively large number of immigrants among heterosexual transmissions, 
both groups at risk for late diagnosis. At the same time, one in three 
HIV infections among Finnish heterosexual males – excluded from the 
“vulnerable groups” – is diagnosed too late, reflecting the paradox that 
those with no perceived risk are at greater risk for late diagnosis.120 In low-
prevalence countries, it is thus important not only to target high-risk areas 
and populations early with interventions and research, but to expand low-
threshold HIV testing widely outside those settings.
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7. CONCLUSIONS

Shortly after HIV-1 infection, Finnish IDUs infected with I.	
the recombinant subtype CRF01_AEFin had higher viral 
loads than did the Amsterdam IDUs infected with subtype 
B. This higher viral load may have contributed to the rapid 
spread of the outbreak.

The Finnish HIV outbreak was socially restricted to a II.	
marginalised IDU population, and spatially to local pockets of 
poverty. To prevent HIV among IDUs, these pockets should be 
identified and reached early through outreach work and through 
the decentralisation of NEPs and other prevention activities. 

Unprotected sex is common among both HIV-positive and HIV-III.	
negative IDUs, and enables HIV and other sexually transmitted 
infections to spread among Finnish IDUs. Inconsistent condom 
use is common in steady relationships, and is related to recent 
addiction treatment. Since the majority of IDUs receive addic-
tion treatment services, this provides an important opportunity 
to reach IDUs for HIV prevention, which should also focus on 
sexual behaviour. Developing a structure and opportunities for 
testing the partners of IDUs may play an important role in the 
early diagnosis of new HIV transmissions. 

The proportion of late-diagnosed cases varies between the sub-IV.	
epidemics and time-periods, and reflects not only the continu-
ing problem of delayed HIV testing, but also the dynamics of 
sub-epidemics. IDUs are diagnosed as HIV-positive earlier than 
are other transmission groups, but are at greater risk for entering 
care late. The low proportion of late-diagnosed cases and the high 
median CD4 level in the early years of each sub-epidemic suggest 
that sexual epidemics were also detected early, which may have 
contributed to the low prevalence of HIV in Finland. 



74



75

8. ACKNOWLEDGEMENTS

This study was carried out at the Division of Infectious Diseases, Department 
of Medicine at the Helsinki University Central Hospital in collaboration 
with the National Institute for Health and Welfare (former National Public 
Health Institute) in Finland, and the Cluster Infectious Diseases, Health 
Service of Amsterdam, The Netherlands.

I owe my warmest gratitude to Docent Matti Ristola for his guidance 
and support. He has not only designed and initiated this research project, 
but has also been an excellent supervisor in letting me learn by doing while 
always being ready to help and advice further when I did not know how to 
continue.

I wish to express my sincere gratitude to Professor Ville Valtonen, head of 
the Division of Infectious Diseases at the Helsinki University Central Hospital, 
for his encouragement and for his guidance in infectious diseases.

I am extremely grateful to MSc Anneke Krol. Even if not formally my 
second supervisor, she had a crucial hand in this study throughout the 
entire study period. She has thoroughly instructed me step by step in data 
collection, data analysis, and scientific writing. She is a wonderful teacher 
who has also become a good friend. 

I want to thank the former head of the Municipal Health Services of 
Amsterdam, Professor Roel Coutinho, for the fruitful Finland-Netherlands 
collaboration, and statistician Ronald Geskus, PhD, who has provided us 
his expertise in advanced HIV statistics. 

I owe my sincerest thanks to Professor Mari Vaattovaara for the inspiring 
collaboration as well as for the geographical aspects and new views that she 
has brought to this study. My warmest thanks also go to Susan Simola, MSc, 
who was crucial in recognising the clustering of HIV-positive IDUs and who 
collected the data analysed in sub-study III. 

I am deeply grateful to Docent Mika Salminen, the head of the HIV 
laboratory in the former National Public Health Institute. His role has been 
fundamental in the virological sub-study, but his wide knowledge of HIV 
extends far beyond the virological aspects. My warmest thanks go to Airi 
Partanen for the collaboration with the Riski study. The weeks we spent 
analysing and discussing the risk behaviour data together with Anneke were 
intensive, inspiring and fun.

I want to express my gratitude to Docents Outi Lyytikäinen and Esa 
Rintala for their valuable advice and constructive criticism during the review 
of this thesis. 



76

My warmest thanks go to the all co-authors: Jukka Suni, Kirsi Liitsola, 
Henrik Brummer-Korvenkontio, Veli-Jukka Anttila, Veera Zetterberg and 
Pekka Tuomola, who have all brought to this study their expertise and 
experience from various fields. I also want to thank Stephen Stalter for 
reviewing the language of this thesis.

I warmly thank my colleagues at the Infectious Disease clinic: Asko 
Järvinen for organising the puzzle of clinical work and research periods; 
Jussi Sutinen for his constant willingness to help and to offer advice on HIV 
medicine as well as my many research-related questions; Juha, Maarit and 
Inka at Aurora Hospital for sharing the room with me and my papers, and 
all the others.

I also wish to thank all my friends. During this long study period, we 
have spent many relaxing holidays, evenings and weekends together sailing, 
skiing, singing, or just meeting and eating. I also thank my sister Päivi and 
her husband Mika for sharing the nice holidays and weekends in Gerby over 
the years – and for never asking when this thesis will be ready!

I hope I have inherited even a part of my father Harri’s enthusiasm and 
curiosity for medicine, which I trust will help me to become a good clinician. 
I am also grateful to him and Eeva as well as my mother-in-law, Sirkka, for 
taking care of our children those weeks when I worked with this research 
project during the two periods of maternity leave; those “hobby weeks” 
were important to me. 

As much as I have enjoyed this research project and the learning 
experience, the concurrent birth of my dear family – my husband Jankke 
and our children Linn and Alvar – has been the most important thing in 
my life. I want to thank you for your patience during the past six intense 
months of this thesis, and simply for existing.

This work has benefited from the support of grants from Vaasan 
Lääketieteen Säätiö (the Vaasa Medical Foundation), Sukupuolitautien 
Vastustamisyhdistys (the Society Against Sexually Transmitted Diseases), 
and the Finnish Medical Foundation. In addition, the collaboration with 
the Amsterdam Cohort Studies began with travel grants from the Finnish 
Academy.

Helsinki, June 2009

Pia Kivelä



77

9. REFERENCES

1. 	 UNAIDS. Report on the global HIV/AIDS epidemic 2008. Available at: http://
www.unaids.org/en/KnowledgeCentre/HIVData/GlobalReport/2008/2008_
Global_report.asp [Accessed May 22, 2009].  

2. 	 Wiessing L, van de Laar MJ, Donoghoe MC, Guarita B, Klempova D, Griffiths P. 
HIV among injecting drug users in Europe: increasing trends in the East. Euro 
Surveill 2008;13:19067.

3. 	 Baggaley RF, Boily MC, White RG, Alary M. Risk of HIV-1 transmission for 
parenteral exposure and blood transfusion: a systematic review and meta-
analysis. AIDS 2006;20:805-812.

4. 	 Schoenbaum EE, Hartel D, Selwyn PA, Klein RS, Davenny K, Rogers M, Feiner 
C, Friedland G. Risk factors for human immunodeficiency virus infection in 
intravenous drug users. N Engl J Med 1989;321:874-879.

5. 	 European Collaborative Study. The mother-to-child HIV transmission epidemic 
in Europe: evolving in the East and established in the West. AIDS 2006;20:1419-
1427.

6. 	 Salminen MO. UNGASS HIV/AIDS country progress report Finland. 
Publications of the National Public Health Institute; B4/2008. Available at: http://
www.ktl.fi/attachments/suomi/julkaisut/julkaisusarja_b/2008/2008b04.pdf 
[Accessed 27 February 2009].

7. 	 Liitsola K, Ristola M, Holmstrom P, Salminen M, Brummer-Korvenkontio 
H, Simola S, Suni J, Leinikki P. An outbreak of the circulating recombinant 
form AECM240 HIV-1 in the Finnish injection drug user population. AIDS 
2000;14:2613-2615.

8. 	 Centers for Disease Control (CDC). Pneumocystis pneumonia--Los Angeles. 
MMWR Morb Mortal Wkly Rep 1981;30:250-252.

9. 	 Barre-Sinoussi F, Chermann JC, Rey F, Nugeyre MT, Chamaret S, Gruest 
J, Dauguet C, Axler-Blin C, Vezinet-Brun F, Rouzioux C, Rozenbaum W, 
Montagnier L. Isolation of a T-lymphotropic retrovirus from a patient at risk for 
acquired immune deficiency syndrome (AIDS). Science 1983;220:868-871.

10. 	 Weiss SH, Goedert JJ, Sarngadharan MG, Bodner AJ, Gallo RC, Blattner WA. 
Screening test for HTLV-III (AIDS agent) antibodies. Specificity, sensitivity, and 
applications. JAMA 1985;253:221-225.

11. 	 Curran JW, Morgan WM, Hardy AM, Jaffe HW, Darrow WW, Dowdle WR. 
The epidemiology of AIDS: current status and future prospects. Science 
1985;229:1352-1357.

12. 	 Worobey M, Gemmel M, Teuwen DE, Haselkorn T, Kunstman K, Bunce M, 
Muyembe JJ, Kabongo JM, Kalengayi RM, Van Marck E, Gilbert MT, Wolinsky 



78

SM. Direct evidence of extensive diversity of HIV-1 in Kinshasa by 1960. Nature 
2008;455:661-664.

13. 	 WHO and UNAIDS. Guidelines for second generation HIV surveillance. 
Genova; UNAIDS 2000.

14. 	 Centers for Disease Control and Prevention (CDC). Epidemiology of HIV/
AIDS--United States. 1981-2005, MMWR Morb Mortal Wkly Rep 2006;55:589-
592.

15. 	 Hamers FF, Downs AM. The changing face of the HIV epidemic in western 
Europe: what are the implications for public health policies? Lancet 2004;364:83-
94.

