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Objectives: To document the changes in HIV incidence over thirty years in Kalungu district, Uganda. 

Methods: Since 1989, residents aged ≥15 years old have been tested for HIV, and data were collected 

on HIV risk factors annually and later, biennially in the Kyamulibwa open cohort. In the 2019-2021 sur- 

vey, people living with HIV self-reported on knowledge of their HIV status, antiretroviral therapy (ART) 

use, and their most recent viral load data were obtained from health facilities. The HIV seroconversion 

dates were randomly imputed between the last negative and first positive test dates using a uniform 

distribution. 

Results: Among 20,959 residents who were HIV-negative, 669 seroconverted within 176,659 person-years. 

Data showed a downward trend in age-adjusted HIV incidence over 30 years ( P < 0.001) even though HIV 

prevalence steadily increased with ART availability from 2004. Comparing 1990-1992 and 1996-1998, HIV 

incidence declined by 43% (0.79 to 0.45/100 person-years, P = 0.002). Between 1999 and 2011, the inci- 

dence remained stable at 0.49/100 person-years (95% confidence interval: 0.41-0.58) in men but slowly 

increased in women (average age-adjusted hazard ratio = 1.13 per 3 years, 95% confidence interval: 1.03- 

1.24; trend P -value = 0.02). After 2011, however, the incidence trends reversed and continued to decline 

in men and women and in all age groups. 

Conclusion: Facilitating HIV testing and timely ART initiation, and supporting ART adherence must be 

emphasized alongside sustainable prevention measures. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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The long-term changes in HIV incidence can highlight broad 

atterns to inform efforts for stopping the spread of HIV. Empirical 

vidence and mathematical models have shown declining HIV in- 

idence in eastern and southern Africa [ 1 , 2 ]. However, remarkable 

ariations between and within countries were noted in rates and 
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rends in a systematic review and meta-analysis of HIV incidence 

n sub-Saharan Africa [1] . Furthermore, the estimated number of 

ew HIV acquisitions in 2021 remained three times more than the 

lobal target, and sub-Saharan Africa disproportionately accounted 

or 59% of the new acquisitions [2] . Therefore, there is an urgent 

eed to share lessons to accelerate the reduction of new HIV ac- 

uisitions and the resulting morbidity and mortality. 

Population-level HIV incidence declines have been associated 

ith a combination of effective interventions, which can be con- 

urrently implemented to prevent HIV acquisition and transmis- 

ion [ 3 , 4 ]. These have included HIV counseling and testing (HCT); 
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IV risk reduction behavioral interventions, including condom use 

nd voluntary medical male circumcision; and the use of an- 

iretroviral drugs for prevention of mother to child transmis- 

ion, pre-exposure prophylaxis, postexposure prophylaxis (PEP), 

nd treatment as prevention. The development of these interven- 

ions was based on lessons learned over the long-term global HIV 

esponse. 

In Uganda, intensive and extensive effort s to create public 

wareness of HIV risk were credited for earlier declines in HIV in- 

idence [5] . These effort s are likely to have influenced the quick 

daption of safer sexual behaviors when combined with witness- 

ng many HIV-related deaths of close community members in 

igh-prevalence communities before the introduction of antiretro- 

iral therapy (ART). However, these community attitudes toward 

isk behavior are likely to have changed with changes in underly- 

ng populations and availability of ART, which decreased mortality 

mong people living with HIV (PLHIV). 

Although ART was introduced to enable PLHIV to live longer, ev- 

dence later showed that ART reduced the risk of HIV transmission 

6] . As a result, the emphasis shifted to the promotion of treat- 

ent as prevention, leading to the effective implementation of the 

est-and-treat policy in 2017. This policy aimed at immediate ART 

nitiation, regardless of an individual’s clusters of differentiation 

CD4) count or World Health Organization clinical staging. In ad- 

ition, combination HIV prevention has been scaled up in Uganda, 

eading to substantial declines in HIV incidence [ 7 , 8 ]. For example,

8% of the 1.3 million adult PLHIV were estimated to be on ART 

n 2020, whereas 57.5% of men aged 15-49 years had been circum- 

ised [9] . In one population-based study, the scale-up of combina- 

ion HIV prevention (ART and male circumcision coverage) during 

he 2006-2016 period was shown to be associated with a 42% de- 

line in HIV incidence by 2016 compared with the period before 

006, but the incidence remained high at about 0.6/100 person- 

ears in men and women combined [7] . 

