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Abstract
Objective—To estimate HIV incidence in the general population in countries where there have
been two recent household-based HIV prevalence surveys (the Dominican Republic, Mali, Niger,
Tanzania, and Zambia).

Methods—We applied a validated method to estimate HIV incidence using HIV prevalence
measurement in two surveys.

Results—We estimate incidence among men and women aged 15–44 years to be: 0.5/1000
person-years at risk in the Dominican Republic 2002–2007, 1.1/1000 in Mali 2001–2006,
0.6/1000 in Niger 2002–2006, 3.4/1000 in Tanzania 2004–2008, and 11.2/1000 in Zambia 2002–
2007. The groups most at risk in these epidemics are typically 15–24-year-old women and 25–39-
year-old men. Incidence appears to have declined in recent years in all countries, but only
significantly among men in the Dominican Republic and Tanzania and women in Zambia.

Conclusion—Using prevalence measurements to estimate incidence reveals the current level
and age distribution of new infections and the trajectory of the HIV epidemic. This information is
more useful than prevalence data alone and should be used to help determine priorities for
interventions.
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Introduction
HIV surveillance primarily uses measurements of HIV prevalence, although this records the
historic, rather than current, trajectory of the epidemic, and high prevalence among
subpopulations only indicates periods of risk at prior ages. Direct measurements of HIV
incidence would be better for monitoring the course of the epidemic and identifying those
most at risk, but this requires follow-up of large cohorts. Cohort studies [1,2] are expensive
and rare, and the cohorts may not be representative of the country as a whole. Indirect
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measurements of incidence, using assays that discriminate new infections in cross-sectional
surveys, have so far proved unreliable [3,4].

In recent years, an increasing number of household-based surveys [in particular, the
Demographic and Health Surveys (DHS) [5] have tested participants for HIV, generating
prevalence measurements that are broadly representative of the general population [6].
These cross-sectional surveys are typically repeated in countries at 5-year intervals, and
some countries have already had two surveys with HIV testing (and results from others are
due shortly). Previously, we developed a method that uses the HIV prevalence
measurements in two surveys to derive estimates of HIV incidence in the intervening period
[7]. The method was tested using data from community-based cohorts, and the estimates
were found to be in good agreement with direct measurements of incidence [7]. In this
concise communication, we apply our method for estimating incidence to countries where
there have been two household-based surveys with HIV testing and assess whether there is
an evidence of changes in HIV incidence during the past decade.

Methods
Our method for estimating incidence from two cross-sectional measurements of prevalence
has been published elsewhere [7]. Briefly, it is based on the synthetic cohort principle,
whereby we assume that individuals of age a years in the first survey will be represented by
individuals aged a + τ years in the second survey, in which τ is the interval between surveys,
even though the surveys do not include the same individuals. The change in HIV prevalence
among individuals aged a years in the first survey and a + τ years in the second survey can
be attributed to incident infections and AIDS deaths. By finding an approximate value for
the rate of AIDS deaths, based on the observed distribution of survival after infection [8]
(‘Method 2’ in our earlier publication [7]), HIV incidence for that age group can be
estimated. The effects of the increasing availability of antiretroviral therapy are accounted
for in the calculation. We use simple bootstrapping (10 000 iterations) to quantify the error
in the estimates of HIV incidence due to sampling errors in the measurement of prevalence
[9]. Further information and a spreadsheet implementation of the method are available in the
technical appendix.

The countries where there have been two household-based surveys with HIV testing (and
sample sizes for men and women for dataset used) are: the Dominican Republic [2002 (n =
10 708 and 10 732) and 2007 (n = 23 513 and 24 564)], Niger [2002 (n = 2988 and 3062)
and 2006 (n = 2822 and 4374)], Zambia = [2001/2002 (n = 1734 and 2072) and 2007 (n =
4941 and 5502)], Mali [2001 (n = 2596 and 3835) and 2006 (n = 3613 and 4527)], and
Tanzania [2003/2004 (n = 4995 and 5752) and 2007/2008 (n = 6760 and 8077)]. All of these
are standard DHS [5], with the exception of Niger 2002 [10] and Tanzania 2007/2008 [11],
where slightly different survey methods were followed. The age ranges covered by the
surveys varied, but all included men and women aged 15–49 years in both rounds, allowing
a common measurement of incidence among 15–44-year-olds. In the calculation, the interval
between the surveys was taken as the difference between the midpoints of the fieldwork
periods, rounded to the nearest integer.