16. 	 Kruglov YV, Kobyshcha YV, Salyuk T, Varetska O, Shakarishvili A, Saldanha VP. 
The most severe HIV epidemic in Europe: Ukraine’s national HIV prevalence 
estimates for 2007. Sex Transm Infect 2008;84 Suppl 1:i37-i41.

17. 	 Mathers BM, Degenhardt L, Phillips B, Wiessing L, Hickman M, Strathdee SA, 
Wodak A, Panda S, Tyndall M, Toufik A, Mattick RP, 2007 Reference Group 
to the UN on HIV and Injecting Drug Use. Global epidemiology of injecting 
drug use and HIV among people who inject drugs: a systematic review. Lancet 
2008;372:1733-1745.

18. 	 Borschevskaya V. UNGASS Country Progress Report, 2008. Available at: http://
data.unaids.org/pub/Report/2008/russia_2008_country_progress_report_en.pdf 
[Accessed May 22, 2009].

19. 	 Lu F, Wang N, Wu Z, Sun X, Rehnstrom J, Poundstone K, Yu W, Pisani E. 
Estimating the number of people at risk for and living with HIV in China in 
2005: methods and results. Sex Transm Infect 2006;82 Suppl 3:87-91.

20. 	 Choopanya K, Vanichseni S, Des Jarlais DC, Plangsringarm K, Sonchai W, 
Carballo M, Friedmann P, Friedman SR. Risk factors and HIV seropositivity 
among injecting drug users in Bangkok. AIDS 1991;5:1509-1513.

21. 	 Rhodes T, Lowndes C, Judd A, Mikhailova LA, Sarang A, Rylkov A, Tichonov 
M, Lewis K, Ulyanova N, Alpatova T, Karavashkin V, Khutorskoy M, Hickman 
M, Parry JV, Renton A. Explosive spread and high prevalence of HIV infection 
among injecting drug users in Togliatti City, Russia. AIDS 2002;16:F25-31.

22. 	 Platt L, Bobrova N, Rhodes T, Uuskula A, Parry JV, Ruutel K, Talu A, Abel K, 
Rajaleid K, Judd A. High HIV prevalence among injecting drug users in Estonia: 
implications for understanding the risk environment. AIDS 2006;20:2120-2123.

23. 	 Uuskula A, McNutt LA, Dehovitz J, Fischer K, Heimer R. High prevalence of 
blood-borne virus infections and high-risk behaviour among injecting drug 
users in Tallinn, Estonia. Int J STD AIDS 2007;18:41-46.

24. 	 Strathdee SA, Patrick DM, Currie SL, Cornelisse PG, Rekart ML, Montaner JS, 
Schechter MT, O’Shaughnessy MV. Needle exchange is not enough: lessons from 
the Vancouver injecting drug use study. AIDS 1997;11:F59-65.

25. 	 Greenberg AE, Tappero J, Choopanya K, van Griensven F, Martin M, Vanichseni 
S, Santibanez S, Molotilov V, Hader S, Broyles LN. CDC international HIV 
prevention research activities among injection drug users in Thailand and 
Russia. J Urban Health 2005;82:iv24-33.



79

26. 	 Lu L, Jia M, Ma Y, Yang L, Chen Z, Ho DD, Jiang Y, Zhang L. The changing face 
of HIV in China. Nature 2008;455:609-611.

27. 	 Gao F, Bailes E, Robertson DL, Chen Y, Rodenburg CM, Michael SF, Cummins 
LB, Arthur LO, Peeters M, Shaw GM, Sharp PM, Hahn BH. Origin of HIV-1 in 
the chimpanzee Pan troglodytes troglodytes. Nature 1999;397:436-441.

28. 	 Sharp PM, Bailes E, Chaudhuri RR, Rodenburg CM, Santiago MO, Hahn BH. 
The origins of acquired immune deficiency syndrome viruses: where and when? 
Philos Trans R Soc Lond B Biol Sci 2001;356:867-876.

29. 	 Nerrienet E, Santiago ML, Foupouapouognigni Y, Bailes E, Mundy NI, Njinku 
B, Kfutwah A, Muller-Trutwin MC, Barre-Sinoussi F, Shaw GM, Sharp PM, 
Hahn BH, Ayouba A. Simian immunodeficiency virus infection in wild-caught 
chimpanzees from Cameroon. J Virol 2005;79:1312-1319.

30. 	 McCutchan FE. Global epidemiology of HIV. J Med Virol 2006;78 Suppl 1:S7-
S12.

31. 	 Robertson DL, Anderson JP, Bradac JA, Carr JK, Foley B, Funkhouser RK, Gao 
F, Hahn BH, Kalish ML, Kuiken C, Learn GH, Leitner T, McCutchan F, Osmanov 
S, Peeters M, Pieniazek D, Salminen M, Sharp PM, Wolinsky S, Korber B. HIV-1 
nomenclature proposal. Science 2000;288:55-56.

32. 	 Hu DJ, Dondero TJ, Rayfield MA, George JR, Schochetman G, Jaffe HW, Luo 
CC, Kalish ML, Weniger BG, Pau CP, Schable CA, Curran JW. The emerging 
genetic diversity of HIV. The importance of global surveillance for diagnostics, 
research, and prevention. JAMA 1996;275:210-216.

33. 	 Liitsola K. Genetic typing to study HIV epidemiology. Academic dissertation. 
Helsinki: National Public Health Institute and Department of Biosciences, 
University of Helsinki; 2000.

34. 	 Verhoef K, Sanders RW, Fontaine V, Kitajima S, Berkhout B. Evolution of 
the human immunodeficiency virus type 1 long terminal repeat promoter by 
conversion of an NF-kappaB enhancer element into a GABP binding site. J Virol 
1999;73:1331-1340.

35. 	 Jeeninga RE, Hoogenkamp M, Armand-Ugon M, de Baar M, Verhoef 
K, Berkhout B. Functional differences between the long terminal repeat 
transcriptional promoters of human immunodeficiency virus type 1 subtypes A 
through G. J Virol 2000;74:3740-3751.

36. 	 Arien KK, Abraha A, Quinones-Mateu ME, Kestens L, Vanham G, Arts EJ. The 
replicative fitness of primary human immunodeficiency virus type 1 (HIV-1) 
group M, HIV-1 group O, and HIV-2 isolates. J Virol 2005;79:8979-8990.

37. 	 Marozsan AJ, Moore DM, Lobritz MA, Fraundorf E, Abraha A, Reeves JD, Arts 
EJ. Differences in the fitness of two diverse wild-type human immunodeficiency 
virus type 1 isolates are related to the efficiency of cell binding and entry. J Virol 
2005;79:7121-7134.

38. 	 Njai HF, Gali Y, Vanham G, Clybergh C, Jennes W, Vidal N, Butel C, Mpoudi-
Ngolle E, Peeters M, Arien KK. The predominance of Human Immunodeficiency 
Virus type 1 (HIV-1) circulating recombinant form 02 (CRF02_AG) in West 
Central Africa may be related to its replicative fitness. Retrovirology 2006;3:40.



80

39. 	 Kaleebu P, Nankya IL, Yirrell DL, Shafer LA, Kyosiimire-Lugemwa J, Lule DB, 
Morgan D, Beddows S, Weber J, Whitworth JA. Relation between chemokine 
receptor use, disease stage, and HIV-1 subtypes A and D: results from a rural 
Ugandan cohort. J Acquir Immune Defic Syndr 2007;45:28-33.

40. 	 Galai N, Kalinkovich A, Burstein R, Vlahov D, Bentwich Z. African HIV-1 
subtype C and rate of progression among Ethiopian immigrants in Israel. Lancet 
1997;349:180-181.

41. 	 Del Amo J, Petruckevitch A, Phillips A, Johnson AM, Stephenson J, Desmond 
N, Hanscheid T, Low N, Newell A, Obasi A, Paine K, Pym A, Theodore CM, 
De Cock KM. Disease progression and survival in HIV-1-infected Africans in 
London. AIDS 1998;12:1203-1209.

42. 	 Neilson JR, John GC, Carr JK, Lewis P, Kreiss JK, Jackson S, Nduati RW, Mbori-
Ngacha D, Panteleeff DD, Bodrug S, Giachetti C, Bott MA, Richardson BA, 
Bwayo J, Ndinya-Achola J, Overbaugh J. Subtypes of human immunodeficiency 
virus type 1 and disease stage among women in Nairobi, Kenya, J Virol 
1999;73:4393-4403.

43. 	 Alaeus A, Lidman K, Bjorkman A, Giesecke J, Albert J. Similar rate of disease 
progression among individuals infected with HIV-1 genetic subtypes A-D. AIDS 
1999;13:901-907.

44. 	 Laurent C, Bourgeois A, Faye MA, Mougnutou R, Seydi M, Gueye M, Liegeois 
F, Kane CT, Butel C, Mbuagbaw J, Zekeng L, Mboup S, Mpoudi-Ngole E, Peeters 
M, Delaporte E. No difference in clinical progression between patients infected 
with the predominant human immunodeficiency virus type 1 circulating 
recombinant form (CRF) 02_AG strain and patients not infected with CRF02_
AG, in Western and West-Central Africa: a four-year prospective multicenter 
study. J Infect Dis 2002;186:486-492.

45. 	 Kaleebu P, French N, Mahe C, Yirrell D, Watera C, Lyagoba F, Nakiyingi J, 
Rutebemberwa A, Morgan D, Weber J, Gilks C, Whitworth J. Effect of human 
immunodeficiency virus (HIV) type 1 envelope subtypes A and D on disease 
progression in a large cohort of HIV-1-positive persons in Uganda. J Infect Dis 
2002;185:1244-1250.

46. 	 Fischetti L, Opare-Sem O, Candotti D, Lee H, Allain JP. Higher viral load may 
explain the dominance of CRF02_AG in the molecular epidemiology of HIV in 
Ghana. AIDS 2004;18:1208-1210.

