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Abstract
Background: Many national antenatal clinics (ANC) based HIV surveillance systems in sub-
Saharan Africa have limited coverage of remote rural sites, a weakness that compromises adequate
estimation, monitoring and development of effective preventive and care programmes. To address
this void in rural Manyara and Singida within Northern Tanzania, we conducted antenatal clinic-
based sentinel surveillance.

Methods: We consecutively enrolled 1377 counselled and consenting pregnant women attending
ANC clinics for the first time during the current pregnancy. The study was conducted in six
antenatal clinics, within three divisions of rural Manyara and Singida regions in 2003/2004.
Interviews were conducted and blood samples for routine purposes were collected and tested for
anti-HIV IgG antibody anonymously, using Bionor HIV-1 & 2 assay ®.

Results: Among enrolees, 94% (1296/1377) participated fully. The overall prevalence of HIV was
2.0% (95%CI: 1.34–2.97). The highest HIV prevalence was among women aged between 15–19
years in both rural and remote rural populations. The odds of HIV infection was 4.3 (95%CI: 1.42–
12.77) times among women reporting more than one lifetime sexual partners compared with those
with one partner. HIV infection was associated with history of genital sores or foul smelling
discharge, OR 6.8 (95%CI: 2.78–16.66) and age at first pregnancy (2.5 times higher likelihood of
infection if before the age of 18 years versus at a later age).

Conclusion: Including rural remote sites, as part of the national ANC routine surveillance, is
crucial in order to discover imminent silent epidemics such as the one described in this paper.
Scaling up HIV prevention efforts is mandatory to prevent the imminent escalation of the HIV
epidemic highly associated with a history of sexually transmitted infections (STIs), multiple sexual
partners and pregnancies at a younger age. Ignorance of relevant knowledge and low utilisation of
condoms underscores the urgency for large-scale preventive efforts. Research to capture a wider
representation of the risk factors in the general population should be a priority to enable further
customised HIV prevention efforts.
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Background
Surveillance of human immunodeficiency virus (HIV)
infection among pregnant women attending antenatal
care clinics (ANC) has been the mainstay system of mon-
itoring of HIV epidemic in most countries of sub-Saharan
Africa [1-5]. Several studies from the 1990s showed that
ANC based prevalence estimates approximated preva-
lence levels in the population of men and women aged
15–49 years [6-10]. However, the validity of prevalence
estimates based on national ANC surveillance systems
will depend on how accurately the selected sentinel sites
represent the whole population [11]. In many resource-
constrained countries, the quality of surveillance had
been questionable for various reasons. It is common to
find an uneven distribution of sentinel surveillance
favouring sites mostly in urban and semi-urban areas
[12,13]. This has led to limited surveillance information
from rural areas, especially those that are inaccessible due
to difficult terrain and lack of roads, and where literacy
levels are generally low. These scenarios complicate
attempts to determine the real magnitude and trends of
HIV infection in different population groups, and make it
difficult to develop appropriate preventive and control
measures.

Very difficult terrain, poor roads and infrastructure, lim-
ited health facilities, and low literacy and socio-economic
levels characterise the rural areas of Manyara and Singida
regions within northern Tanzania. Since 1955, one of the
main health providers of these rural settings has been the
Haydom Lutheran Hospital (HLH), which is a 400- bed
hospital owned by the Evangelical Lutheran Church of
Tanzania (ELCT). The hospital works closely with
national, regional and local government and health
authorities, and offers its services within the national
health plan, using national guidelines.

In September 2002, the Haydom Lutheran Hospital, with
funding from the Royal Norwegian Embassy in Dar es
Salaam, Tanzania, initiated a multi-sectoral collaboration
for a comprehensive HIV prevention-intervention pro-
gram. The project aimed to reduce the risk of HIV trans-
mission; vulnerability of HIV infected persons and impact
of HIV in the catchment area [14].

Generating local knowledge on the epidemiological con-
text of HIV infection is of critical importance to plan inter-
ventions in the area. We present results from the antenatal
clinic-based sentinel surveillance from various rural sites
in Manyara and Singida regions in 2003/2004.

Methods
Study area
We conducted this study from November 2003 to April
2004 within the catchment area of the Haydom Lutheran

Hospital (HLH), located in Mbulu district of Manyara
region within Northern Tanzania. The area constitutes
three administrative divisions in the rural areas of two
regions of Manyara and Singida. In Manyara region, we
included two divisions, namely Dongobesh division from
Mbulu district and Basotu division from Hanang district.
From Singida region, Nduguti division from Iramba dis-
trict was included in the study. Based on the 2002 census
[15], with extrapolation to 2003 of 3.8% annual growth
for Manyara Region and 2.3% annual growth for Singida
region, the three rural divisions had a total population of
259,292 persons.

In the study area, all four main language groups of East
Africa are represented. The Iraqw (Cushitic), Datoga
(Nilotic), and Iramba (Bantu) are the largest groups,
although the commonly spoken language is Kiswahili.

The main economic activities in the area are subsistence
farming and pastoralism. The HLH provides the main
hospital level health care in the area.