HIV prevalence data from two surveys provide an estimate of the incidence rate for the
inter-survey period. To assess a temporal trend in incidence, a third survey would be
required, but no country has yet completed three national surveys. An indication of the
temporal trend in incidence is made by comparing the estimates of incidence in the inter-
survey period with those relating to the period before the first survey, which is calculated by
assuming that prevalence was constant in the 5 years preceding the first survey [12]. This
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assumption was checked by inspection of trends in national prevalence estimates [13] (Fig.
S1).

Results
Figure 1 shows the estimates of HIV incidence by age and sex, and Table 1 provides
summary estimates for 15–44-year-olds.

Incidence among 15–24-year-old women is greater than that among men of the same age in
Niger, Tanzania, and Zambia; the difference is greatest in Tanzania, where young women
face nine times the risk of infection of young men. In these countries, the incidence rate
among women decreases sharply with age, and incidence among women aged 25–44 years
is approximately half that among men of the same age. In Tanzania, Mali, the Dominican
Republic, and Zambia, there is a nonsignificant trend towards higher incidence among
women over 40 years compared with women at middle ages. In Mali, men are more likely to
be infected than women at all ages, and this difference strengthens with increasing age.

In all settings except Niger, women face their greatest risk of infection before their 25th
birthday, whereas men face the greatest risk of infection at middle ages (25–39 years).
Broadly, the groups most at risk of infection in Tanzania and Zambia are 15–19-year-old
women and 25–39-year-old men. The groups most at risk of infection in the smaller
epidemics are: 20–29-year-old men (the Dominican Republic), 35–39-year-old men (Niger),
and men of all ages and 15–19-year-old women (Mali).

Comparing the HIV incidence rates for the inter-survey period (roughly 2001/2002–
2006/2007 for all countries, except Tanzania, where it refers to 2004–2008) with the 5-year
period before the first survey suggests that HIV incidence has fallen in all five countries.
Only in the Dominican Republic [incidence rate ratio (IRR) 0.44] and Tanzania (IRR 0.44)
are the declines statistically significant overall (Fig. S4), and the reductions are greatest
among men. In Zambia, there is evidence for incidence declines among women (IRR 0.53)
(Table 1).

Discussion
Prevalence among adult women is typically higher than among adult men in large
generalized epidemics [5], and our analysis reveals how this pattern is generated by very
high rates of incidence among young women, despite much lower rates among older women.
This pattern has also been observed in local community-based cohort studies [19] and is
likely to be due to women being at most risk during early sexual experience, in particular
through casual partnerships with older men [20,21]. The suggestion of an increase in
incidence at older ages (>40 years) has also been identified in cohort studies [19], and it has
been suggested that it is due to widowhood exposing women to the risk of infection as they
form new partnerships [22]. Incidence among the youngest men in the high-prevalence
settings is relatively low but then increases and remains at a higher level at older ages. The
age/sex patterns of incidence in the lower prevalence countries (Dominican Republic, Mali,
and Niger) bear some similarities, but here, the most at-risk groups are generally middle-
aged men not young women.

Our results also indicate substantial reductions in incidence during the current decade in all
countries and significantly in the Dominican Republic and Tanzania, particularly among
men, and among women in Zambia. However, it is not clear whether these changes are
associated with changes in risk behavior or are only part of the natural evolution of the
epidemic [23,24]. To make these calculations, we assumed that prevalence was constant (in
each age group) in the 5 years before the first survey. This normally requires overall
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prevalence to have been stable for several years, which appears to be justified (Fig. S1),
although there are some indications from antenatal clinic prevalence data that incidence
gradually declined in the years before the first survey. If incidence did decline prior to the
first survey, then our estimates of the change in incidence in the inter-survey period could be
exaggerated. Trends in prevalence among 15–24-year-old women at antenatal clinics have
been used as a proxy for trends in incidence [25,26]. In comparison, our approach for
detecting changes in incidence can be related to all ages, and we have found previously that
it is more likely to detect the full extent of changes in incidence [7].

Our estimates of incidence are associated with uncertainty arising from the sampling error in
the prevalence estimates (range indicated by error bars in Fig. 1). Further, in the countries
with smaller epidemics, household surveys could underestimate the true HIV prevalence,
given the concentrations of infection in populations that are not fully captured (e.g. hostels,
brothels, and military/police barracks) [27]. In all settings, nonresponse could also lead to
underestimation of prevalence, although we expect this effect to be small and did not make a
correction for it [27–29]. Nonetheless, if these biases are constant over time, trend
information will be reliable, and despite errors in the absolute level of incidence, the
estimated age distribution of incidence was similar across bootstrap iterations (Fig. S5).