47. 	 Vasan A, Renjifo B, Hertzmark E, Chaplin B, Msamanga G, Essex M, Fawzi 
W, Hunter D. Different rates of disease progression of HIV type 1 infection in 
Tanzania based on infecting subtype. Clin Infect Dis 2006;42:843-852.

48. 	 de Brito A, Komninakis SC, Novoa P, de Oliveira RM, Fonseca LA, Duarte 
AJ, Casseb J. Women infected with HIV type 1 Brazilian variant, subtype B 
(B’-GWGR motif) have slower progression to AIDS, compared with patients 
infected with subtype B (B-GPGR motif). Clin Infect Dis 2006;43:1476-1481.

49. 	 Kanki PJ, Hamel DJ, Sankale JL, Hsieh C, Thior I, Barin F, Woodcock SA, Gueye-
Ndiaye A, Zhang E, Montano M, Siby T, Marlink R, NDoye I, Essex ME, MBoup 



81

S. Human immunodeficiency virus type 1 subtypes differ in disease progression. 
J Infect Dis 1999;179:68-73.

50. 	 Morgan D, Kaleebu P, Whitworth J, Yirrell D, Rutebemberwa A, Shier R, Sebabi 
B, Gilmour J, Eotu H, Omoding N, Gotch F. The stability between two HIV-1 
RNA measurements one year apart and the relationship with HIV subtype in 
rural Uganda. Int J STD AIDS 2001;12:116-121.

51. 	 Kaleebu P, Ross A, Morgan D, Yirrell D, Oram J, Rutebemberwa A, Lyagoba 
F, Hamilton L, Biryahwaho B, Whitworth J. Relationship between HIV-1 Env 
subtypes A and D and disease progression in a rural Ugandan cohort. AIDS 
2001;15:293-299.

52. 	 Hu DJ, Vanichseni S, Mastro TD, Raktham S, Young NL, Mock PA, Subbarao S, 
Parekh BS, Srisuwanvilai L, Sutthent R, Wasi C, Heneine W, Choopanya K. Viral 
load differences in early infection with two HIV-1 subtypes. AIDS 2001;15:683-
691.

53. 	 Rinke de Wit TF, Tsegaye A, Wolday D, Hailu B, Aklilu M, Sanders E, Hagos M, 
Kliphuis A, Pollakis G, Krol A, Geskus R, Miedema F, Goudsmit J, Coutinho R, 
Fontanet AL. Primary HIV-1 subtype C infection in Ethiopia. J Acquir Immune 
Defic Syndr 2002;30:463-470.

54. 	 Sarr AD, Eisen G, Gueye-Ndiaye A, Mullins C, Traore I, Dia MC, Sankale 
JL, Faye D, Mboup S, Kanki P. Viral dynamics of primary HIV-1 infection in 
Senegal, West Africa. J Infect Dis 2005;191:1460-1467.

55. 	 Alaeus A, Lidman K, Sonnerborg A, Albert J. Subtype-specific problems with 
quantification of plasma HIV-1 RNA. AIDS 1997;11:859-865.

56. 	 Geretti AM. HIV-1 subtypes: epidemiology and significance for HIV 
management. Curr Opin Infect Dis 2006;19:1-7.

57. 	 De Wit S, Boulme R, Poll B, Schmit JC, Clumeck N. Viral load and CD4 cell 
response to protease inhibitor-containing regimens in subtype B versus non-B 
treatment-naive HIV-1 patients. AIDS 2004;18:2330-2331.

58. 	 Bocket L, Cheret A, Deuffic-Burban S, Choisy P, Gerard Y, de la Tribonniere 
X, Viget N, Ajana F, Goffard A, Barin F, Mouton Y, Yazdanpanah Y. Impact 
of human immunodeficiency virus type 1 subtype on first-line antiretroviral 
therapy effectiveness. Antivir Ther 2005;10:247-254.

59. 	 Bannister WP, Ruiz L, Loveday C, Vella S, Zilmer K, Kjaer J, Knysz B, Phillips 
AN, Mocroft A, EuroSIDA Study Group. HIV-1 subtypes and response to 
combination antiretroviral therapy in Europe. Antivir Ther 2006;11:707-715.

60. 	 de Arellano ER, Benito JM, Soriano V, Lopez M, Holguin A. Impact of ethnicity 
and HIV type 1 subtype on response to first-line antiretroviral therapy. AIDS Res 
Hum Retroviruses 2007;23:891-894.

61. 	 Gaschen B, Taylor J, Yusim K, Foley B, Gao F, Lang D, Novitsky V, Haynes B, 
Hahn BH, Bhattacharya T, Korber B. Diversity considerations in HIV-1 vaccine 
selection. Science 2002;296:2354-2360.

62. 	 Gurtler L. Difficulties and strategies of HIV diagnosis. Lancet 1996;348:176-179.



82

63. 	 Busch MP, Satten GA. Time course of viremia and antibody seroconversion 
following human immunodeficiency virus exposure. Am J Med 1997;102:117-24; 
discussion 125-6.

64. 	 Weber B, Berger A, Rabenau H, Doerr HW. Evaluation of a new combined 
antigen and antibody human immunodeficiency virus screening assay, VIDAS 
HIV DUO Ultra. J Clin Microbiol 2002;40:1420-1426.

65. 	 Ancelle-Park R. Expanded European AIDS case definition. Lancet 1993;341:441.
66. 	 1993 revised classification system for HIV infection and expanded surveillance 

case definition for AIDS among adolescents and adults. MMWR Recomm Rep 
1992;41:1-19.

67. 	 Devaux I, Alix J, Likatavicius G, Herida M, Nielsen SS, Hamers FF, Nardone 
A. Human immunodeficiency virus (HIV) and acquired immunodeficiency 
syndrome (AIDS) case reporting in the World Health Organization European 
Region in 2006. Euro Surveill 2008;13:18988.

68. 	 WHO Regional Office for Africa. HIV/AIDS Epidemiological Surveillance 
Report for the WHO African Region 2005 Update. Available at: http://www.who.
int/hiv/pub/epidemiology/afroreport/en/index.html [accessed May 1, 2008].

69. 	 Girardi E, Sabin CA, Monforte AD. Late diagnosis of HIV infection: 
epidemiological features, consequences and strategies to encourage earlier 
testing. J Acquir Immune Defic Syndr 2007;46 Suppl 1:S3-8.

70. 	 Mellors JW, Munoz A, Giorgi JV, Margolick JB, Tassoni CJ, Gupta P, Kingsley 
LA, Todd JA, Saah AJ, Detels R, Phair JP, Rinaldo CR,Jr. Plasma viral load and 
CD4+ lymphocytes as prognostic markers of HIV-1 infection. Ann Intern Med 
1997;126:946-954.

71. 	 Murphy G, Parry JV. Assays for the detection of recent infections with human 
immunodeficiency virus type 1. Euro Surveill 2008;13:314-320.

72. 	 Batzing-Feigenbaum J, Loschen S, Gohlke-Micknis S, Zimmermann R, 
Herrmann A, Kamga Wambo O, Kucherer C, Hamouda O. Country-wide HIV 
incidence study complementing HIV surveillance in Germany. Euro Surveill 
2008;13:339-342.

73. 	 Semaille C, Cazein F, Pillonel J, Lot F, Le Vu S, Pinget R, Desenclos J, Barin F. 
Four years of surveillance of recent HIV infections at country level, France, mid 
2003 - 2006: experience and perspectives. Euro Surveill 2008;13:327-332.

74. 	 Le Vu S, Pillonel J, Semaille C, Bernillon P, Le Strat Y, Meyer L, Desenclos JC. 
Principles and uses of HIV incidence estimation from recent infection testing--a 
review. Euro Surveill 2008;13:321-326.

75. 	 Chadborn TR, Baster K, Delpech VC, Sabin CA, Sinka K, Rice BD, Evans BG. 
No time to wait: how many HIV-infected homosexual men are diagnosed late 
and consequently die? (England and Wales, 1993-2002). AIDS 2005;19:513-520.

76. 	 Krentz HB, Auld MC, Gill MJ. The high cost of medical care for patients who 
present late (CD4 <200 cells/microL) with HIV infection. HIV Med 2004;5:93-
98.

77. 	 Krentz HB, Gill MJ. Cost of medical care for HIV-infected patients within a 
regional population from 1997 to 2006. HIV Med 2008;9:721-730.



83

78. 	 Yazdanpanah Y, Goldie SJ, Losina E, Weinstein MC, Lebrun T, Paltiel AD, 
Seage GR,3rd, Leblanc G, Ajana F, Kimmel AD, Zhang H, Salamon R, Mouton 
Y, Freedberg KA. Lifetime cost of HIV care in France during the era of highly 
active antiretroviral therapy. Antivir Ther 2002;7:257-266.

79.	 Lanoy E, Mary-Krause M, Tattevin P, Perbost I, Poizot-Martin I, Dupont 
C, Costagliola D, ANRS C004 French Hospital Database on HIV Clinical 
Epidemiological Group. Frequency, determinants and consequences of delayed 
access to care for HIV infection in France. Antivir Ther 2007;12:89-96.

80. 	 Marks G, Crepaz N, Janssen RS. Estimating sexual transmission of HIV from 
persons aware and unaware that they are infected with the virus in the USA. 
AIDS 2006;20:1447-1450.

81. 	 Rapatski BL, Suppe F, Yorke JA. HIV epidemics driven by late disease stage 
transmission. J Acquir Immune Defic Syndr 2005;38:241-253.

82. 	 Sanders GD, Bayoumi AM, Sundaram V, Bilir SP, Neukermans CP, Rydzak CE, 
Douglass LR, Lazzeroni LC, Holodniy M, Owens DK. Cost-effectiveness of 
screening for HIV in the era of highly active antiretroviral therapy. N Engl J Med 
2005;352:570-585.