Sampling
Geographical stratification of the area into two strata
(remote rural and rural) for each division (smaller units of
a district) enabled us to conveniently sample two sentinel
sites from each division, one from remote rural and one
rural site. Six sentinel sites (three from remote rural and
three from rural) within the three divisions were included
in the study. The three rural clinics were the HLH clinic,
the Nduguti Dispensary (government) and the Basotu
Dispensary (government). From the remote rural areas,
we had two HLH owned outreach clinics from Muslur
(Dongobesh division) and Dangayda (Basotu division)
and the Roman Catholic owned Mwanga Dispensary
(Nduguti division). The selected sentinel sites provided
adequate sample size and representative pregnant women
within the catchment area based on sample size estimates
[16]. We defined a "rural" residential area in this study as
villages within the catchment area with more than two
general utility shops and an established health facility.
While "remote rural" villages are those found in the
remote difficult terrain. Usually, these remote areas lack
established health facilities or utility shops. Residents
from remote rural areas have to travel by foot at least an
average of 3 hours to get basic health services and at least
7 hours to the nearest hospital [17].

Sample size
The sample size was estimate based on Statcal calculation
of Epi Info computer package for descriptive studies ver-
sion 6 [18]. Using the hospital based population preva-
lence of 2% [14], an estimate of 1000 pregnant women
was considered adequate to detect the prevalence of HIV.
We used the expected prevalence of 2% and worst accept-
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able prevalence of 0.98% at 95% confidence interval
width of 1–3 [11]. Each of the six clinics was supposed to
enrol a minimum of 167 pregnant women.

Participants
The criteria for selecting pregnant women included all
pregnant women aged between 15–49 years attending the
ANC clinic for the first time during the current pregnancy
during the surveillance period [11]. Routine investiga-
tions for first time visits in these clinics, necessitates blood
withdrawal. The exclusion criteria included pregnant
women who had previously visited the clinic during the
surveillance period, and those aged less than 15 years or
over 49 years. Voluntary counselling and testing (VCT) for
HIV among pregnant women has been routinely inte-
grated into the reproductive and child health (RCH) clin-
ics as part of the prevention of mother to child
transmission (PMTCT) of HIV [19]. This routine is for
hospitals designated to provide anti-retroviral treatment.
We consecutively enrolled all counselled and consenting
pregnant women attending antenatal clinics for the first
time during the current pregnancy within the catchment
area from November 2003 to April 2004.

Ethical issues and investigations
Both the Norwegian National Committee for Medical
Research Ethics and the Tanzanian based National Insti-
tute for Medical Research (NIMR) gave ethical approval.
Respective health and government authorities at regional
and district level received copies of the ethical approval, as
required for the implementation of the study. At the indi-
vidual level, an oral informed consent was sought after
detailed explanation of the purpose and benefits of sur-
veillance for participation in the research only. It seemed
necessary to reveal the establishment of the PMTCT unit at
the hospital and its potential benefits unrelated to refusal
or participation in the research.

Data collection tools and testing
Questionnaires used for interviews had been translated
into Swahili and translated back to English again to con-
firm their meaning. Information collected included basic
demographic details and knowledge on HIV modes of
transmission. Respondents were asked to agree or disagree
with 10 statements regarding HIV related knowledge
based on the protective effect of condoms, VCT and
PMTCT, including main modes of infection and risky
behaviour. An index was developed to sum up the scores
of each statement, thus each correct response scored "one"
and the highest score was 10. It was necessary and func-
tional to collaborate with the hospital PMTCT team. The
PMTCT team performed counselling and registered names
with codes. They provided the codes for questionnaires
and kept the identifiers from the research team for
research purposes. The research team conducted inter-

views to consenting and counselled women using the
codes. Screening for anti-HIV IgG antibody was per-
formed anonymously for all blood samples collected for
routine syphilis testing using Bionor HIV-1 & 2 assay®

(BIONOR AS, Skien, Norway). Ice coolers were used to
pack blood collected at ANC clinics and transported to the
HLH laboratory for testing. Bionor HIV 1& 2 assay ® con-
firmatory test was used to confirm all samples that tested
positive on screening. We linked the results of the test
back to questionnaires using codes, but identities of indi-
viduals remained anonymous to the research team. Posi-
tively confirmed results by codes were submitted to the
PMTCT team, which proceeded with the required proce-
dures for PMTCT as required by the national HIV treat-
ment guidelines [19].

Statistical analysis
Statistical analysis utilised STATA 8.0 [20]. Chi-square test
was used to test bivariate associations for categorical asso-
ciations of HIV infection and other associated factors.
Where appropriate, we used Fisher's exact test. A logistic
regression model was used to explore the association of
socio-demographic and other variables with HIV infec-
tion.

Variables with p-values < 0.25 on univariate analysis and
after assessment of co-linearity were included in the mul-
tivariable model [21]. Variables included in the full mul-
tivariable model that were not significant were dropped
after assessment of interaction. We did not find any inter-
action terms and the final reduced model was adjusted for
age and residential area. These were history of genital
sores and discharge, contraceptive use, number of sexual
partners, age at first pregnancy, ever VCT and ever-used
condom. We present odds ratios (OR), and 95% confi-
dence interval (CI) for factors associated with HIV infec-
tion.

Results
By the end of the surveillance period, 1377 pregnant
women aged between 15 to 49 years were included. Of
these, 41% were from remote hard to reach areas and the
rest from other rural stratum. Among those enrolled, 4%
(58/1377) refused to give blood for syphilis testing
despite counselling and 2% (25/1377) of the blood sam-
ples were haemolysed before testing resulting in a partici-
pation of 94% (1296/1377). Examination of socio-
demographic characteristics did not disclose significant
differences between the participants and those who
refused HIV testing.

