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Summary: Russia has one of the world’s fastest growing HIV epidemics, and HIV screening has been widespread. Whether such

screening is an effective use of resources is unclear. We used epidemiologic and economic data from Russia to develop a Markov

model to estimate costs, quality of life and survival associated with a voluntary HIV screening programme compared with no

screening in Russia. We measured discounted lifetime health-care costs and quality-adjusted life years (QALYs) gained. We varied

our inputs in sensitivity analysis. Early identification of HIV through screening provided a substantial benefit to persons with HIV,

increasing life expectancy by 2.1 years and 1.7 QALYs. At a base-case prevalence of 1.2%, once-per-lifetime screening cost $13,396

per QALY gained, exclusive of benefit from reduced transmission. Cost-effectiveness of screening remained favourable until

prevalence dropped below 0.04%. When HIV-transmission-related costs and benefits were included, once-per-lifetime screening

cost $6910 per QALY gained and screening every two years cost $27,696 per QALY gained. An important determinant of the

cost-effectiveness of screening was effectiveness of counselling about risk reduction. Early identification of HIV infection

through screening in Russia is effective and cost-effective in all but the lowest prevalence groups.
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INTRODUCTION

Russia has one of the world’s fastest growing HIV epidemics.
Driven by an increase in injection drug use and commercial
sex after the dissolution of the Soviet Union, HIV prevalence
doubled annually between 1995 and 2001.1–3 Recent data
suggest that the epidemic is becoming generalized, with
many cases now associated with heterosexual contact or verti-
cal transmission.4,5 While there are more than 380,000 officially
registered HIV/AIDS cases in Russia,1 experts estimate that
more than one million people are infected, which corresponds
to a prevalence of 1.2% in the 15–49-year-old age group.2,5–8

Since 80% of cases are comprised of individuals under 30
years of age, in stark contrast to Western epidemics,5,8 HIV
could be especially detrimental to Russia’s economy, com-
pounding effects of its already declining population size.

Early detection of HIV through voluntary screening is
important for treatment and for reducing HIV transmission.
Early identification can provide the opportunity for timely
treatment of infected individuals, thus reducing morbidity
and mortality.9 Additionally, the decrease in risky behaviour
resulting from HIV counselling and the reduction in infectivity
due to use of antiretroviral therapy (ART)9–14 can translate into
a significant benefit from reduced HIV transmission.9

Since the late 1980s, screening for HIV in Russia has beenwide-
spread.4,8 Whether such screening is an effective and efficient use
of resources is unclear, particularly since many individuals are
screened multiple times each year and high-risk individuals may
not undergo screening at all.2,15,16 Consequently, many infections
are likely undiagnosed, leading experts to report that the preva-
lence of HIV is at least three times the officially registered
number.5,8 Furthermore, cases are often detected late in the
course of illness: most people with HIV/AIDS in Russia survive
only three to five years after initial diagnosis.8,17 While pre- and
post-test counselling are mandated by the Russian Federal AIDS
Act of 1995, the extent and nature of counselling is unclear,18

potentially reducing the effectiveness of the programme in
decreasing the spread of HIV.

In the United States, a number of recent studies have demon-
strated the cost-effectiveness of expanded screening for
HIV.9,19–21 However, the generalizability of this finding to other
countries is unclear, and there have been extremely limited evalu-
ations of costs and benefits of screening in middle- and low-
income countries.22 Because of the importance of the epidemic
in Russia, we sought to evaluate the cost-effectiveness of a volun-
tary HIV screening and counselling programme in Russia.

METHODS

Model overview

We developed a Markov model using Decision Maker software
to estimate the health-related costs and benefits of a voluntary
HIV screening programme in Russia. We followed a cohort of
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15–49-year-old individuals over their lifetimes. Our model
included HIV natural history, voluntary testing and counsel-
ling, HIV transmission and treatment with ART. Our model
included natural history data to estimate disease progression
without ART and estimated relative hazard of death based
on changing viral loads and CD4 counts.9 We measured
health-related costs and life expectancy in quality-adjusted life
years (QALYs), both discounted at 3% annually. A detailed
description of the model structure, assumptions and para-
meters has been published previously.9

We evaluated three voluntary screening strategies: no HIV
screening, once-per-lifetime HIV screening and repeat HIV
screening. Each month, patients could undergo HIV testing
through symptom-based case finding and/or a screening pro-
gramme. We evaluated screening intervals of every one to
five years in the repeat HIV screening strategies; such screening
intervals are commonly reported in the literature.9,21

For each screening programme, we calculated lifetime per
person costs and QALYs, as well as incremental cost-effectiveness
ratios. Cost-effectiveness ratios were interpreted using criteria
developed by theWorld Health Organization.23 WHO guidelines
propose that interventions that cost less than three times the
per capita gross domestic product (GDP) are cost-effective,
and interventions costing less than the per capita GDP are
very cost-effective. Russia’s per capita GDP in 2006 was
approximately $12,000.