83. 	 Guy RJ, McDonald AM, Bartlett MJ, Murray JC, Giele CM, Davey TM, 
Appuhamy RD, Knibbs P, Coleman D, Hellard ME, Grulich AE, Kaldor JM. 
Characteristics of HIV diagnoses in Australia, 1993-2006. Sex Health 2008;5:91-
96.

84. 	 McDonald EA, Currie MJ, Bowden FJ. Delayed diagnosis of HIV: missed 
opportunities and triggers for testing in the Australian Capital Territory. Sex 
Health 2006;3:291-295.

85. 	 Begovac J, Gedike K, Lukas D, Lepej SZ. Late presentation to care for HIV 
infection in Croatia and the effect of interventions during the Croatian Global 
Fund Project. AIDS Behav 2008;12:S48-53.

86. 	 Plitt SS, Mihalicz D, Singh AE, Jayaraman G, Houston S, Lee BE. Time to Testing 
and Accessing Care among a Population of Newly Diagnosed Patients with HIV 
with a High Proportion of Canadian Aboriginals 1998-2003. AIDS Patient Care 
STDS 2009.

87. 	 Delpierre C, Lauwers-Cances V, Pugliese P, Poizot-Martin I, Billaud E, Duvivier 
C, Yazdanpanah Y, Cuzin L, NADIS Group. Characteristics trends, mortality and 
morbidity in persons newly diagnosed HIV positive during the last decade: the 
profile of new HIV diagnosed people. Eur J Public Health 2008;18:345-347.

88. 	 Delpierre C, Dray-Spira R, Cuzin L, Marchou B, Massip P, Lang T, Lert F, the 
VESPA Study Group. Correlates of late HIV diagnosis: implications for testing 
policy. Int J STD AIDS 2007;18:312-317.

89. 	 Lohse N, Hansen AB, Jensen-Fangel S, Kronborg G, Kvinesdal B, Pedersen C, 
Larsen CS, Moller A, Willumsen L, Obel N. Demographics of HIV-1 infection 
in Denmark: results from the Danish HIV Cohort Study. Scand J Infect Dis 
2005;37:338-343.



84

90. 	 Borghi V, Girardi E, Bellelli S, Angeletti C, Mussini C, Porter K, Esposito R. Late 
presenters in an HIV surveillance system in Italy during the period 1992-2006. J 
Acquir Immune Defic Syndr 2008;49:282-286.

91. 	 Girardi E, Aloisi MS, Arici C, Pezzotti P, Serraino D, Balzano R, Vigevani G, 
Alberici F, Ursitti M, D’Alessandro M, d’Arminio Monforte A, Ippolito G, for the 
ICoNA Behavioural Epidemiology Study Group. Delayed presentation and late 
testing for HIV: demographic and behavioral risk factors in a multicenter study 
in Italy, J Acquir Immune Defic Syndr 2004;36:951-959.

92. 	 Sobrino-Vegas P, Garcia-San Miguel L, Caro-Murillo AM, Miro JM, Viciana 
P, Tural C, Saumoy M, Santos I, Sola J, del Amo J, Moreno S, CoRIS. Delayed 
diagnosis of HIV infection in a multicenter cohort: prevalence, risk factors, 
response to HAART and impact on mortality. Curr HIV Res 2009;7:224-230.

93. 	 Castilla J, Lorenzo JM, Izquierdo A, Lezaun ME, Lopez I, Moreno-Iribas C, 
Nunez D, Perucha M, R’kaina Liesfi C, Zulaika D. Characteristics and trends of 
newly diagnosed HIV-infections. 2000-2004, Gac Sanit 2006;20:442-448.

94. 	 Santos J, Palacios R, Gutierrez M, Grana M, de la Torre J, Salgado F, Nuno E, 
Marquez M, Grupo Malagueno para el estudio de Enfermedades Infecciones. 
HIV infection in the era of highly active antiretroviral therapy: the Malaga Study. 
Int J STD AIDS 2004;15:594-596.

95. 	 Wolbers M, Bucher HC, Furrer H, Rickenbach M, Cavassini M, Weber R, 
Schmid P, Bernasconi E, Hirschel B, Battegay M, Swiss HIV Cohort Study. 
Delayed diagnosis of HIV infection and late initiation of antiretroviral therapy in 
the Swiss HIV Cohort Study. HIV Med 2008;9:397-405.

96. 	 Lampe FC, Smith CJ, Madge S, Kinloch-de Loes S, Tyrer M, Sabin CA, Chaloner 
C, Youle M, Johnson MA, Phillips AN. Success of clinical care for human 
immunodeficiency virus infection according to demographic group among 
sexually infected patients in a routine clinic population, 1999 to 2004. Arch 
Intern Med 2007;167:692-700.

97. 	 Chadborn TR, Delpech VC, Sabin CA, Sinka K, Evans BG. The late diagnosis 
and consequent short-term mortality of HIV-infected heterosexuals (England 
and Wales, 2000-2004). AIDS 2006;20:2371-2379.

98. 	 Sullivan AK, Curtis H, Sabin CA, Johnson MA. Newly diagnosed HIV 
infections: review in UK and Ireland. BMJ 2005;330:1301-1302.

99. 	 Sabin CA, Smith CJ, Gumley H, Murphy G, Lampe FC, Phillips AN, Prinz B, 
Youle M, Johnson MA. Late presenters in the era of highly active antiretroviral 
therapy: uptake of and responses to antiretroviral therapy. AIDS 2004;18:2145-
2151.

100. 	 Gupta SB, Gilbert RL, Brady AR, Livingstone SJ, Evans BG. CD4 cell counts in 
adults with newly diagnosed HIV infection: results of surveillance in England 
and Wales, 1990-1998. CD4 Surveillance Scheme Advisory Group. AIDS 
2000;14:853-861.

101. Easterbrook PJ, Yu LM, Goetghebeur E, Boag F, McLean K, Gazzard B. Ten-year 
trends in CD4 cell counts at HIV and AIDS diagnosis in a London HIV clinic. 
AIDS 2000;14:561-571.



85

102. 	 Keruly JC, Moore RD. Immune status at presentation to care did not improve 
among antiretroviral-naive persons from 1990 to 2006. Clin Infect Dis 
2007;45:1369-1374.

103. 	 Krawczyk CS, Funkhouser E, Kilby JM, Kaslow RA, Bey AK, Vermund SH. 
Factors associated with delayed initiation of HIV medical care among infected 
persons attending a southern HIV/AIDS clinic. South Med J 2006;99:472-481.

104. 	 Centers for Disease Control and Prevention (CDC). Missed opportunities for 
earlier diagnosis of HIV infection--South Carolina, 1997-2005. MMWR Morb 
Mortal Wkly Rep 2006;55:1269-1272.

105. 	 Grigoryan A, Hall HI, Durant T, Wei X. Late HIV diagnosis and determinants of 
progression to AIDS or death after HIV diagnosis among injection drug users, 
33 US States, 1996-2004. PLoS ONE 2009;4:e4445.

106. 	 Mugavero MJ, Castellano C, Edelman D, Hicks C. Late diagnosis of HIV 
infection: the role of age and sex. Am J Med 2007;120:370-373.

107. 	 Lyons MS, Lindsell CJ, R NDA, Rn DL, Trott AT, Fichtenbaum CJ. Contributions 
to early HIV diagnosis among patients linked to care vary by testing venue. BMC 
Public Health 2008;8:220.

108. 	 Gandhi NR, Skanderson M, Gordon KS, Concato J, Justice AC. Delayed 
presentation for human immunodeficiency virus (HIV) care among veterans: a 
problem of access or screening? Med Care 2007;45:1105-1109.

109. 	 Dybul M, Bolan R, Condoluci D, Cox-Iyamu R, Redfield R, Hallahan CW, Folino 
M, Sathasivam K, Weisberg M, Andrews M, Hidalgo B, Vasquez J, Fauci AS. 
Evaluation of initial CD4+ T cell counts in individuals with newly diagnosed 
human immunodeficiency virus infection, by sex and race, in urban settings. J 
Infect Dis 2002;185:1818-1821.

110. 	 Klein D, Hurley LB, Merrill D, Quesenberry CP,Jr, Consortium for HIV/AIDS 
Interregional Research. Review of medical encounters in the 5 years before a 
diagnosis of HIV-1 infection: implications for early detection. J Acquir Immune 
Defic Syndr 2003;32:143-152.

111. 	 Samet JH, Freedberg KA, Savetsky JB, Sullivan LM, Stein MD. Understanding 
delay to medical care for HIV infection: the long-term non-presenter. AIDS 
2001;15:77-85.

112. 	 Samet JH, Retondo MJ, Freedberg KA, Stein MD, Heeren T, Libman H. Factors 
associated with initiation of primary medical care for HIV-infected persons. Am 
J Med 1994;97:347-353.

113. 	 McDonald AM, Li Y, Dore GJ, Ree H, Kaldor JM. Late HIV presentation among 
AIDS cases in Australia, 1992-2001. Aust N Z J Public Health 2003;27:608-613.

114. 	 Castelnuovo B, Chiesa E, Rusconi S, Adorni F, Bongiovanni M, Melzi S, Cicconi 
P, Tordato F, Meroni L, Bini T, d’Arminio Monforte A. Declining incidence of 
AIDS and increasing prevalence of AIDS presenters among AIDS patients in 
Italy. Eur J Clin Microbiol Infect Dis 2003;22:663-669.

115. 	 Brannstrom J, Akerlund B, Arneborn M, Blaxhult A, Giesecke J. Patients 
unaware of their HIV infection until AIDS diagnosis in Sweden 1996-2002--a 



86

remaining problem in the highly active antiretroviral therapy era. Int J STD 
AIDS 2005;16:702-706.

116. 	 Adler A, Mounier-Jack S, Coker RJ. Late diagnosis of HIV in Europe: definitional 
and public health challenges. AIDS Care 2008:1-10.

117. 	 Bonjour MA, Montagne M, Zambrano M, Molina G, Lippuner C, Wadskier FG, 
Castrillo M, Incani RN, Tami A. Determinants of late disease-stage presentation 
at diagnosis of HIV infection in Venezuela: a case-case comparison. AIDS Res 
Ther 2008;5:6.