To avoid reversing the gains in HIV control, it is important 

o have a better understanding of long-term HIV incidence pat- 

erns and the key HIV prevention components that can be con- 

urrently implemented and emphasized. Using data from an open 

opulation cohort in Kyamulibwa, Kalungu district in rural Uganda, 

e documented changes in HIV incidence over 30 years alongside 

hanges in sexual behavior, in the HIV prevention and treatment 

andscape, mortality, and progress toward the Joint United Nations 

rogramme on HIV/AIDS (UNAIDS) fast-track targets to end AIDS 

y 2030. 

ethods 

ohort description 

The Kyamulibwa General Population Cohort (GPC) has been 

unning since 1989 for the surveillance of HIV in Kalungu dis- 

rict, rural southwest Uganda. Now, the GPC incorporates research 

n noncommunicable diseases with over 23,0 0 0 residents [10] . 

igure 1 shows the map of the study area with a cluster of 15

illages established in 1989, which was expanded to 25 villages 

n 1999. Also shown are the government-run health facilities and 

 study clinic run by the Medical Research Council/Uganda Virus 

esearch Institute (MRC/UVRI) and London School of Hygiene and 

ropical Medicine Uganda Research Unit, which offers free general 

ealth care to residents. The study activities in GPC have been pre- 

iously described in detail and include community mobilization, 

nnual house-to-house census of all households (capturing new 

irths, migrants, and deaths), and the subsequent health surveys 

or all consenting adults [10–12] . 

Over time, some study procedures have changed. Initially, con- 

enting residents provided samples for HIV serology annually at 
126 
heir homes, and those who wanted to know their test results 

ere referred to GPC counselors. The HIV test results were usually 

eturned within 1-2 weeks. From 2012, however, residents were 

nvited to attend the health survey at temporary village hubs bi- 

nnially after the house-to-house census within each village. In 

ddition, HIV test results were given to participants on the same 

ay of hub attendance, and all participants now receive their re- 

ults at each survey after counseling. Participants who failed to 

ake it to the hubs were actively followed up by the mobilization 

eam. Health survey participation ranged between 61% and 89%, 

ith most surveys having a participation proportion of over 70%. 

IV status determination followed the prevailing Uganda Ministry 

f Health (MoH) testing algorithm at any time [13] . Participants di- 

gnosed with HIV were referred for HIV care (before and after ART 

vailability) and for treatment at a health facility of their choice, 

hen ART became available. At the end of each round, the GPC 

eam discusses outcomes on health conditions with members of 

ach village separately. 

IV prevention services 

In addition to survey HIV tests, free HIV testing and counsel- 

ng, and support for PLHIV have been offered since establishing 

he GPC [11] . Condoms have been promoted and distributed dur- 

ng the survey, at the clinic, and during community mobilization 

ctivities. Individuals in this study area, as in other areas, have 

een exposed to HIV control efforts by the Uganda MoH programs, 

ncluding those providing HIV information, education, and behav- 

oral change communication. For example, since 2011 free volun- 

ary medical male circumcision has been promoted in the study 

rea including schools, and delivered at a government-run health 

acility located within the study area at least twice a year. Al- 

hough PEP and pre-exposure prophylaxis are available at health 

enters, only PEP is offered at the study clinic. 

IV care and treatment 

Participants are offered free general health care at the study 

linic ( Figure 1 ). Since 1990, those diagnosed with HIV were en- 

olled into a clinical cohort in which they were treated for op- 

ortunistic infections and offered positive prevention counseling 

efore ART became available [14] . The clinic was accredited by 

ganda MoH to offer ART in 2004 and became the main ART 

rovider to PLHIV in the study area. HIV care, treatment, and sup- 

ort services are provided according to prevailing national guide- 

ines and policies. The time points when changes in ART eligibil- 

ty thresholds were implemented are indicated within the figures 

howing HIV incidence and prevalence trends. 

ata collection 

In each of the 26 completed surveys, consenting residents pro- 

ided blood samples for HIV testing. Data were collected on so- 

iodemographics, sexual behavior ( i.e ., age at sexual debut, sexual 

ctivity, and condom use at last sex with casual sexual partners in 

he last 12 months), male circumcision, and other health indices 

t different surveys through standard questionnaires administered 

y trained survey interviewers [10] . In the 2019-2021 survey, PL- 

IV also reported on whether they knew their HIV status, were on 

RT, and their HIV viral load data were obtained from the facilities 

here they accessed ART. Data for each resident were linked using 

 unique identifier. 