Treatment regimens

Patients identified with HIV initiated ART once their CD4
counts dropped below 350 cells per mm3. In our base-case ana-
lyses, we estimated health outcomes and costs for the case
in which 50% of patients had access to treatment with ART;
we examined lower and higher rates in sensitivity analyses.
We modelled treatment with three suppressive ART regimens,
followed by a lifelong non-suppressive therapy. Such com-
prehensive treatment is not always available currently, but
reflects the recent emphasis on expanding ART in Russia.6,24

HIV epidemic data

Our analysis focused on individuals aged 15–49 in health-care
settings whose HIV status was unknown (Table 1). The cohort
had an average age of 32.5 years, which is the average age of
15–49-year-olds in Russia.25 Based on data from the Joint
United Nations Programme on HIV/AIDS (UNAIDS) and the
World Health Organization (WHO), we calculated an HIV
prevalence of 1.2% among 15–49-year-olds, with two-thirds
of cases undiagnosed.5,6,8

Considerable uncertainty exists regarding HIV incidence in
Russia. Russia’s Federal AIDS Center has recorded all newly
diagnosed cases since 1987.1 However, given likely under-
detection and late detection, these recorded cases underestimate
true incidence. One small population-based study that evalu-
ated incidence in a cohort of injection drug users demonstrated
seroconversion at a rate as high as 4.5% per year.26 Based on
Federal AIDS Center data,1 annual HIV incidence is approxi-
mately 0.05% in the 15–49-year-old age group. Because of likely
under-detection, we estimated a higher incidence of 0.075% for
our base-case analyses. Since the age distribution of HIV in
Russia is markedly skewed toward young people,8 we estimated
a 90% reduction in incidence per decade of life after age 50. We
varied these assumptions widely in sensitivity analysis.

HIV transmission

We considered sexual and needle-sharing transmission of HIV.
The probability of sexual transmission of HIV depended on the
patient’s gender, partner’s gender, number of partners, knowl-
edge ofHIV status and viral load. The effectiveness of counselling
in reducing risk behaviour is an important determinant of the
reduction in transmission that can occur through screening.9

Based on evaluations of the effectiveness of counselling and
testing in the United States, we estimated that counselling
reduced risk behaviours by 20%, which is likely conservative
for counselling as practiced in the United States.9,12–14,27–30

However, because little direct evidence is available about the
effectiveness of counselling in Russia, we evaluated scenarios in
which counselling has minimal effectiveness. Because needle
exchange programmes and substitution therapy for substance
abuse are rarely available in Russia,2,31,32 we assumed that coun-
selling did not alter the risk of transmission via injection drug use.

Costs

We obtained Russia-specific costs through a number of different
sources, including Russian Bulletins of Laboratory Services,
Russian Regional AIDS Center directors and non-governmental
organizations (Table 1). As costs of medical visits and labora-
tory tests were often not standardized across clinics, we
obtained prices from several regions in Russia and varied cost
parameters in sensitivity analysis. Our analysis included costs
of testing and counselling, follow-up, treatment and support
services while on treatment.

The cost of ART in Russia is evolving. The price of three-drug
ART regimen recently dropped from approximately $8000 to
$1700 per year in 2006, and is expected to decrease three-fold
over the next several years.6,33,34 Our base case assumed
an annual cost of $1700 for ART. We explored lower costs of
treatment in sensitivity analysis.

Quality of life with HIV

We based our estimates of quality of life with HIV on published
assessments.9,35–42 Because utility-based estimates of quality of life
are not available from Russia, we evaluated whether changes in
quality of life influenced our results in sensitivity analyses.

RESULTS

Benefit to infected individuals

We calculated the benefit of early identification and treatment
of HIV compared with symptom-based case finding.
HIV-infected individuals identified early through screening
who initiated ART did so at a CD4 count of 350 cells per
mm3, compared with an average CD4 count of 175 cells per
mm3 for those identified through symptom-based case
finding. In our base-case analysis, screening and early treat-
ment resulted in an additional 2.1 years of life expectancy for
HIV-infected individuals and an additional 1.7 years of
quality-adjusted life expectancy. This benefit varied by age,
but persisted into the eighth decade of life (Figure 1).