118. 	 Sa MS, Sampaio J, Haguihara T, Ventin FO, Brites C. Clinical and laboratory 
profile of HIV-positive patients at the moment of diagnosis in Bahia, Brazil. Braz 
J Infect Dis 2007;11:395-398.

119. 	 Thanawuth N, Chongsuvivatwong V. Late HIV diagnosis and delay in CD4 count 
measurement among HIV-infected patients in Southern Thailand. AIDS Care 
2008;20:43-50.

120. 	 Delpierre C, Lauwers-Cances V, Pugliese P, Poizot-Martin I, Billaud E, Duvivier 
C, Yazdanpanah Y, Cuzin L, NADIS Group. Characteristics trends, mortality and 
morbidity in persons newly diagnosed HIV positive during the last decade: the 
profile of new HIV diagnosed people. Eur J Public Health 2008;18:345-347.

121. 	 Castilla J, Sobrino P, De La Fuente L, Noguer I, Guerra L, Parras F. Late diagnosis 
of HIV infection in the era of highly active antiretroviral therapy: consequences 
for AIDS incidence. AIDS 2002;16:1945-1951.

122. 	 Longo B, Pezzotti P, Boros S, Urciuoli R, Rezza G. Increasing proportion of late 
testers among AIDS cases in Italy, 1996-2002. AIDS Care 2005;17:834-841.

123. 	 Guenter CD, Gill MJ. A population with short delay from diagnosis of human 
immunodeficiency virus to medical care. Arch Intern Med 1999;159:758-759.

124. 	 Branson BM, Handsfield HH, Lampe MA, Janssen RS, Taylor AW, Lyss 
SB, Clark JE, Centers for Disease Control and Prevention (CDC). Revised 
recommendations for HIV testing of adults, adolescents, and pregnant women in 
health-care settings. MMWR Recomm Rep 2006;55:1-17;CE1-4.

125.	 British HIV Association (BHIVA). UK National Guidelines for HIV Testing 
2008. British HIV Association, British Association for Sexual Health and HIV 
British Infection Society. UK National Guidelines for HIV Testing 2008, http://
www.bashh.org/documents/1838  [Accessed 2 October 2008].

126. 	 National Infectious Disease Register. National Institute for Health and Welfare, 
Finland. Available at: http://www3.ktl.fi/ [Accessed 21 May, 2009].

127. 	 Wasi C, Herring B, Raktham S, Vanichseni S, Mastro TD, Young NL, Rubsamen-
Waigmann H, von Briesen H, Kalish ML, Luo CC. Determination of HIV-1 
subtypes in injecting drug users in Bangkok, Thailand, using peptide-binding 
enzyme immunoassay and heteroduplex mobility assay: evidence of increasing 
infection with HIV-1 subtype E. AIDS 1995;9:843-849.

128. 	 Brummer-Korvenkontio H, Holmström P, Arpo L, Ovaska A, Liitsola K, 
Leinikki P, Salminen M. Rapid HIV-testing in prisons and needle exchange 
centres in Finland. Abstract. XV International AIDS Conference, Bangkok, 
Thailand, July 2004. Abstracts 2/2:6018-6018.



87

129. 	 Brummer-Korvenkontio H, Hakkarainen P, Kuussaari K, Liitsola K, Metso 
L, Salminen M, Rönkä S. Recent developments in the Finnish drug situation. 
Abstract. EMCDDA conference. Identifying Europe’s information needs for 
effective drug policy. Lisbon, 6-8 May 2009.

130. 	 Des Jarlais DC, Friedman SR. HIV infection among intravenous drug users: 
epidemiology and risk reduction. AIDS 1987;1:67-76.

131. 	 Chitwood DD, Griffin DK, Comerford M, Page JB, Trapido EJ, Lai S, McCoy CB. 
Risk factors for HIV-1 seroconversion among injection drug users: a case-
control study. Am J Public Health 1995;85:1538-1542.

132. 	 Koester S, Booth R, Weibel W. The risk of HIV transmission from sharing water, 
drug-mixing containers and cotton 
filters among intravenous drug users. Int J Drug Policy 1990:28-30.

133. 	 Razak MH, Jittiwutikarn J, Suriyanon V, Vongchak T, Srirak N, Beyrer C, 
Kawichai S, Tovanabutra S, Rungruengthanakit K, Sawanpanyalert P, Celentano 
DD. HIV prevalence and risks among injection and noninjection drug users in 
northern Thailand: need for comprehensive HIV prevention programs. J Acquir 
Immune Defic Syndr 2003;33:259-266.

134. 	 Rhodes T, Lowndes C, Judd A, Mikhailova LA, Sarang A, Rylkov A, Tichonov 
M, Lewis K, Ulyanova N, Alpatova T, Karavashkin V, Khutorskoy M, Hickman 
M, Parry JV, Renton A. Explosive spread and high prevalence of HIV infection 
among injecting drug users in Togliatti City, Russia. AIDS 2002;16:F25-31.

135. 	 Battjes RJ, Pickens RW, Haverkos HW, Sloboda Z. HIV risk factors among 
injecting drug users in five US cities. AIDS 1994;8:681-687.

136. 	 Marmor M, Des Jarlais DC, Cohen H, Friedman SR, Beatrice ST, Dubin N, 
el-Sadr W, Mildvan D, Yancovitz S, Mathur U. Risk factors for infection with 
human immunodeficiency virus among intravenous drug abusers in New York 
City. AIDS 1987;1:39-44.

137. 	 Buavirat A, Page-Shafer K, van Griensven GJ, Mandel JS, Evans J, 
Chuaratanaphong J, Chiamwongpat S, Sacks R, Moss A. Risk of prevalent HIV 
infection associated with incarceration among injecting drug users in Bangkok, 
Thailand: case-control study. BMJ 2003;326:308.

138. 	 Zamani S, Kihara M, Gouya MM, Vazirian M, Nassirimanesh B, Ono-Kihara M, 
Ravari SM, Safaie A, Ichikawa S. High prevalence of HIV infection associated 
with incarceration among community-based injecting drug users in Tehran, 
Iran. J Acquir Immune Defic Syndr 2006;42:342-346.

139. 	 Booth RE. Predictors of unsafe needle practices: injection drug users in Denver. J 
Acquir Immune Defic Syndr 1994;7:504-508.

140. 	 Strathdee SA, Patrick DM, Archibald CP, Ofner M, Cornelisse PG, Rekart M, 
Schechter MT, O’Shaughnessy MV. Social determinants predict needle-sharing 
behaviour among injection drug users in Vancouver, Canada. Addiction 
1997;92:1339-1347.

141. 	 Kozlov AP, Shaboltas AV, Toussova OV, Verevochkin SV, Masse BR, Perdue T, 
Beauchamp G, Sheldon W, Miller WC, Heimer R, Ryder RW, Hoffman IF. HIV 



88

incidence and factors associated with HIV acquisition among injection drug 
users in St Petersburg, Russia. AIDS 2006;20:901-906.

142. 	 Donoghoe MC, Dolan KA, Stimson GV. Life-style factors and social 
circumstances of syringe sharing in injecting drug users. Br J Addict 
1992;87:993-1003.

143. 	 Mandell W, Vlahov D, Latkin C, Oziemkowska M, Cohn S. Correlates of needle 
sharing among injection drug users. Am J Public Health 1994;84:920-923.

144. 	 Bailey SL, Ouellet LJ, Mackesy-Amiti ME, Golub ET, Hagan H, Hudson 
SM, Latka MH, Gao W, Garfein RS, DUIT Study Team. Perceived risk, peer 
influences, and injection partner type predict receptive syringe sharing among 
young adult injection drug users in five U.S. cities. Drug Alcohol Depend 
2007;91 Suppl 1:S18-29.

145. 	 Thiede H, Hagan H, Campbell JV, Strathdee SA, Bailey SL, Hudson SM, Kapadia 
F, Garfein RS, DUIT Study Team. Prevalence and correlates of indirect sharing 
practices among young adult injection drug users in five U.S. cities. Drug 
Alcohol Depend 2007;91 Suppl 1:S39-47.

146. 	 De P, Cox J, Boivin JF, Platt RW, Jolly AM. The importance of social networks 
in their association to drug equipment sharing among injection drug users: a 
review. Addiction 2007;102:1730-1739.

147. 	 van Ameijden EJ, Coutinho RA. Maximum impact of HIV prevention measures 
targeted at injecting drug users. AIDS 1998;12:625-633.

148. 	 Latkin CA, Buchanan AS, Metsch LR, Knight K, Latka MH, Mizuno Y, Knowlton 
AR, Intervention for Seropositive Injectors--Research Evaluation Team. 
Predictors of sharing injection equipment by HIV-seropositive injection drug 
users. J Acquir Immune Defic Syndr 2008;49:447-450.

149. 	 Metsch LR, Pereyra M, Purcell DW, Latkin CA, Malow R, Gomez CA, Latka 
MH, for the INSPIRE Study Team. Correlates of lending needles/syringes among 
HIV-seropositive injection drug users. J Acquir Immune Defic Syndr 2007;46 
Suppl 2:S72-9.

150. 	 Watters JK, Estilo MJ, Clark GL, Lorvick J. Syringe and needle exchange as HIV/
AIDS prevention for injection drug users. JAMA 1994;271:115-120.

151. 	 Strathdee SA, Sherman SG. The role of sexual transmission of HIV infection 
among injection and non-injection drug users. J Urban Health 2003;80:7-14.

152. 	 Lindenburg CE, Krol A, Smit C, Buster MC, Coutinho RA, Prins M. Decline in 
HIV incidence and injecting, but not in sexual risk behaviour, seen in drug users 
in Amsterdam: a 19-year prospective cohort study. AIDS 2006;20:1771-1775.