tatistical analysis 

The analyses were restricted to participants aged 15 years and 

bove at the time of each survey. The HIV incidence rates were 
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Figure 1. Map of Uganda showing the Kyamulibwa General Population Cohort study area in Kalungu district. The study area is composed of 25 villages defined by adminis- 

trative boundaries (In bold are the initial 15 villages established in 1989 and the other numbered villages were added in 1999). 
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stimated among people with an initial negative HIV test result 

s the ratio of the number of people who seroconverted to the 

otal number of person-years at risk. The person-years were cal- 

ulated from the date of joining the study area to their last HIV- 

egative test (for out-migrants, lost-to-follow-up, death) or sero- 

onversion date (seroconverters). Gaps in follow-up were allowed 

f individuals out-migrated but later returned to the study area. 

or each seroconverter, the seroconversion date was randomly im- 

uted between their last HIV-negative and first HIV-positive test 

ates using a uniform distribution [ 15 , 16 ]. The imputations were 

epeated 70 times to account for random error because the exact 

eroconversion dates were unknown and HIV incidence estimates 

ere summarized using Rubin rules [17] . Statistical tests to assess 

hether changes in HIV incidence were significant were based on 

oisson regression models adjusted for the time-varying age. 

For HIV prevalence trends, the longitudinal nature of HIV 

erostatus data allowed making assumptions where residents had 

o recorded serostatus before an HIV-negative test result or af- 

er an HIV-positive result. Participants were assumed to be HIV- 

egative for the entire time before their first negative test re- 

ult while those with a positive HIV test result were assumed to 

e positive in the subsequent period. These assumptions, how- 

ver, tend to bias the prevalence estimates downward in the 

nitial period and upward in the most recent period [15] . To 

educe this bias and given that later rounds were biennial, par- 

icipants whose first HIV test was positive were assumed to have 

een HIV-positive within the preceding 2 years while residing in 

he area. Residents with a negative last test were assumed to be 

IV-negative in the subsequent 3 years if they were still residing 

n the area. Otherwise, participants were assigned an unknown HIV 

tatus. A sensitivity analysis assessing these assumptions was con- 

ucted, excluding these periods of pre-HIV-positive and post-HIV- 

egative. 

The HIV incidence trends were interpreted in view of related 

hanges in HIV prevalence, time to first sex, condom use at last 

asual sex, male circumcision, mortality rates, and progress toward 

he UNAIDS fast-track testing and treatment targets. The reported 

ge at first sex for each individual at different time points were 

econciled into a single age at first sex; but some caution would 

till be needed in interpreting these findings. The time to first sex 

as based on the reconciled age at first sex analyzed using survival 

nalysis. For mortality rates, the follow-up time for residents ended 

t either the date of death or their last observation, whichever 
ame first. a

127
Estimating progress toward the UNAIDS 95-95-95 targets was 

nly based on the 2019-2021 survey, in which PLHIV self-reported 

nowledge of HIV status and ART use, and had linked viral load 

ata. For the first 95, the denominator was the number of residents 

ho self-reported being HIV-positive or had tested HIV-positive 

ithin GPC by July 2021. The numerator was the number of PL- 

IV who self-reported knowing their HIV status, but to avoid un- 

erestimation due to nondisclosure of HIV status, the reports were 

ross-checked with linked individual data on previous HIV test re- 

ults and ART use [18] . The second 95 was defined as the propor-

ion of people who self-reported currently being on ART among 

LHIV who knew their HIV status in the first 95. The third 95 was 

efined as the number of people currently on ART with suppressed 

iral loads ( < 10 0 0 copies/μl). The confidence intervals (CIs) were 

ased on the logit transformation of proportions. 

thics 

Approvals are sought for each survey round from the UVRI Re- 

earch and Ethics Committee (most recent: GC/127/710) and the 

ganda National Council for Science and Technology (SS 4981). The 

articipants provided written informed consent at each round and 

hose aged < 18 years additionally required parental consent. 

esults 

ohort description 

A total of 236,300 person-years of residency were contributed 

y 36,156 participants (54% women) aged 15 years and above 

 Table 1 ). The highest proportion of the person-years (58%) were 

ontributed by participants who were residents at the start of 

urveillance, whereas 6% of person-years (15,075) were contributed 

y those born in the study area after the start of surveillance. A 

igher proportion of women than men were in-migrants (57% vs 

7%) and joined while aged 15-24 years (31% vs 22%). Approxi- 

ately 18% (n = 6470) of residents did not ever test for HIV as 

art of the GPC, whereas 5% (n = 1803) tested positive at their 

rst HIV test. 