As the incidence estimates at older ages are partly determined by the estimates for younger
ages, the estimates of incidence for ages more than 40 years are the most uncertain (this
factor is not reflected in the error bars). An additional source of uncertainty (not reflected in
the error bars) is the set of assumptions made in the estimation method itself, including the
distribution of survival with time since infection and the age distributions of those receiving
treatment. As the age distribution of those on treatment is not recorded, we have assumed it
follows a similar distribution to the expected AIDS deaths in the year of the survey in the
absence of treatment (as projected in spectrum using time-series of the national estimates of
prevalence [18]). However, this does not reflect how likely individuals are to access
healthcare services. For instance, it may be that there are more young women on treatment
than our assumption implies, as they are more likely to be have been tested for HIV (during
pregnancy). To the extent that we have underestimated the number of individuals on
treatment in a particular age group, the corresponding incidence estimate will be too high.
However, as numbers on treatment are still small compared with the total number of people
infected, and as treatment has not been widely available for long [13–16], resultant errors
are likely to be modest. Our method also does not account for the possibility of different
rates of international migration by HIV status and age, which could introduce bias. Such
information on international migration is not available, but experimentation with the method
suggests that the magnitude of any errors introduced by migration is likely to be small.

Although incidence measured in cohort studies remains the gold standard for accuracy, the
communities studied are small in relation to the nation, and, after several years of intensive
scientific study, may not be generally representative [1,2]. New assays, such as the BED
test, which can detect recent infections have been used to estimate incidence from
household-based sero-surveys [30,31], but due to the uncertain specificity of the test, results
can be misleading [32,33]. The estimates of incidence presented here are based on a
demographic method that makes a number of simplifying assumptions but which has been
shown to reliably estimate incidence in other populations [7]. We, therefore, believe that
these estimates will be of substantial value in monitoring the HIV epidemic in these and
many other countries, as data from more surveys become available.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Estimates of HIV incidence
Estimates are for men (triangles) and women (circles) per 1000 person-years at risk. Error
bars shows 95% bootstrap intervals; bars approaching the zero line indicate that the
observed change in prevalence can be completely ascribed due mortality. Note the
differences in the scales of the vertical axes.
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Table 1

Estimates of HIV incidence (15–44 years).

Estimate
(/1000person-years)

95% Bootstrap
interval

IRR (15–24 s
women: men)a

IRR (25–44 s
women: men)b

IRR
(5 years)c

Low-prevalence countries

 Dominican Republic [0.8%] 2002–2007

  Overall 0.49 0.13 1.04 0.98 0.94 0.44

  Men 0.50 0.15 1.05 0.38

  Women 0.48 0.11 1.02 0.52

 Mali [1.2%] 2001–2006

  Overall 1.14 0.23 2.65 0.85 0.23 0.59

  Men 1.47 0.32 2.91 0.86

  Women 0.78 0.13 2.37 0.36

 Niger [0.7%] 2002–2006

  Overall 0.58 0.01 2.14 2.74 0.41 0.47

  Men 0.69 0.02 2.49 0.62

  Women 0.47 0.00 1.79 0.35

High-prevalence countries

 Tanzania [7.0%] 2004–2008

  Overall 3.37 1.52 6.42 9.33 0.50 0.44

  Men 2.36 0.75 5.22 0.34

  Women 4.42 2.32 7.65 0.53

 Zambia [15.6%] 2002–2007

  Overall 11.22 6.60 16.52 1.38 0.52 0.64

  Men 11.34 6.66 16.26 0.80

  Women 11.07 6.54 16.81 0.53

Estimates are per 1000 person-years at risk and weighted by the number susceptible in the population. Values in square brackets show the HIV
prevalence among adults of 15–49 years in the most recent survey. IRR, incidence rate ratio.

a
IRR (15–24 s women: men) is the ratio of incidence among 15–24-year-old women in the intersurvey period, compared with men of the same age.

b
IRR (25–44 s women: men) is the ratio of incidence among 25–44-year-old women in the intersurvey period, compared with men of the same age.

c
IRR (5 years) is the ratio of incidence among 15–44-year-olds in the intersurvey period, compared with incidence in the 5 years before the first

year (assuming constant prevalence). Values underlined indicate that the corresponding 95% bootstrap interval did not include 1.0.
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