153. 	 Kral AH, Bluthenthal RN, Lorvick J, Gee L, Bacchetti P, Edlin BR. Sexual 
transmission of HIV-1 among injection drug users in San Francisco, USA: risk-
factor analysis. Lancet 2001;357:1397-1401.

154. 	 Kerr T, Stoltz JA, Strathdee S, Li K, Hogg RS, Montaner JS, Wood E. The impact 
of sex partners’ HIV status on HIV seroconversion in a prospective cohort of 
injection drug users. J Acquir Immune Defic Syndr 2006;41:119-123.



89

155. 	 Estebanez PE, Russell NK, Aguilar MD, Beland F, Zunzunegui MV. Women, 
drugs and HIV/AIDS: results of a multicentre European study. Int J Epidemiol 
2000;29:734-743.

156. 	 Strathdee SA, Galai N, Safaiean M, Celentano DD, Vlahov D, Johnson L, Nelson 
KE. Sex differences in risk factors for hiv seroconversion among injection drug 
users: a 10-year perspective. Arch Intern Med 2001;161:1281-1288.

157. 	 Ehrenstein V, Horton NJ, Samet JH. Inconsistent condom use among HIV-
infected patients with alcohol problems. Drug Alcohol Depend 2004;73:159-166.

158. 	 Tun W, Celentano DD, Vlahov D, Strathdee SA. Attitudes toward HIV 
treatments influence unsafe sexual and injection practices among injecting drug 
users. AIDS 2003;17:1953-1962.

159. 	 Girardi E, Aloisi MS, Serraino D, Ferrara M, Lauria FN, Carballo M, d’Arminio 
Monforte A, Rezza G, Moroni M, Carosi G, Alessandrini A, Giacobbi D, 
Cremonini L, Ranieri S, Montroni M, Ippolito G, ICONA Study Group. Sexual 
behaviour of heterosexual individuals with HIV infection naive for antiretroviral 
therapy in Italy. Sex Transm Infect 2001;77:130-134.

160. 	 Schlumberger MG, Desenclos JC, Papaevangelou G, Richardson SC, Ancelle-
Park R. Knowledge of HIV serostatus and preventive behaviour among 
European injecting drug users: second study. European Community Study 
Group on HIV in Injecting Drug Users. Eur J Epidemiol 1999;15:207-215.

161. 	 Marshall BD, Wood E, Zhang R, Tyndall MW, Montaner JS, Kerr T. Condom use 
among injection drug users accessing a supervised injecting facility. Sex Transm 
Infect 2008.

162. 	 Falck RS, Wang J, Carlson RG, Siegal HA. Factors influencing condom use 
among heterosexual users of injection drugs and crack cocaine. Sex Transm Dis 
1997;24:204-210.

163. 	 Hudgins R, McCusker J, Stoddard A. Cocaine use and risky injection and sexual 
behaviors. Drug Alcohol Depend 1995;37:7-14.

164. 	 Booth RE, Kwiatkowski CF, Chitwood DD. Sex related HIV risk behaviors: 
differential risks among injection drug users, crack smokers, and injection drug 
users who smoke crack. Drug Alcohol Depend 2000;58:219-226.

165. 	 Rees V, Saitz R, Horton NJ, Samet J. Association of alcohol consumption with 
HIV sex- and drug-risk behaviors among drug users. J Subst Abuse Treat 
2001;21:129-134.

166. 	 Watkins KE, Metzger D, Woody G, McLellan AT. Determinants of condom use 
among intravenous drug users. AIDS 1993;7:719-723.

167. 	 Sherman SG, Latkin CA. Intimate relationship characteristics associated with 
condom use among drug users and their sex partners: a multilevel analysis. Drug 
Alcohol Depend 2001;64:97-104.

168. 	 Magura S, Shapiro JL, Siddiqi Q, Lipton DS. Variables influencing condom use 
among intravenous drug users. Am J Public Health 1990;80:82-84.

169. 	 Hurley SF, Jolley DJ, Kaldor JM. Effectiveness of needle-exchange programmes 
for prevention of HIV infection. Lancet 1997;349:1797-1800.



90

170. 	 Des Jarlais DC, Marmor M, Paone D, Titus S, Shi Q, Perlis T, Jose B, Friedman 
SR. HIV incidence among injecting drug users in New York City syringe-
exchange programmes. Lancet 1996;348:987-991.

171. 	 Bluthenthal RN, Kral AH, Gee L, Erringer EA, Edlin BR. The effect of 
syringe exchange use on high-risk injection drug users: a cohort study. AIDS 
2000;14:605-611.

172. 	 Gibson DR, Flynn NM, Perales D. Effectiveness of syringe exchange programs 
in reducing HIV risk behavior and HIV seroconversion among injecting drug 
users. AIDS 2001;15:1329-1341.

173. 	 Wodak A, McLeod L. The role of harm reduction in controlling HIV among 
injecting drug users. AIDS 2008;22 Suppl 2:S81-92.

174. 	 Wodak A. Controlling HIV among injecting drug users: the current status of 
harm reduction. HIV/AIDS policy & law review / Canadian HIV/AIDS Legal 
Network 2006, Dec 11(2-3)77-80. 

175. 	 Cox GM, Lawless MC, Cassin SP, Geoghegan TW. Syringe exchanges: a public 
health response to problem drug use. Ir Med J 2000;93:143-146.

176. 	 Bailey SL, Huo D, Garfein RS, Ouellet LJ. The use of needle exchange by young 
injection drug users. J Acquir Immune Defic Syndr 2003;34:67-70.

177. 	 Huo D, Ouellet LJ. Needle exchange and sexual risk behaviors among a cohort of 
injection drug users in Chicago, Illinois. Sex Transm Dis 2009;36:35-40.

178. 	 Strathdee SA, Patrick DM, Currie SL, Cornelisse PG, Rekart ML, Montaner JS, 
Schechter MT, O’Shaughnessy MV. Needle exchange is not enough: lessons from 
the Vancouver injecting drug use study. AIDS 1997;11:F59-65.

179. 	 Bruneau J, Lamothe F, Franco E, Lachance N, Desy M, Soto J, Vincelette J. 
High rates of HIV infection among injection drug users participating in needle 
exchange programs in Montreal: results of a cohort study. Am J Epidemiol 
1997;146:994-1002.

180. 	 World Health Organisation International Collaborative Group. Multi-City Study 
on Drug Injecting and Risk of HIV Infection. 1994;WHO/PSA/94.4.

181. 	 Centers for Disease Control and Prevention (CDC). Syringe exchange programs-
-United States, 2005. MMWR Morb Mortal Wkly Rep 2007;56:1164-1167.

182. 	 Wright NM, Tompkins CN. Supervised injecting centres. BMJ 2004;328:100-102.
183. 	 Kerr T, Tyndall M, Li K, Montaner J, Wood E. Safer injection facility use and 

syringe sharing in injection drug users. Lancet 2005;366:316-318.
184. 	 Coyle SL, Needle RH, Normand J. Outreach-based HIV prevention for injecting 

drug users: a review of published outcome data. Public Health Rep 1998;113 
Suppl 1:19-30.

185. 	 Des Jarlais DC, Hagan H, Friedman SR, Friedmann P, Goldberg D, Frischer 
M, Green S, Tunving K, Ljungberg B, Wodak A. Maintaining low HIV 
seroprevalence in populations of injecting drug users. JAMA 1995;274:1226-
1231.

186. 	 Wiebel WW, Jimenez A, Johnson W, Ouellet L, Jovanovic B, Lampinen T, Murray 
J, O’Brien MU. Risk behavior and HIV seroincidence among out-of-treatment 



91

injection drug users: a four-year prospective study. J Acquir Immune Defic 
Syndr Hum Retrovirol 1996;12:282-289.

187. 	 Sorensen JL, Copeland AL. Drug abuse treatment as an HIV prevention strategy: 
a review. Drug Alcohol Depend 2000;59:17-31.

188. 	 Gowing L, Farrell M, Bornemann R, Sullivan L, Ali R. Substitution treatment of 
injecting opioid users for prevention of HIV infection, Cochrane Database Syst 
Rev 2008;(2):CD004145.

189. 	 Lawrinson P, Ali R, Buavirat A, Chiamwongpaet S, Dvoryak S, Habrat B, Jie 
S, Mardiati R, Mokri A, Moskalewicz J, Newcombe D, Poznyak V, Subata 
E, Uchtenhagen A, Utami DS, Vial R, Zhao C. Key findings from the WHO 
collaborative study on substitution therapy for opioid dependence and HIV/
AIDS. Addiction 2008;103:1484-1492.

190. 	 Mattick RP, Kimber J, Breen C, Davoli M. Buprenorphine maintenance versus 
placebo or methadone maintenance for opioid dependence. Cochrane Database 
Syst Rev 2008;(2):CD002207.

191. 	 Roux P, Carrieri MP, Villes V, Dellamonica P, Poizot-Martin I, Ravaux I, Spire B, 
MANIF2000 cohort study group. The impact of methadone or buprenorphine 
treatment and ongoing injection on highly active antiretroviral therapy 
(HAART) adherence: evidence from the MANIF2000 cohort study. Addiction 
2008;103:1828-1836.

192. 	 Wodak A, McLeod L. The role of harm reduction in controlling HIV among 
injecting drug users. AIDS 2008;22 Suppl 2:S81-92.

193. 	 Semaan S, Des Jarlais DC, Sogolow E, Johnson WD, Hedges LV, Ramirez G, 
Flores SA, Norman L, Sweat MD, Needle R. A meta-analysis of the effect of HIV 
prevention interventions on the sex behaviors of drug users in the United States. 
J Acquir Immune Defic Syndr 2002;30 Suppl 1:S73-93.

194. 	 Copenhaver MM, Johnson BT, Lee IC, Harman JJ, Carey MP, SHARP Research 
Team. Behavioral HIV risk reduction among people who inject drugs: meta-
analytic evidence of efficacy. J Subst Abuse Treat 2006;31:163-171.