By 2021, 10,839 participants aged 15 + years were residents, 

nd 63% (n = 6808) participated in the most recent serosurvey 

 Table 2 ). The participation over time was consistently above 60% 

ut was higher among women than men (2019-2021 survey: 72% 

mong women, 52% among men). The demographic, behavioral, 
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Table 1 

Description of residents in the study area aged at least 15 years participating in the Kyamulibwa General Population Cohort (GPC) in southwest Uganda between 1989 and 

2021. 

Characteristic 

MEN AND WOMEN MEN WOMEN 

Participants, 

n 

Person-years 

(%) 

Mean 

Person-years 

Participants, 

n 

Person-years 

(%) 

Mean 

Person-years 

Participants, 

n 

Person-years 

(%) 

Mean 

Person-years 

Observed follow-up a 36,156 236,300 6.5 16,511 111,676 6.8 19,645 124,625 6.3 

Gaps in follow-up 7,314 22,558 2.2 3,450 10,759 2.2 3,864 11,799 2.2 

Entry into study area 

Baseline recruitment 13,379 137,030 (58.0) 10.2 6,701 70,050 (62.7) 10.5 6,678 66,981 (53.7) 10.0 

Birth 3,723 15,075 (6.4) 4.0 1,937 8,252 (7.4) 4.3 1,786 6,823 (5.5) 3.8 

In-migration 19,035 84,123 (35.6) 4.4 7,866 33,353 (29.9) 4.2 11,169 50,770 (40.7) 4.5 

Age at entry (years) b 

0-14 15,343 77,342 (32.7) 5.0 7,719 42,686 (38.2) 5.5 7,624 34,656 (27.8) 4.5 

15-24 9,752 58,182 (24.6) 6.0 3,709 23,512 (21.1) 6.3 6,043 34,670 (27.8) 5.7 

25-34 4,725 39,484 (16.7) 8.4 2,138 18,028 (16.1) 8.4 2,587 21,456 (17.2) 8.3 

35-54 4,147 41,746 (17.7) 10.1 1,936 18,377 (16.5) 9.5 2,211 23,369 (18.8) 10.6 

55 + 2,187 19,537 (8.3) 8.9 1,007 9,063 (8.1) 9.0 1,180 10,474 (8.4) 8.9 

First HIV test result 

Negative 27,883 211,323 (89.4) 7.6 12,802 99,579 (89.2) 7.8 15,081 111,744 (89.7) 7.4 

Positive 1,803 9,195 (3.9) 5.1 601 3,347 (3.0) 5.6 1,202 5,848 (4.7) 4.9 

Never tested 6,470 15,783 (6.7) 2.4 3,108 8,750 (7.8) 2.8 3,362 7,032 (5.6) 2.1 

Status at last survey 

Still resident 10,839 119,957 (50.8) 11.1 4,973 55,233 (49.5) 11.1 5,866 64,724 (51.9) 11.0 

Died 3,063 28,186 (11.9) 9.2 1,554 15,372 (13.8) 9.9 1,509 12,814 (10.3) 8.5 

Out-migrated 20,963 81,433 (34.5) 3.9 9,353 37,562 (33.6) 4.0 11,610 43,871 (35.2) 3.8 

Lost to follow-up 1,291 6,725 (2.8) 5.2 631 3,508 (3.1) 5.6 660 3,216 (2.6) 4.9 

a Includes all participants regardless of HIV-status. 
b Joined the study area within this age-group but analysis left censored at age 15 years for residents who joined before their 15 th birthday. 

Figure 2. HIV incidence trends (a) and age-specific patterns (b) in men and women aged at least 15 years in the Kyamulibwa General Population Cohort in southwest 

Uganda, 1989-2021. 

ART, antiretroviral therapy; CI, confidence interval; PY, person-years. 
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nd self-reported HIV characteristics for the 2019-2021 survey are 

hown in Table 2 . 