Base-case health and economic outcomes

When we included costs and benefits for index cases only, once-
per-lifetime screening cost $56 more per person screened than
symptom-based case finding alone, and increased life expectancy
by 1.5 quality-adjusted days per person screened, yielding an
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incremental cost-effectiveness ratio of $13,396 per QALY gained
(Table 2). Repeat screening every five years cost $25,388 per
QALY gained compared to once-per-lifetime screening.

When we included costs and benefits for index cases and
their sexual partners, the cost-effectiveness of once-per-lifetime

screening improved to $6910 per QALY gained and screening
every five years cost $7402 per QALY.

Prevalence

We evaluated the effect of HIV prevalence on the cost-
effectiveness of screening. The cost-effectiveness of screening
for HIV remained favourable until prevalence dropped sub-
stantially below one-tenth of our base-case estimate of 1.2%
(Figure 2). When including benefits and costs for index cases
only, once-per-lifetime screening cost less than $36,000 per
QALY gained (three times the per capita GDP) if prevalence
was at least 0.04% (Figure 2). With inclusion of costs and
benefits to sexual partners, screening cost less than $36,000
per QALY gained if HIV prevalence was at least 0.02% and
cost less than $12,000 per QALY gained (the per capita GDP)
if prevalence was at least 0.08%.

Repeat HIV screening

The cost-effectiveness of repeat HIV screening was determined
primarily by the incidence of HIV in the screened population.
In our base-case analysis, including costs and benefits to
both index cases and their sexual partners, screening every
five years cost $7402 per QALY gained compared with

Table 1 Model parameters and sources�

Parameter Base-case value Range Source

Demographic variables

Age of screened population (years) 32.5 20–40 25

Prevalence of HIV (%) 1.2 0.01–30 1,5,6,25,44

Prevalence of unidentified HIV (%) 0.83 0.01–40 1,5,6,25,44

Annual HIV incidence, 15–49-year-olds (%) 0.075 0.0375–0.3 1

Proportion of uninfected female population (%) 50.4 40–60 5,6,44,45

Proportion of infected male population (%) 65 50–75 5,6,45

Proportion of infected males who are MSM (%) 19 0.2–20 46

Age of index case’s sexual partners (years) 32.5 20–40 25

HIV testing and treatment variables

Probability that patients return for test results (%) 80 50–100 9,47–53

Probability that eligible patients receive ART (%) 50 5–100 Estimated

Effectiveness of testing and counselling in reducing sexual transmission (%) 20 0–25 9,12–14,27–30

Sensitivity of screening test (%)

First 3 months after infection 60 11–83 9,54–56

Established disease 99.5 98.0–99.9 9,54,55,57

Specificity of entire sequence of screening tests (%) 99.9994 99–100 9,54,55,58

Cost variables

Cost of negative HIV test ($) 1 1–10 Bulletins of Laboratory Services, interviews

with HIV experts in Russia

Cost of positive HIV test ($) 70 50–100 Bulletins of Laboratory Services, interviews

with HIV experts in Russia

Cost of HIV counselling ($) 3 1–10 Interviews with HIV experts in Russia

Cost of CD4 count test ($) 7 1–10 Interviews with HIV experts in Russia

Cost of viral load test ($) 80 50–120 Interviews with HIV experts in Russia

Annual health-care costs (non-HIV related) ($) 115 80–250 59

Annual cost of HIV infection ($) 570 400–1000 60

Annual cost of three-drug therapy ($) 1700 500–2000 33,34

Annual cost of fourth drug ($) 600 100–1000 Interviews with HIV experts in Russia

Annual cost of salvage therapy ($) 2300 2000–3000 Interviews with HIV experts in Russia

Annual cost of additional support services while on therapy ($) 600 100–1000 Interviews with HIV experts in Russia

Cost of ART side effect per episode ($) 5 1–20 Interviews with HIV experts in Russia

Quality-of-life variables

Unknown asymptomatic HIV infection 0.91 0.85–1.00 9,37

Diagnosed asymptomatic HIV infection 0.84 0.68–1.00 9,37

Symptomatic (untreated) HIV infection 0.79 0.45–1.00 9,37,39–42

HIV infection during HAART 0.83 0.45–1.00 9,37,39–42

AIDS 0.73 0.30–0.80 9,37,39–42

Decrease in quality of life due to side effects of HAART (multiplier) 0.53 0.44–0.62 35,36,38

MSM¼men who have sex with men; (HA) ART¼(highly active) antiretroviral therapy
�Parameter values and ranges were estimated based on sources listed

Figure 1 Effect of early identification and treatment of HIV infec-
tion on life expectancy. Solid line depicts the increase in life
expectancy associated with identification of asymptomatic HIV,
compared with symptom-based case finding. Dotted line
shows increase in quality-adjusted life expectancy
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once-per-lifetime screening (Figure 3). At half of the base-case
incidence, screening every five years cost $8421 per QALY
gained compared with once-per-lifetime screening. At double
the base-case incidence, screening every five years cost $6847
per QALY gained.