195. 	 Vanichseni S, Des Jarlais DC, Choopanya K, Mock PA, Kitayaporn D, Sangkhum 
U, Prasithiphol B, Hu DJ, van Griensven F, Mastro TD, Tappero JW. Sexual risk 
reduction in a cohort of injecting drug users in Bangkok, Thailand. J Acquir 
Immune Defic Syndr 2004;37:1170-1179.

196. 	 Des Jarlais DC, Perlis T, Arasteh K, Hagan H, Milliken J, Braine N, Yancovitz 
S, Mildvan D, Perlman DC, Maslow C, Friedman SR. “Informed altruism” 
and “partner restriction” in the reduction of HIV infection in injecting drug 
users entering detoxification treatment in New York City, 1990-2001. J Acquir 
Immune Defic Syndr 2004;35:158-166.

197. 	 Battjes RJ, Pickens RW, Brown LS,Jr. HIV infection and AIDS risk behaviors 
among injecting drug users entering methadone treatment: an update. J Acquir 
Immune Defic Syndr Hum Retrovirol 1995;10:90-96.

198. 	 Des Jarlais C, Perlis T, Friedman SR, Chapman T, Kwok J, Rockwell R, Paone 
D, Milliken J, Monterroso E. Behavioral risk reduction in a declining HIV 



92

epidemic: injection drug users in New York City, 1990-1997. Am J Public Health 
2000;90:1112-1116.

199. 	 Hunter GM, Donoghoe MC, Stimson GV, Rhodes T, Chalmers CP. Changes in 
the injecting risk behaviour of injecting drug users in London. 1990-1993, AIDS 
1995;9:493-501.

200. 	 Choopanya K, Des Jarlais DC, Vanichseni S, Mock PA, Kitayaporn D, Sangkhum 
U, Prasithiphol B, Hiranrus K, van Griensven F, Tappero JW, Mastro TD. HIV 
risk reduction in a cohort of injecting drug users in Bangkok, Thailand. J Acquir 
Immune Defic Syndr 2003;33:88-95.

201. 	 International Harm Reduction Association. What is harm reduction? Available 
at: http://www.ihra.net/Whatisharmreduction [Accessed February 27, 2009].

202. 	 WHO. Comprehensive harm reduction package. Available at: http://www.who.
int/hiv/topics/idu/harm_reduction/en/index.html [Accessed February 27, 2009].

203. 	 UNAIDS. AIDS epidemic update, 2006. Available at: http://data.unaids.org/pub/
EpiReport/2006/2006_EpiUpdate_en.pdf [Accessed February 27, 2009].

204. 	 WHO. Background paper for the technical consultation on effective coverage 
of health systems, 27-29 August 2001, Rio de Janeiro, Brazil. Available at: 
http://www.who.int/health-systems-performance/technical_consultations/
effcov_background.pdf [Accessed February 27, 2009].

205. 	 Sarang A, Rhodes T, Platt L. Access to syringes in three Russian cities: 
implications for syringe distribution and coverage. Int J Drug Policy 2008;19 
Suppl 1:S25-36.

206. 	 Emmanuel F, Fatima M. Coverage to curb the emerging HIV epidemic among 
injecting drug users in Pakistan: delivering prevention services where most 
needed. Int J Drug Policy 2008;19 Suppl 1:S59-64.

207. 	 Tempalski B, Cooper HL, Friedman SR, Des Jarlais DC, Brady J, Gostnell K. 
Correlates of syringe coverage for heroin injection in 35 large metropolitan 
areas in the US in which heroin is the dominant injected drug. Int J Drug Policy 
2008;19 Suppl 1:S47-58.

208. 	 Sharma M, Burrows D, Bluthenthal RN. Improving coverage and scale-up of 
HIV prevention, treatment and care for injecting drug users: moving the agenda 
forward. Int J Drug Policy 2008;19 Suppl 1:S1-4.

209. 	 UNAIDS. High coverage sites. UNAIDS Best Practice Collection, 2006. Available 
at: http://data.unaids.org/Publications/IRC-pub07/JC1254-HighCoverageIDUen.
pdf [Accessed May 22, 2009].

210. 	 Anderson RM, May RM. Epidemiological parameters of HIV transmission. 
Nature 1988;333:514-519.

211. 	 Connor EM, Sperling RS, Gelber R, Kiselev P, Scott G, O’Sullivan MJ, VanDyke 
R, Bey M, Shearer W, Jacobson RL. Reduction of maternal-infant transmission 
of human immunodeficiency virus type 1 with zidovudine treatment. 
Pediatric AIDS Clinical Trials Group Protocol 076 Study Group. N Engl J Med 
1994;331:1173-1180.

212. 	 Quinn TC, Wawer MJ, Sewankambo N, Serwadda D, Li C, Wabwire-Mangen 
F, Meehan MO, Lutalo T, Gray RH. Viral load and heterosexual transmission 



93

of human immunodeficiency virus type 1. Rakai Project Study Group. N Engl J 
Med 2000;342:921-929.

213. 	 Tovanabutra S, Robison V, Wongtrakul J, Sennum S, Suriyanon V, Kingkeow 
D, Kawichai S, Tanan P, Duerr A, Nelson KE. Male viral load and heterosexual 
transmission of HIV-1 subtype E in northern Thailand. J Acquir Immune Defic 
Syndr 2002;29:275-283.

214. 	 Wawer MJ, Gray RH, Sewankambo NK, Serwadda D, Li X, Laeyendecker O, 
Kiwanuka N, Kigozi G, Kiddugavu M, Lutalo T, Nalugoda F, Wabwire-Mangen 
F, Meehan MP, Quinn TC. Rates of HIV-1 transmission per coital act, by stage of 
HIV-1 infection, in Rakai, Ugand. J Infect Dis 2005;191:1403-1409.

215. 	 Hollingsworth TD, Anderson RM, Fraser C. HIV-1 transmission, by stage of 
infection. J Infect Dis 2008;198:687-693.

216. 	 Modjarrad K, Chamot E, Vermund SH. Impact of small reductions in 
plasma HIV RNA levels on the risk of heterosexual transmission and disease 
progression. AIDS 2008;22:2179-2185.

217. 	 Kalichman SC, Di Berto G, Eaton L. Human immunodeficiency virus viral load 
in blood plasma and semen: review and implications of empirical findings. Sex 
Transm Dis 2008;35:55-60.

218. 	 Cu-Uvin S, Snyder B, Harwell JI, Hogan J, Chibwesha C, Hanley D, Ingersoll 
J, Kurpewski J, Mayer KH, Caliendo AM. Association between paired plasma 
and cervicovaginal lavage fluid HIV-1 RNA levels during 36 months. J Acquir 
Immune Defic Syndr 2006;42:584-587.

219. 	 Volmink J, Siegfried NL, van der Merwe L, Brocklehurst P. Antiretrovirals for 
reducing the risk of mother-to-child transmission of HIV infection. Cochrane 
Database Syst Rev 2007;(1):CD003510.

220. 	 Castilla J, Del Romero J, Hernando V, Marincovich B, Garcia S, Rodriguez C. 
Effectiveness of highly active antiretroviral therapy in reducing heterosexual 
transmission of HIV. J Acquir Immune Defic Syndr 2005;40:96-101.

221. 	 Porco TC, Martin JN, Page-Shafer KA, Cheng A, Charlebois E, Grant RM, 
Osmond DH. Decline in HIV infectivity following the introduction of highly 
active antiretroviral therapy, AIDS 2004;18:81-88.

222. 	 Fang CT, Hsu HM, Twu SJ, Chen MY, Chang YY, Hwang JS, Wang JD, Chuang 
CY, Division of AIDS and STD, Center for Disease Control, Department of 
Health, Executive Yuan. Decreased HIV transmission after a policy of providing 
free access to highly active antiretroviral therapy in Taiwan. J Infect Dis 
2004;190:879-885.

223. 	 Montaner J, Kerr T, Li K, Zhang R, Marshall B, Harrigan PR, Hogg RS, Wood 
E. Longitudinal community plasma HIV RNA level and HIV incidence among 
injection drug users. Abstract LBPE1160. International AIDS Conrerence, 
Mexico City, July 2008.

224. 	 Granich RM, Gilks CF, Dye C, De Cock KM, Williams BG. Universal voluntary 
HIV testing with immediate antiretroviral therapy as a strategy for elimination 
of HIV transmission: a mathematical model. Lancet 2009;373:48-57.



94

225. 	 Lima VD, Johnston K, Hogg RS, Levy AR, Harrigan PR, Anema A, Montaner JS. 
Expanded access to highly active antiretroviral therapy: a potentially powerful 
strategy to curb the growth of the HIV epidemic. J Infect Dis 2008;198:59-67.

226. 	 Rhodes T, Stimson GV, Crofts N, Ball A, Dehne K, Khodakevich L. Drug 
injecting, rapid HIV spread, and the ‘risk environment’: implications for 
assessment and response. AIDS 1999;13 Suppl A:S259-69.

227. 	 Tempalski B, McQuie H. Drugscapes and the role of place and space in injection 
drug use-related HIV risk environments. Int J Drug Policy 2009;20:4-13.

228. 	 Maas B, Fairbairn N, Kerr T, Li K, Montaner JS, Wood E. Neighborhood and 
HIV infection among IDU: place of residence independently predicts HIV 
infection among a cohort of injection drug users. Health Place 2007;13:432-439.

229. 	 Heimer R, Barbour R, Shaboltas AV, Hoffman IF, Kozlov AP. Spatial distribution 
of HIV prevalence and incidence among injection drugs users in St Petersburg: 
implications for HIV transmission. AIDS 2008;22:123-130.

230. 	 Scribner RA, Johnson SA, Cohen DA, Robinson W, Farley TA, Gruenewald P. 
Geospatial methods for identification of core groups for HIV/AIDS. Subst Use 
Misuse 2008;43:203-221.

231. 	 Wylie JL, Shah L, Jolly A. Incorporating geographic settings into a social network 
analysis of injection drug use and bloodborne pathogen prevalence. Health Place 
2007;13:617-628.