IV incidence trends 

Participants who initially tested HIV-negative (n = 20,959, 54% 

omen) contributed 176,659 person-years and 669 seroconver- 

ions (58% in women). HIV incidence estimates have shown a 

ownward trend over the 30 years since the early 1990s (age- 

djusted P < 0.001, Figure 2 a). In men, HIV incidence declined by 

8% (95% CI: 71%-95%, adjusted by age) from 0.96/100 person-years 

95% CI: 0.70-1.32) in 1990-1992 to 0.12/100 (95% CI: 0.05-0.26) 

n 2018-2021. In women, the corresponding HIV incidence decline 

as 60% (95% CI: 28-78%, adjusted by age) from 0.68/100 (95% CI: 

.48-0.97) to 0.26/100 (95% CI: 0.16-0.40). 

The rates of change in HIV incidence, however, varied over time, 

y sex and by age. Between 1990 and 1998, there was an acceler- 

ted decline in HIV incidence, which did not differ between men 

nd women (age-adjusted interaction P = 0.48, [ Figure 2 a]). In 
128 
his period, HIV incidence declined by 41% (from 0.86 to 0.51/100 

erson-years, P = 0.001) in men and 47% (0.73 to 0.39/100 person- 

ears, P = 0.015) in women. Between 1998 and 2004, HIV inci- 

ence was stable in men at an average of 0.49/100 person-years 

95% CI: 0.41-0.58), fell by 37% to 0.31/100 person-years (95% CI: 

.22-0.41) in 20 05-20 08 ( P = 0.02), then returned to the incidence 

ate of 0.50/100 person-years (95% CI: 0.36-0.64) in 2009-2011. In 

he 20 05-20 08 period, the maximum proportion of survey partic- 

pation in men was 57%, which later increased to 66% in the sub- 

equent period of 2009-2011. The drop in HIV incidence in 2005- 

008 was likely related to the high proportion of men who did not 

articipate in that period. In women, however, there was a steady 

ncrease in HIV incidence from 1999-2001 until 2009-2011 (aver- 

ge age-adjusted hazard ratio = 1.13 per 3 years, 95% CI: 1.03-1.24; 

rend P = 0.02). In the period of 2009-2011, there was no evidence 

o suggest a difference in the HIV incidence rate between men and 

omen ( P = 0.38). 

After the ART eligibility thresholds changed from ≤250 cells/μl 

o ≤350 cells/μl, the HIV incidence trend in both men and women 
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Table 2 

Characteristics of participants aged at least 15 years in the health survey of the Kyamulibwa General Popula- 

tion Cohort conducted between June 2019 and July 2021 in southwest Uganda. 

Characteristic MEN AND WOMEN MEN, n (%) WOMEN, n (%) 

Number of respondents 6808 2596 4212 

Age of respondent (years) 

15-24 1598 (23.5) 530 (20.4) 1068 (25.4) 

25-34 1332 (19.6) 524 (20.2) 808 (19.2) 

35-54 2371 (34.8) 948 (36.5) 1423 (33.8) 

55 + 1507 (22.1) 594 (22.9) 913 (21.7) 

Marital status 

Never married 1550 (22.8) 687 (26.5) 863 (20.5) 

Currently married 3650 (53.6) 1496 (57.6) 2154 (51.1) 

Divorced/separated 1031 (15.1) 358 (13.8) 673 (16.0) 

Widowed 577 (8.5) 55 (2.1) 522 (12.4) 

Religion 

Catholic 4007 (58.9) 1537 (59.3) 2470 (58.6) 

Anglican 766 (11.3) 307 (11.8) 459 (10.9) 

Other Christian 327 (4.8) 110 (4.2) 217 (5.2) 

Muslim 1706 (25.1) 640 (24.7) 1066 (25.3) 

Education level 

< Primary 5 1474 (21.7) 526 (20.3) 948 (22.5) 

Primary 5-7 2934 (43.1) 1188 (45.8) 1746 (41.5) 

Secondary 1-4 1801 (26.5) 600 (23.1) 1201 (28.5) 

Secondary 5 and above 598 (8.8) 281 (10.8) 317 (7.5) 

Tribe 

Baganda 5188 (76.2) 1989 (76.7) 3199 (75.9) 

Rwandese 1011 (14.9) 396 (15.3) 615 (14.6) 

Other 607 (8.9) 209 (8.1) 398 (9.4) 

Reported pregnancy status (15-54 years old) 