The mean age of the studied population was 26.3 (SD ±
6.09) Table 1 presents general characteristics of the study
population. The prevalence of HIV was 2.0% (95%CI:
1.24–2.76). Pregnant women residing in the rural areas
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were twice as likely to be HIV positive compared with
those from remote rural areas; OR 2.0 (95% CI: 0.85–
4.90). HIV prevalence was relatively higher at all ages in
rural areas compared to remote areas (see Figure 1) The
age group 15–24 years constituted 50% of those infected
and HIV prevalence tended to be negatively associated
with age.

We found no statistically significant association between
HIV infection and level of education, but the prevalence
tended to be higher among the group with no education

compared with those educated. Regarding HIV related
knowledge, 88.8% (n = 1151) of the study population
scored below five on the index, and considered to lack
adequate knowledge on the general modes of HIV trans-
mission and prevention. The proportions of this knowl-
edge deficit are similar for both areas, remote rural and
rural. However, this lack of knowledge increased the like-
lihood of HIV infection 1 and a half times more OR 1.5
(95%CI: 0.49–4.29), though this was not statistically sig-
nificant.

Table 1: Socio-demographic characteristics among HIV tested antenatal attendees, rural Manyara and Singida regions, Tanzania, 
2003–2004.

Total n (%) Remote rural n (%) Rural n (%)

Total 1296 553 (42.67) 743 (57.33)

Age groups
15–19 years 165 (12.7) 56 (10.1) 109 (14.7)
20–24 years 417 (32.2) 182 (32.9) 235 (31.6)
25–29 years 349 (26.9) 151 (27.3) 198 (26.7)
≥30 years 365 (28.2) 164 (29.7) 201 (27.1)
Duration of stay
> 1 year 1197 (92.4) 534 (96.6) 663 (89.2)
< 1 year 99 (7.6) 19 (3.4) 80 (10.8)
Marital status
Married 1183 (91.3) 525 (94.9) 658 (88.6)
Separated/divorced/widowed/single 113 (8.7) 28 (5.1) 85 (11.4)
Age when married
Never married 93 (7.2) 19 (3.4) 74 (10.0)
< 18 years 203 (15.7) 95 (17.2) 108 (14.5)
≥18 years 1000 (77.1) 439 (79.4) 561 (75.5)
Religion
Christians 999 (77.1) 414 (74.9) 585 (78.7)
Muslims 153 (11.8) 77 (13.9) 76 (10.2)
Others 144 (11.1) 62 (11.2) 82 (11.0)
Education years
None 349 (28.2) 156 (28.2) 193 (26.0)
< 7 years 174 (13.4) 78 (14.1) 96 (12.9)
7 years or more 773 (59.7) 319 (57.7) 454 (61.1)
Income
Yes 204 (15.7) 38 (6.9) 166 (22.3)
No 1087 (83.9) 512 (93.1) 575 (77.7)
Ever used condom
No 1233 (95.1) 532 (96.2) 701 (94.4)
Yes 63 (4.9) 21 (3.8) 42 (5.7)
Lifetime sexual partners (n)
One 1231 (95.0) 525 (94.9) 706 (95.0)
More than one 65 (5.0) 28 (5.1) 37 (5.0)
Ever VCT
No 891 (68.8) 376 (68.0) 515 (69.3)
Yes 405 (31.3) 177 (32.0) 228 (30.7)
Age at first pregnancy*
< 18 years 158 (14.0) 73 (13.2) 85 (11.4)
≥18 years 974 (86.0) 424 (76.7) 550 (74.0)
HIV related knowledge
No 1153 (88.8) 489 (88.4) 662 (89.1)
Yes 145 (11.2) 64 (11.6) 81 (10.9)

* Analysed for women aged ≥20 years at the time of survey.
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Factors associated with HIV infection on univariate 
analysis
On univariate analysis, HIV infection was significantly
associated with the number of lifetime husbands/sexual
partners; OR 4.8 (95%CI: 1.75–13.17) and polygynous
relationships (Fisher's exact test, p < 0.01) that character-
ise the majority of relationships 99% (1289/1296).
Women who reported more than one lifetime sexual part-
ner, had an HIV prevalence of 7.7% and had 4.8 times
likelihood of being HIV infected, compared to those
reporting one partner only. Women who had been using
contraceptives of any kind, were more likely to be HIV
infected; OR 2.8 (95%CI: 1.25–6.48) compared to non-
users (Table 2). HIV infection was highly associated with
first pregnancies at ages below 18 years compared to first
pregnancies at ages above 18 years. A history of either gen-
ital sore or foul smelling genital discharge increased the
odds of HIV infection by 4.6; OR 4.6 (95%CI: 2.06–
10.39). Women, who had ever received voluntary coun-
selling and testing, were twice more likely to be HIV
infected; OR 2.6 (95%CI: 1.20–5.72). Single, divorced or
separated women had 1.9 odds of being HIV infected but
not significantly; OR 1.9 (95%CI: 0.65–5.72). Women
who had ever used a condom were more likely to be HIV
infected, OR 3.7 (95%CI: 1.25–11.18) compared to those
who have never used condoms.