232. 	 Latkin C, Glass GE, Duncan T. Using geographic information systems to assess 
spatial patterns of drug use, selection bias and attrition among a sample of 
injection drug users. Drug Alcohol Depend 1998;50:167-175.

233. 	 Rockwell R, Des Jarlais DC, Friedman SR, Perlis TE, Paone D. Geographic 
proximity, policy and utilization of syringe exchange programmes. AIDS Care 
1999;11:437-442.

234. 	 Krueger LE, Wood RW, Diehr PH, Maxwell CL. Poverty and HIV seropositivity: 
the poor are more likely to be infected. AIDS 1990;4:811-814.

235. 	 Fennema JS, Van Ameijden EJ, Van Den Hoek A, Coutinho RA. Young 
and recent-onset injecting drug users are at higher risk for HIV. Addiction 
1997;92:1457-1465.

236. 	 Andia JF, Deren S, Kang SY, Robles RR, Colon HM, Oliver-Velez D, Finlinson 
A, Beardsley M, Friedman SR. Residential status and HIV risk behaviors among 
Puerto Rican drug injectors in New York and Puerto Rico. Am J Drug Alcohol 
Abuse 2001;27:719-735.

237. 	 Rhodes T, Ball A, Stimson GV, Kobyshcha Y, Fitch C, Pokrovsky V, 
Bezruchenko-Novachuk M, Burrows D, Renton A, Andrushchak L. HIV 
infection associated with drug injecting in the newly independent states, eastern 
Europe: the social and economic context of epidemics. Addiction 1999;94:1323-
1336.

238. 	 Rhodes T, Simic M. Transition and the HIV risk environment. BMJ 
2005;331:220-223.



95

239. 	 Beyrer C. HIV epidemiology update and transmission factors: risks and risk 
contexts--16th International AIDS Conference epidemiology plenary. Clin Infect 
Dis 2007;44:981-987.

240. 	 Bobrova N, Rhodes T, Power R, Alcorn R, Neifeld E, Krasiukov N, Latyshevskaia 
N, Maksimova S. Barriers to accessing drug treatment in Russia: a qualitative 
study among injecting drug users in two cities. Drug Alcohol Depend 2006;82 
Suppl 1:S57-63.

241. 	 Friedman SR, Perlis T, Des Jarlais DC. Laws prohibiting over-the-counter syringe 
sales to injection drug users: relations to population density, HIV prevalence, 
and HIV incidence. Am J Public Health 2001;91:791-793.

242. 	 Friedman SR, Cooper HL, Tempalski B, Keem M, Friedman R, Flom PL, Des 
Jarlais DC. Relationships of deterrence and law enforcement to drug-related 
harms among drug injectors in US metropolitan areas. AIDS 2006;20:93-99.

243. 	 Amundsen EJ, Eskild A, Stigum H, Smith E, Aalen OO. Legal access to needles 
and syringes/needle exchange programmes versus HIV counselling and testing 
to prevent transmission of HIV among intravenous drug users: a comparative 
study of Denmark, Norway and Sweden. Eur J Public Health 2003;13:252-258.

244. 	 van den Hoek JA, Coutinho RA, van Haastrecht HJ, van Zadelhoff AW, 
Goudsmit J. Prevalence and risk factors of HIV infections among drug users and 
drug-using prostitutes in Amsterdam. AIDS 1988;2:55-60.

245. 	 Kuiken CL, Goudsmit J. Silent mutation pattern in V3 sequences distinguishes 
virus according to risk group in Europe. AIDS Res Hum Retroviruses 
1994;10:319-320.

246. 	 Hughes JP. Mixed effects models with censored data with application to HIV 
RNA levels. Biometrics 1999;55:625-629.

247. 	 Krol A, Flynn C, Vlahov D, Miedema F, Coutinho RA, van Ameijden EJ. New 
evidence to reconcile in vitro and epidemiologic data on the possible role 
of heroin on CD4+ decline among HIV-infected injecting drug users. Drug 
Alcohol Depend 1999;54:145-154.

248. 	 Flatley J, McIntosh S, Vaattovaara M. Spatial segregation and the seven cities, 
the analysis of common indicators and maps: concluding review. In Between 
Integration and Exclusion: a Comparative Study in Local Dynamics of Precarity 
and Resistance to Exclusion in Urban Contexts. Social inequality and spatial 
segregation in seven European cities. Stage A report. Co-financed by the 
European Commission DG XII, TSER programme 1999;1-40. 

249. 	 Partanen A, Malin K, Perälä R, Harju-Koskelin O, Holopainen A, Holmström P, 
Brummer-Korvenkontio H. Riski-tutkimus 2000–2003 – Pistämällä huumeita 
käyttävien seurantatutkimus.  A-klinikkasäätiö, 2006;52:1-71.

250. 	 Michael NL, Herman SA, Kwok S, Dreyer K, Wang J, Christopherson C, Spadoro 
JP, Young KK, Polonis V, McCutchan FE, Carr J, Mascola JR, Jagodzinski LL, 
Robb ML. Development of calibrated viral load standards for group M subtypes 
of human immunodeficiency virus type 1 and performance of an improved 
AMPLICOR HIV-1 MONITOR test with isolates of diverse subtypes.  J Clin 
Microbiol 1999;37:2557-2563.



96

251. 	 Parekh B, Phillips S, Granade TC, Baggs J, Hu DJ, Respess R. Impact of HIV type 
1 subtype variation on viral RNA quantitation. AIDS Res Hum Retroviruses 
1999;15:133-142.

252. 	 Vandamme AM, Schmit JC, Van Dooren S, Van Laethem K, Gobbers E, Kok W, 
Goubau P, Witvrouw M, Peetermans W, De Clercq E, Desmyter J. Quantification 
of HIV-1 RNA in plasma: comparable results with the NASBA HIV-1 RNA QT 
and the AMPLICOR HIV monitor test. J Acquir Immune Defic Syndr Hum 
Retrovirol 1996;13:127-139.

253. 	 Xiridou M, van Griensven F, Tappero JW, Martin M, Gurwith M, Vanichseni S, 
Kittikraisak W, Coutinho R, Choopanya K. The spread of HIV-1 subtypes B and 
CRF01_AE among injecting drug users in Bangkok, Thailand. J Acquir Immune 
Defic Syndr 2007;45:468-475.

254. 	 Des Jarlais DC. The first and second decades of AIDS among injecting drug 
users. Br J Addict 1992;87:347-353.

255. 	 Des Jarlais DC, Semaan S. HIV prevention for injecting drug users: the first 25 
years and counting. Psychosom Med 2008;70:606-611.

256. 	 Arponen A, Brummer-Korvenkontio H, Liitsola K, Salminen M. Trust and 
Free Will as the Keys to Success for the Low Threshold Health Service Centres 
(LTHSC). An Interdisciplinary Evaluation Study of the Effectiveness of Health 
Promotion Services for Infectious Disease Prevention and Control Among 
Injecting Drug Users. National Public Health Institute 2008;B24/2008:1-164.

257. 	 Hethcote H, VanArk J,  Karlon J. A simulation model of AIDS in San Francisco: 
II. Simulations, therapy and sensitivity analysis. Math Biosci 1991;10:223-247.

258. 	 Partanen P, Hakkarainen P, Holmström P, Kinnunen A, Leinikki P, Partanen A, 
Seppälä T, Simpura J, Virtanen A. Amfetamiinien ja opiaattien ongelmakäyttö 
Suomessa 1998. Yhteiskuntapolitiikka 2000;65:534-541.

259. 	 Uuskula A, Kals M, Rajaleid K, Abel K, Talu A, Ruutel K, Platt L, Rhodes T, 
Dehovitz J, Des Jarlais D. High-prevalence and high-estimated incidence of 
HIV infection among new injecting drug users in Estonia: need for large scale 
prevention programs. J Public Health (Oxf) 2008;30:119-125.

260. 	 Des Jarlais DC, Friedman SR, Choopanya K, Vanichseni S, Ward TP. 
International epidemiology of HIV and AIDS among injecting drug users. AIDS 
1992;6:1053-1068.

261. 	 Friedman SR, Jose B, Deren S, Des Jarlais DC, Neaigus A. Risk factors for human 
immunodeficiency virus seroconversion among out-of-treatment drug injectors 
in high and low seroprevalence cities. The National AIDS Research Consortium. 
Am J Epidemiol 1995;142:864-874.

262. 	 Tammi T. Medicalicing Prohibition. Harm Reduction in Finnish and 
International Drug Policy. Academic dissertation. Vaajakoski 2008. Stakes, 
Research Report 161; 2008.

263. 	 Downs AM, Heisterkamp SH, Rava L, Houweling H, Jager JC, Hamers FF. 
Back-calculation by birth cohort, incorporating age- specific disease progression, 
pre-AIDS mortality and change in European AIDS case definition. European 



97

Union Concerted Action on Multinational AIDS Scenarios. AIDS 2000;14:2179-
2189.

264. 	 Purcell DW, Mizuno Y, Metsch LR, Garfein R, Tobin K, Knight K, Latka MH. 
Unprotected sexual behavior among heterosexual HIV-positive injection drug 
using men: associations by partner type and partner serostatus. J Urban Health 
2006;83:656-668.

265. 	 Adler A, Mounier-Jack S, Coker RJ. Late diagnosis of HIV in Europe: definitional 
and public health challenges, AIDS Care 2008:1-10.

266. 	 Wilson D, Halperin DT. ”Know your epidemic, know your response”: a useful 
approach, if we get it right. Lancet 2008;372:423-426.




	ABSTRACT
	ABBREVIATIONS
	Contents
	LIST OF ORIGINAL PUBLICATIONS
	1. INTRODUCTION
	2. REVIEW OF THE LITERATURE
	3. AIMS
	4. METHODS
	5. RESULTS
	6. DISCUSSION
	7. CONCLUSIONS
	8. ACKNOWLEDGEMENTS
	9. REFERENCES