The impact of incidence on cost-effectiveness was more appar-
ent at more frequent screening intervals. The cost-effectiveness of
screening every two years compared with screening every three
years was $27,696 per QALY gained in the base case, $32,841 per
QALY gained when incidence was half that of the base case and
$19,301 per QALY gained at double the base-case incidence.

Annual screening was expensive, costing $85,972 per QALY
gained in the base case, $123,626 per QALY gained when inci-
dence was half that of the base case and $55,812 per QALY
gained at double the base-case incidence. Incidence would
need to be approximately four times that of our base case or
0.3% per year in the 15–49 age group, for annual screening to
cost less than $36,000 per QALY gained.

Impact of counselling

The degree to which screening and counselling reduced risky
behaviour was an influential determinant of the cost-
effectiveness of screening. Our base-case analysis of the cost-
effectiveness of screening ($6910 per QALY gained) included
a 20% reduction in risky sexual behaviour. If counselling was
half as effective, decreasing risky behaviour by only 10%,
screening cost $9100 per QALY gained.

The influence of counselling on the cost-effectiveness of per-
iodic screening was substantial. Screening every five years cost

$7402 per QALY gained in our base case and $10,711 per QALY
gained if counselling was half as effective. Screening every two
years cost $27,696 per QALY gained in our base case and
$77,008 per QALY gained if counselling was half as effective.

Additional sensitivity analysis

The cost-effectiveness of screening was moderately influenced
by quality of life associated with diagnosed or symptomatic
HIV infection. When the quality-of-life decrement associated
with diagnosed or symptomatic infection was twice that of
the base case, cost-effectiveness worsened from $6910 to
$11,942 per QALY gained for once-per-lifetime screening and
from $7401 to $12,530 per QALY gained for screening every
five years.

Reduction in the cost of ART has been a worldwide public
health priority. When the annual price of a three-drug ART
regimen was reduced from $1700 in our base case to $500,
once-per-lifetime screening cost $4913 per QALY gained after
including costs and benefits to sexual partners. Screening
every five years cost $5495 per QALY gained, but annual
screening remained expensive at $85,309 per QALY gained.

If effective counselling was included with screening, our
results were minimally influenced by changes in the proportion
of individuals who received ART; however, if counselling was

Table 2 Health and economic outcomes�

Strategy

Cost per person

screened ($)

Incremental

cost ($)

Quality-adjusted life

expectancy (years)

Incremental

quality-adjusted life

expectancy (days)

Incremental

cost-effectiveness

($/QALY)

Index cases only

No screening 3121 23,813

Once-per-lifetime screening 3177 56 23,817 1.5 13,396

Screening every 5 years 3282 105 23,822 1.5 25,388

Index cases and sexual partners

No screening 3289 23,697

Once-per-lifetime screening 3345 56 23,705 3.0 6910

Screening every 5 years 3450 105 23,719 5.2 7402

QALY¼quality-adjusted life year
�Analysis was based on HIV prevalence of 1.2% in 15–49-year-olds, undiagnosed HIV prevalence of 0.83% and 50% of identified individuals receiving antiretroviral therapy

Figure 3 Incremental cost-effectiveness of recurrent HIV
screening in very high, high, middle and low incidence settings.
Base-case incidence corresponds to annual incidence of
0.075% in 15–49-year-olds, with 90% decrease per sub-
sequent decade of life. Low, high and very high incidence cor-
responds to half, double and four times the base-case
incidence

Figure 2 Effect of prevalence of unidentified HIV on the incre-
mental cost-effectiveness of once-per-lifetime HIV screening.
Solid line depicts incremental cost-effectiveness ratio when
costs and benefits to sexual partners are included. Dotted line
includes costs and benefits to index cases only
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ineffective, the cost-effectiveness of screening became less
favourable if access to ART was reduced.

DISCUSSION

We evaluated the health outcomes, costs and cost-effectiveness
of voluntary HIV screening and counselling among 15–
49-year-olds in Russia. The costs and benefits of HIV screening
have not been evaluated rigorously in middle-income countries
and, therefore, the value of screening has been uncertain. The
effectiveness and efficiency of HIV screening in Russia is par-
ticularly important because it is prototypic of the epidemics
in Eastern Europe.