Factors associated with HIV infection on multivariate 
analysis
HIV remained significantly associated with more than one
of lifetime sexual partners OR 4.3 (95%CI: 1.42–12.77)
and history of genital discharge or sore, OR 6.8 (95%CI:
2.78–16.66). In addition, women who had their first
pregnancy at 18 years or older were less likely to be HIV

infected compared to those being pregnant for the first
time at less than 18 years OR 0.3 (95%CI: 0.13–0.89).

Discussion
This study provides a comprehensive sentinel surveillance
of HIV in these very remote rural regions of Manyara and
Singida in Northern Tanzania. The HIV prevalence for the
area was 2.0% with a rural: remote rural ratio of two.
Compared to other rural areas in Tanzania, this preva-
lence is relatively low. For example in Mbeya region, the
ANC-based prevalence in 2002 was 13.5% and 23.3% in
Isoko and Itete, both being rural areas respectively,
whereas in rural Moshi it was 16.6% [22]. However, there
were signs indicating that the HIV incidence might be
increasing in the area. First, epidemics on the increase will
tend to show a negative association between age and
infection. A second indication was the findings from hos-
pital-based screening of HIV infection done in the main
antenatal clinics in the same region in 1995/96 and 1999.
These showed a prevalence of 0.3% [(95%CI: 0.04–1.1),
(n = 2/733)] and 0.4% [95%CI: 0.07–1.7), (n = 2/467)],
respectively [23]. A reflection of the relatively general low
exposure to sources of infection rather than absence of
risks factors that are also evident elsewhere [24]. This area
had limited accessibility in the last decade, due to poor
infrastructure, hence less traffic and reduced mobility
[23]. This might have been among the factors that limited
the sources and spread of infection. However, the situa-
tion is now changing with improvements in roads,
increase in trade and mobility, which in turn may escalate
the spread of HIV infection in these communities [25].

It is likely that the rural area with a relatively higher HIV
prevalence presents marked current changes compared to
the remote area.

This study included all pregnant women from all divi-
sions that fall within the geographical boundaries of the
catchment area. Though documented that in Tanzania,
that 98% of pregnant women receive antenatal care [26],
some areas lacked established clinics. In order to address
this void, planned monthly outreach reproductive and
child health (RCH) clinics from HLH and government
RCH clinics take place throughout the year. Thus, biases
due to non- attendance are likely to be minimal, owing to
the placement and coverage of clinics, and absence of pri-
vate clinics in the area. However, as these clinics are also
entry points for PMTCT, VCT is mandatory in order to be
tested, and this introduces potential selection bias since it
requires consent. This might over-estimate the HIV preva-
lence among pregnant women since pregnant women per-
ceiving themselves to be HIV infected from neighbouring
areas outside the catchment area, might seek health serv-
ices from this locality to benefit from the PMTCT interven-
tion. Under-estimation is also a possibility since such

Age – specific HIV prevalence among antenatal attendees in Rural Manyara and Singida regions, Tanzania, 2003–2004Figure 1
Age – specific HIV prevalence among antenatal attendees in 
Rural Manyara and Singida regions, Tanzania, 2003–2004.
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women might also avoid such clinics for fear of confirm-
ing their HIV status regardless of the benefits. Neverthe-
less, recent studies have shown it is possible to estimate
HIV prevalence data from PMTCT sites [27-29] with max-
imum coverage of clinics within localised areas, albeit
with caution to the inherent biases.

Sample size estimates used hospital based HIV prevalence
as a proxy, which might not be appropriate for subgroup
analysis. However, this provided the best recent proxy
estimate because the only previous ANC estimate was five

years before the present study. In addition, the assump-
tion was that "unlinked ANC HIV prevalence data" might
represent the general population. Since the HLH is the
main health care provider at hospital level in the area, HIV
prevalence at hospital level might reflect the general pop-
ulation prevalence [30].

The lower number of the dependent variable, HIV posi-
tive, might have compromised the study findings in rela-
tion to the risks associated with HIV. In this respect, the
associated risk factors were subject to random error, as

Table 2: Profiles of antenatal attendees, associated with HIV infection, rural Manyara and Singida within northern Tanzania, 2003–
2004.

Characteristics N (%) HIV prevalence % 
(95%CI)

Crude OR (95%CI) Age-adjusted OR 
(95%CI)

Adjusted for other 
OR (95%CI)

Total 1296 26 (2.0: 1.34–2.97)
Age groups
15–19 years 165 (12.7) 3.03 (1.12–7.30) 1.0 - 1.0
20–24 years 417 (32.2) 1.92 (0.89–3.40) 0.6 (0.20–1.94) 0.7 (0.20–2.47)
25–29 years 349 (26.9) 1.43 (0.53–3.51) 0.5 (0.13–1.63) 0.6 (0.14–2.30)
≥30 years 365 (28.2) 2.19 (1.02–4.44) 0.7 (0.23–2.23) 0.7 (0.20–2.78)
Residence
Remote rural 553 (42.7) 1.3 (0.56–2.71) 1.0 1.0 1.0
Rural 743 (57.3) 2.6 (1.59–4.04) 2.1 (0.85–4.90) 2.0 (0.84–4.87) 2.4 (0.95–6.18)
Marital status
Married 1183 (91.3) 1.9 (1.20–2.85) 1.0 1.0 1.0
Single/divorced/
separated

113 (8.7) 3.5 (1.14–9.35) 1.9 (0.65–5.72) 1.8 (0.55–5.57) 1.3 (0.35–4.72)

Education (years)
None 349 (28.2) 3.24 (1.67–5.73) 1.0 1.0 1.0
1–6 years 174 (13.4) 1.15 (0.20–4.52) 0.4 (0.08–1.63) 0.4 (0.08–1.61) 0.3 (0.68–1.64)
7 years or more 773 (59.7) 1.71 (0.96–2.99) 0.5 (0.23–1.19) 0.5 (0.23–1.19) 0.5 (0.20–1.14)
Number of husbands/sexual partners†
1 only 1231 (95.0) 1.7 (1.11–2.69) 1.0 1.0 1.0
> 1 65 (5.0) 7.7 (2.87–17.75) 4.8(1.75–13.17) 5.4(1.91–15.43) 4.3 (1.42–12.77)
Age at first pregnancy β†
< 18 years 158 (14.0) 4.4 (1.20–4.40) 1.0 1.0 1.0
≥18 years 974 (86.0) 1.5 (0.71–2.19) 0.3 (0.13–0.72) 0.3(0.12–0.79) 0.3 (0.13–0.89)
Use of contraceptives
No 1088 (84.0) 1.6 (0.94–2.54) 1.0 1.0 1.0
Yes 208 (16.0) 4.3 (2.13–8.32) 2.8 (1.25–6.48) 2.9(1.27–6.61) 2.1 (0.79–5.71)
HIV related knowledge
No 1151(88.8) 1.91 (1.11–2.69) 1.0 1.0 1.0
Yes 145 (11.2) 2.76 (0.09–5.43) 1.5 (0.49–4.29) 0.9 (0.91–1.04) 1.8 (0.59–5.56)
History of genital sore or foul genital discharge†
No 1135 (87.6) 1.7 (1.04–2.65) 1.0 1.0 1.0
Yes 161 (12.4) 6.2 (3.19–11.44) 4.6 (2.06–10.39) 4.8(2.14–10.90) 6.8 (2.78–16.66)
Ever used condom
No 1233 (95.1) 1.9 (1.15–2.74) 1.0 1.0 1.0
Yes 63 (4.9) 6.4 (2.05–16.25) 3.7 (1.25–11.18) 3.6 (1.18–11.07) 3.2 (0.87–12.06)
Ever used VCT services
No 891 (68.8) 1.3 (0.73–2.41) 1.0 1.0 1.0
Yes 405 (31.2) 3.5 (1.98–5.87) 2.6 (1.20–5.72) 2.6 (1.2–5.72) (0.72–4.43)

β Analysed for those aged 20 ≥ years at the time of survey,
† Variables included in the final model.
Likelihood-ratio-test (assuming reduced model nested in full model): x2(5) = 4.52, P = 0.48
Logistic model for HIV, goodness-of-fit test; x2(35) = 31.33, P = 0.64 and predictive power of the model = 78% [45]
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reflected by the large confidence intervals around the
point estimates. Thus, they reduced the ability to obtain
significant statistical results with some of the variables.

We cannot assume that the findings of this study can be
generalised to other rural areas elsewhere. Though the
study represents a rural setting, where the majority of the
population is less educated, with no stable income, cul-
tural and traditional customs prevail.

The estimated prevalence might reflect the prevalence in
the general population within the catchment area, as
shown by validations of the ANC-based and population-
based estimates [6,9,10]. These validations have been
showing an overestimation of the prevalence among
younger women and underestimation in older age group.
Nevertheless, the HIV epidemic has been shown to be het-
erogeneous in terms of intensity, pace and impact within
sub-regions [31]. Similar patterns may be found within
different areas of the same country (8, 22, 31). Thus, local
monitoring may reveal inherent patterns that can be opti-
mised for preventive strategies.

There have been mixed conclusions on the risk of HIV
with educational attainment, but most studies from sub-
Saharan Africa have shown increased schooling to be
associated with increased risk of HIV [7,9,32]. Studies that
are more recent however, have indicated that this associa-
tion changed direction in the 1990s. In young people, the
likelihood of infection was higher in those with little edu-
cation compared to those with more education
[7,9,32,33]. The HIV prevalence tended to decline with
educational attainment in our data. Women with an edu-
cation of more than seven years have lower parity com-
pared to those with less years of schooling in this setting,
confirming less number of children with higher educa-
tional attainment, but not with increased odds of HIV
infection.

The effect of reduced fertility because of HIV in an area of
low prevalence is likely to be minimal since these are
recent infections. The situation might change with time as
the epidemic matures in this setting. However, its direc-
tion is uncertain, as educational data from antenatal clin-
ics are prone to bias due to attendance influence by
fertility and educational attainment. The general deficit in
HIV related knowledge is not surprising since HIV related
preventive services in the local area were introduced just
recently as part of the larger preventive programme.

History of either genital sores or foul smelling genital dis-
charge was found to be significantly associated with HIV
in this study, OR 6.8 (95%CI: 2.78–16.66). This is in
accordance with other studies [34,35]. Prevalent STIs
enhance HIV transmission by increasing susceptibility

through compromising mucosal integrity [35]. We are
inclined to consider high prevalence of ulcerative STIs
such as chancroid, syphilis and herpes simplex virus 2
[35-37], due to their greater disruption of genital mucosa.
The effects of STI control have been suggested to be bene-
ficial at the beginning of an HIV epidemic in other studies
[38,39]. This is a strategy also applied in this local setting
to prevent the spread of HIV

Women who reported more than one lifetime sexual part-
ner had four times likelihood of being HIV positive, OR
4.3 (95%CI: 1.42–12.77). Few women (5%) report more
than one lifetime sexual partner. The general tendency of
women under-reporting sexual partners has been reported
by many and elsewhere in Tanzania [40].