Our analysis has three main findings. First, early diagnosis
through screening resulted in a substantial gain in life expect-
ancy and quality-adjusted life expectancy for HIV-infected
individuals. The life expectancy increase of approximately
two years is a large increment and is similar to the gain we
estimated for individuals identified through screening in the
United States.9 Second, one-time screening is cost-effective,
even when prevalence is extremely low, if it is accompanied
by modestly effective counselling to reduce risk behaviour
and at least partial access to ART. Because HIV testing is
inexpensive in Russia, counselling of modest efficacy and
less-than-universal access to ART are sufficient to justify the
costs of screening. Third, as expected, periodic screening is
most cost-effective in high-incidence risk groups.

Basedonourestimateof1.2%HIVprevalence, once-per-lifetime
screening cost $6910 per QALY gained, which is just over half of
Russia’s per capita GDP. WHO guidelines consider interventions
that cost less than the per capita GDP very cost-effective and inter-
ventions that cost less than three times the per capita GDP cost-
effective.23 Screening is very cost-effective because the cost of a
negative HIV test and counselling in Russia are low; counselling
and treatment reduce HIV transmission; and the survival benefit
due to ART is substantial.

UsingWHO guidelines, screening was cost-effective even with
very low prevalence of undiagnosed HIV cases. Disregarding
transmission, screening was cost-effective if prevalence was at
least 0.04%. When transmission-related costs and benefits were
included, once-per-lifetime HIV screening was cost-effective if
prevalence was at least 0.02%. The considerable survival benefit
associated with early identification and treatment resulted in
favourable cost-effectiveness ratios forHIVscreeningat lowpreva-
lence, evenwhen transmission-relatedbenefitswere not taken into
account.

The ideal repeat screening interval varied depending on HIV
incidence, but our findings were robust across a wide range of
incidence. When annual incidence ranged from 0.0375% to
0.15% per year among 15–49-year-old individuals, screening
as frequently as every two years remained cost-effective.
Incidence would need to be at least 0.3% per year for annual
screening to be cost-effective, suggesting that annual screening
could be appropriate for high-risk groups, but would not be an
efficient use of resources for the general population.

Our analysis highlights the critical importance of including
risk-reduction counselling in HIV screening programmes in
Russia. In our base-case analysis, we assumed counselling
reduced risky sexual behaviour by 20% and had no effect on injec-
tion drug-use behaviour. The degree towhich counselling reduces
risky behaviour has a large impact on the cost-effectiveness of
once-per-lifetime and repeat screening because effective counsel-
ling can lead to substantial reductions in HIV transmission.

It is important to note that we analysed voluntary screening.
If serious adverse outcomes relating to HIV diagnosis, such as
discrimination or stigmatization, were to occur, our results
would not be applicable. In addition to ethical considerations,
such consequences could substantially reduce quality of life,
which would make screening less cost-effective, as shown in
our sensitivity analysis.

Our analysis has several limitations. We included only the
benefit from reduced sexual transmission of HIV. Given the
limited availability of needle exchange and the lack of substi-
tution therapy in Russia,2,31,32 we assumed no change in trans-
mission via injection drug use, as a conservative approach.
Should such programmes expand in Russia, HIV screening
would likely become even more cost-effective than we esti-
mated due to additional reduction in transmission.43

In addition, in our analysis, HIV-infected individuals who
did have access to ART could receive up to three ART regimens
aimed at suppressing viral load, followed by lifelong non-
suppressive therapy. Given limited access to ART in Russia, it
is possible that some individuals on treatment will have
access to fewer drug regimens, which could lead to lower life-
time costs as well as fewer benefits. Nonetheless, our findings
were robust to the proportion of patients receiving ART
because screening in Russia is relatively inexpensive and coun-
selling alone can offer substantial transmission benefit.
Therefore, even in the setting of limited ART access, screening
can be an efficient use of resources.

In conclusion, early detection and treatment of HIV in Russia
result in substantial improvements in life expectancy
among infected individuals. Voluntary HIV screening of
15–49-year-olds every two years is cost-effective by WHO
guidelines. Such screening identifies HIV-infected individuals
earlier, providing health benefits to infected individuals and
to the rest of the population due to reduced transmission.
Effective counselling is a key component of both the effective-
ness and cost-effectiveness of these programmes. The health
benefit that we projected for screening will be fully realized
only if HIV-infected individuals do not suffer adverse outcomes
from stigmatization and discrimination.
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