Women aged above 20 years who had their first pregnancy
at ages younger than 18 years, have a higher HIV preva-
lence (4.4% CI: 1.20–4.40) compared to those who have
their first pregnancy at ages above 18 years (1.5% CI:
0.13–0.72). However, the proportions of early pregnan-
cies of these women are similar to the current teenage
pregnancies in the study 12.7% (164/1296). Pregnancies
before 18 years of age indicate a younger sexual debut,
which has been associated with increased risk of HIV
infection [41-43].

Our findings suggest early pregnancies are common in
this area at similar proportions in both remote and rural
clinics, yet the HIV prevalence had remained relatively
low compared to other rural areas in Tanzania [44].

In conclusion, scaling up HIV prevention efforts is man-
datory in order to prevent the imminent escalation of the
HIV epidemic highly associated with history of STIs, mul-
tiple sexual partners and pregnancies at younger age. The
observed low level of HIV related knowledge and the fact
that few had ever used a condom underscores the urgency
for large-scale HIV related programmes. Including remote
rural sites as part of routine ANC surveillance is crucial in
order to discover imminent silent epidemics such as the
one described in this paper. Establishing quality surveil-
lance among pregnant women will allow monitoring of
trends and prevent infections to new-borns. Population-
based household surveys, behavioural surveillance and
relevant social studies would also be necessary. This will
allow a wider representation of the risk factors and local
context of HIV in the general population (including men
and women) to enable customised HIV prevention.

Competing interests
The author(s) declare that they have no competing inter-
ests.
Page 7 of 9
(page number not for citation purposes)



BMC Public Health 2006, 6:109 http://www.biomedcentral.com/1471-2458/6/109
Authors' contributions
All authors contributed to the paper. All authors con-
ceived the study. The first author conducted the study. B.E.
Olsen and M. I. Matee supervised the research. K. I. Yahya-
Malima and K Fylkesnes led the analysis. All authors
helped to conceptualise ideas, interpret the findings and
reviewed drafts of the manuscript.

Acknowledgements
We would like to acknowledge the Gender Generation and Communica-
tion in these times of AIDS project (GeGCA), Bergen, Norway and the 
Centre for International Health, University of Bergen, Norway for funding 
this study. GeGCA is a collaborative project by the University of Bergen, 
and Faculty of Nursing, Muhimbili University College of Health Sciences, 
Dar es Salaam, Tanzania, funded by the Norwegian Council for Higher Edu-
cation's Programme for Development Research (NUFU). Sincere apprecia-
tion to Astrid Blystad of GeGCA, Bergen, and Carol Holm Hansen of the 
Institute of Public Health, Oslo, Norway for their initial efforts in this work. 
We thank the regional and district authorities of Manyara and Singida 
regions in Northern Tanzania, the local government reproductive and child 
health (RCH) co-ordinators and their staff in the antenatal clinics of Ndug-
uti and Basotu. In addition, we thank the administration and staff of Mwanga 
Dispensary. We also thank the Haydom Lutheran Hospital, with its admin-
istration, staff, RCH coordinator and RCH staff. Special acknowledgement 
is due to the former medical director of Haydom Lutheran Hospital, the 
Late Dr. Ole Halgrim Evjen Olsen and Mrs. Kari Olsen for their invaluable 
assistance. We are particularly thankful for the great assistance provided by 
the chairperson of the Haydom HIV prevention committee (HAVACOP), 
Mr Hosea Naman and the former secretary Ms Barbara Robertson and the 
rest of its staff. We would also like to acknowledge the tireless efforts of 
the field assistants, the laboratory staff, data entry clerks and Tobias The-
ophil, the driver.

References
1. World Health Organisation (WHO): Sentinel surveillance for

HIV infection. Geneva, Switzerland.  World Health Organisa-
tion; (WHO/GPA/DIR/88.8); 1988. 

2. Chin J: Public health surveillance of AIDS and HIV infections.
Bull World Health Organ 1990, 68(5):529-536.

3. Tarantola D, Schwartlander B: HIV/AIDS epidemics in sub-Saha-
ran Africa: dynamism, diversity and discrete declines?  Aids
1997, 11(Suppl B):S5-21.

4. UNAIDS: Report on the global HIV/AIDS epidemic, June
2000.  Geneva, Switzerland: United Nations Joint Programme on
HIV/AIDS; 2000. 

5. Walker N, Stanecki KA, Brown T, Stover J, Lazzari S, Garcia-Calleja
JM, Schwartlander B, Ghys PD: Methods and procedures for esti-
mating HIV/AIDS and its impact: the UNAIDS/WHO esti-
mates for the end of 2001.  Aids 2003, 17(15):2215-2225.

6. Kwesigabo G, Killewo JZ, Sandstrom A: Sentinel surveillance and
cross sectional survey on HIV infection prevalence: a com-
parative study.  East Afr Med J 1996, 73(5):298-302.

7. Fylkesnes K, Ndhlovu Z, Kasumba K, Mubanga Musonda R, Sichone
M: Studying dynamics of the HIV epidemic: population-based
data compared with sentinel surveillance in Zambia.  AIDS
1998, 12(10):1227-1234.

8. Kwesigabo G, Killewo JZ, Urassa W, Mbena E, Mhalu F, Lugalla JL,
Godoy C, Biberfeld G, Emmelin M, Wall S, Sandstrom A: Monitoring
of HIV-1 infection prevalence and trends in the general pop-
ulation using pregnant women as a sentinel population: 9
years experience from the Kagera region of Tanzania.  J Acquir
Immune Defic Syndr 2000, 23(5):410-417.

9. Fylkesnes K, Musonda RM, Sichone M, Ndhlovu Z, Tembo F, Monze
M: Declining HIV prevalence and risk behaviours in Zambia:
evidence from surveillance and population-based surveys.
Aids 2001, 15(7):907-916.

10. Changalucha J, Grosskurth H, Mwita W, Todd J, Ross D, Mayaud P,
Mahamoud A, Klokke A, Mosha F, Hayes R, Mabey D: Comparison
of HIV prevalences in community-based and antenatal clinic
surveys in rural Mwanza, Tanzania.  Aids 2002, 16(4):661-665.

11. UNAIDS/WHO: Reconciling antenatal clinic-based surveil-
lance and population-based survey estimates of HIV preva-
lence in sub-Saharan Africa.  Geneva, Switzerland: WHO,
UNAIDS; 2003. 

12. United Republic of Tanzania; Epidemiological fact sheets on
HIV/AIDS and sexually transmitted infections 2002 update.  .

13. World Health Organisation (WHO): HIV/AIDS surveillance in
Africa.  Harare, Zimbabwe: World health Organisation: Regional
Office for Africa; 2000. 

14. Haydom Lutheran Hospital: HIV/AIDS policy outline: Risk, vul-
nerability and impact. Integrating modern and traditional
strategies.  Hanang: Haydom Lutheran Hospital; 2003:6-8. 

15. Census cartographic   [http://www.tanzania.go.tz/census/
tables.htm]

16. Fleiss J: Statistical methods for rates and proportions.  2nd edi-
tion. John Wiley and sons, Inc. New York; 1981. 

17. Olsen BE: Motherhood – A Hazardous endeavour: Maternal
deaths and urinary tract infections in pregnancy in rural
northern Tanzania.  In Doctoral thesis Bergen: University of Bergen;
2002. 

18. UNAIDS/WHO: Guidelines on Second Generation Surveil-
lance of HIV infection. WHO/CDS/CSR/EDC/
2000.5;UNAIDS/00.03E.  Geneva: World Health Organisation;
2002. 

19. Ministry of Health: National guidelines for clinical management
of HIV/AIDS.  In Dar es Salaam Tanzania: National AIDS Control
Programme (NACP); 2002. 

20. StataCorp: Stata Statistical Software.  In Release 8.0. College Sta-
tion TX: Stata Corporation; 2003. 

21. Hosmer DW, Lemeshow S: Applied logistic regression.  2nd edi-
tion. Massachusetts: John Wiley & Sons, Inc; 2000. 

22. Swai R, Somi G, Kwesigabo G, et al.: HIV/AIDS/STD Surveillance,
Report No 17, December 2002.  In Dar es Salaam: Epidemiology
Unit, NACP Ministry of Health, Tanzania Mainland, Issued September
2003. 

23. Hinderaker SG, Kruger C, Olsen BE, Naman N, Bergsjo P, Olsen OH:
Low HIV-seroprevalence in pregnant women in a rural area
in Tanzania.  Acta Obstet Gynecol Scand 2001, 80(12):1152-1153.

24. Malamba SS, Wagner HU, Maude G, Okongo M, Nunn AJ, Kengeya-
Kayondo JF, Mulder DW: Risk factors for HIV-1 infection in
adults in a rural Ugandan community: a case-control study.
Aids 1994, 8(2):253-257.

25. Bloom SS, Urassa M, Isingo R, Ng'weshemi J, Boerma JT: Commu-
nity effects on the risk of HIV infection in rural Tanzania.  Sex
Transm Infect 2002, 78(4):261-266.

26. National Bureau of Statistics (Tanzania) and Macro International Inc.:
Reproductive and Child Health Survey 1999.  Calverton, Mar-
yland: National Bureau of Statistics and Macro International Inc; 2000. 

27. Hladik W, Masupu K, Roels T, Plipat T, Kaharuza F, Bunnell R, Seguy
N, Marum LH: Prevention of mother-to-child transmission and
voluntary counseling and testing programme data: what is
their utility for HIV surveillance?  AIDS 2005, 19(Suppl
2):S19-24.

28. Mpairwe H, Muhangi L, Namujju PB, Kisitu A, Tumusiime A, Muwanga
M, Whitworth JA, Onyango S, Biryahwaho B, Elliott AM: HIV risk
perception and prevalence in a program for prevention of
mother-to-child HIV transmission: comparison of women
who accept voluntary counselling and testing and those
tested anonymously.  J Acquir Immune Defic Syndr 2005,
39(3):354-358.

29. Fabiani M, Nattabi B, Ayella EO, Ogwang M, Declich S: Using prev-
alence data from the programme for the prevention of
mother-to-child-transmission for HIV-1 surveillance in
North Uganda.  Aids 2005, 19(8):823-827.

30. Kwesigabo G, Killewo JZ, Sandstrom A, Winani S, Mhalu FS, Biberfeld
G, Wall S: Prevalence of HIV infection among hospital
patients in north west Tanzania.  AIDS Care 1999, 11(1):87-93.

31. Asamoah-Odei E, Garcia Calleja JM, Boerma JT: HIV prevalence
and trends in sub-Saharan Africa: no decline and large sub-
regional differences.  Lancet 2004, 364(9428):35-40.
Page 8 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2289292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9416363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9416363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14523279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14523279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14523279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8756031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8756031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8756031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9677172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9677172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10866234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10866234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10866234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11399963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11399963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11873011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11873011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11873011
http://www.tanzania.go.tz/census/tables.htm
http://www.tanzania.go.tz/census/tables.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10886529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11846719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11846719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11846719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8043231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8043231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12181463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12181463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15930837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15930837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15930837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15980698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15980698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15980698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15867497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15867497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15867497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10434985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10434985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15234854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15234854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15234854


BMC Public Health 2006, 6:109 http://www.biomedcentral.com/1471-2458/6/109
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

32. Hargreaves JR, Glynn JR: Educational attainment and HIV-1
infection in developing countries: a systematic review.  Trop
Med Int Health 2002, 7(6):489-498.

33. Walque D, Nakiyingi-Miiro JS, Busingye J, Whitworth JA: Changing
association between schooling levels and HIV-1 infection
over 11 years in a rural population cohort in south-west
Uganda.  Trop Med Int Health 2005, 10(10):993-1001.

34. Laga M, Nzila N, Goeman J: The interrelationship of sexually
transmitted diseases and HIV infection: implications for the
control of both epidemics in Africa.  Aids 1991, 5(Suppl
1):S55-63.

35. Corbett EL, Steketee RW, ter Kuile FO, Latif AS, Kamali A, Hayes RJ:
HIV-1/AIDS and the control of other infectious diseases in
Africa.  Lancet 2002, 359(9324):2177-2187.

36. Wald ALK: Risk of human immunodeficiency virus infection in
Herpes simplex virus type 2-seropositive persons: a meta-
analysis.  J Infect Dis 2002, 185:45-52.

37. Obasi A, Mosha F, Quigley M, Sekirassa Z, Gibbs T, Munguti K, Todd
J, Grosskurth H, Mayaud P, Changalucha J, Brown D, Mabey D, Hayes
R: Antibody to herpes simplex virus type 2 as a marker of
sexual risk behavior in rural Tanzania.  J Infect Dis 1999,
179(1):16-24.

38. Mayaud P, Mosha F, Todd J, Balira R, Mgara J, West B, Rusizoka M,
Mwijarubi E, Gabone R, Gavyole A, Grosskurth H, Hayes R, Mabey D:
Improved treatment services significantly reduce the preva-
lence of sexually transmitted diseases in rural Tanzania:
results of a randomized controlled trial.  Aids 1997,
11(15):1873-1880.

39. Grosskurth H, Gray R, Hayes R, Mabey D, Wawer M: Control of
sexually transmitted diseases for HIV-1 prevention: under-
standing the implications of the Mwanza and Rakai trials.
Lancet 2000, 355(9219):1981-1987.

40. Nnko S, Boerma JT, Urassa M, Mwaluko G, Zaba B: Secretive
females or swaggering males? An assessment of the quality
of sexual partnership reporting in rural Tanzania.  Soc Sci Med
2004, 59(2):299-310.

41. Saphonn V, Hor LB, Ly SP, Chhuon S, Saidel T, Detels R: How well
do antenatal clinic (ANC) attendees represent the general
population? A comparison of HIV prevalence from ANC sen-
tinel surveillance sites with a population-based survey of
women aged 15–49 in Cambodia.  Int J Epidemiol 2002,
31(2):449-455.

42. Kaestle CE, Halpern CT, Miller WC, Ford CA: Young age at first
sexual intercourse and sexually transmitted infections in
adolescents and young adults.  Am J Epidemiol 2005,
161(8):774-780.

43. Pettifor AE, van der Straten A, Dunbar MS, Shiboski SC, Padian NS:
Early age of first sex: a risk factor for HIV infection among
women in Zimbabwe.  Aids 2004, 18(10):1435-1442.

44. Mwaluko G, Urassa M, Isingo R, Zaba B, Boerma JT: Trends in HIV
and sexual behaviour in a longitudinal study in a rural popu-
lation in Tanzania, 1994–2000.  Aids 2003, 17(18):2645-2651.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2458/6/109/pre
pub
Page 9 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12031070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12031070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16185233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16185233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16185233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1669925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1669925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1669925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12090997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12090997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12090997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11756980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11756980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11756980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9841817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9841817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9412707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9412707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9412707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10859054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10859054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15110421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15110421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15110421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11980815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11980815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11980815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15800270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15800270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15800270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15199320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15199320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15199320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14685059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14685059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14685059
http://www.biomedcentral.com/1471-2458/6/109/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study area
	Sampling
	Sample size
	Participants
	Ethical issues and investigations
	Data collection tools and testing
	Statistical analysis

	Results
	Factors associated with HIV infection on univariate analysis
	Factors associated with HIV infection on multivariate analysis

	Discussion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