No 2375 (56.4) 2375 (56.4) 

Yes 189 (4.5) 189 (4.5) 

Question not asked 1648 (39.1) 1648 (39.1) 

Ever had sex (16-21 years old) 1 

Yes - - 410 (50.7) 

No - - 399 (49.3) 

Alcohol intake frequency, last 12 months 

5-7 days/week 258 (12.0) 216 (18.4) 42 (4.3) 

1-4 days/week 515 (24.0) 362 (30.9) 153 (15.8) 

1-3 days/month 614 (28.7) 327 (27.9) 287 (29.6) 

< once a month 755 (35.2) 268 (22.8) 487 (50.3) 

Self-reported knowing HIV status 2 

Yes 4461 (65.5) 1570 (60.5) 2891 (68.6) 

No 2347 (34.5) 1026 (39.5) 1321 (31.4) 

HIV test status 

Negative 5798 (85.2) 2232 (86.0) 3566 (84.7) 

Positive 602 (8.8) 203 (7.8) 399 (9.5) 

Unknown 408 (6.0) 161 (6.2) 247 (5.9) 

Self-reported receiving ART 3 

Yes 535 (98.9) 176 (98.9) 359 (98.9) 

No 6 (1.1) 2 (1.1) 4 (1.1) 

ART provider 3 

GPC study clinic 294 (55.1) 110 (62.9) 184 (51.3) 

Study area HC III 4 105 (19.7) 26 (14.9) 79 (22.0) 

Study area HC IV 51 (9.6) 17 (9.7) 34 (9.5) 

Other healthcare facilities 84 (15.7) 22 (12.6) 62 (17.3) 

1 Asked for only young women aged 16 to 21 years at this medical survey. 
2 Self-reported knowledge of HIV status among all survey participants regardless of HIV status. 
3 ART - antiretroviral therapy. 4 HC - Health Centre. 
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as changed and the declines continued when the ART eligibil- 

ty threshold was further changed to ≤500 cells/μl in 2015-2017 

comparing the incidence in 2009-2011 and 2015-2017: in men, 

 = 0.01; in women, P = 0.001). Compared with 2015-2017, how- 

ver, the HIV incidence seemed to have reduce only slightly when 

he test-and-treat policy was implemented during 2018-2021 in 

en ( P = 0.57) and in women ( P = 0.72). In this most recent pe-

iod, there was no evidence to suggest that HIV incidence was sub- 

tantially higher in women than in men ( P = 0.12). 

In women, HIV incidence was consistently higher in those aged 

5-34 years than in other age groups but similar across age groups 

n the more recent time point. In the early 1990s, HIV incidence 

as disproportionately high among young women aged 15-34 

ears and particularly in those aged 15-24 years ( Figure 2 b). In 
129 
he later 1990s, the incidence remarkably fell in young women 

 P = 0.01) but remained stable for other age groups. From the 

arly 20 0 0s, however, the incidence steadily increased in women 

ged 15-34 and 35-54 years until the 2009-2011 period. In both 

ge groups, the trend was reversed after the ART eligibility thresh- 

lds changed from ≤250 cells/μl to ≤350 cells/μl, and the incidence 

eclines continued with further changes to ≤500 cells/μl. When 

he test-and-treat policy was implemented, HIV incidence reduced 

nly slightly in those aged 15-34 years but not in those aged 35-54 

ears. In women aged 55 years and above, HIV incidence has been 

table and consistently lowest over the observation period. 

In men, HIV incidence was consistently highest in those aged 

5-54 years and lowest among those aged 55 + years but similar 

cross age groups in more recent time points. From 1990-1992 to 
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Figure 3. HIV prevalence trends among men and women aged at least 15 years in the Kyamulibwa General Population Cohort in southwest Uganda between 1989 and 2021. 

ART, antiretroviral therapy; CI, confidence interval. 
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0 05-20 08, HIV incidence steadily declined among men aged 15- 

4 years and in those aged 35-54 years; but there was a spike in

0 02-20 04 for those aged 35-54 years. Compared with 20 05-20 08, 

IV incidence increased slightly in 2009-2011 among men of all 

ges but was not statistically significant at 5% level. However, the 

ncidence trend was reversed in all ages after the ART eligibility 

hresholds changed from ≤250 cells/μl to ≤350 cells/μl, and the 

ncidence declines continued with further changes to ≤500 cells/μl 

s was the case among women. 

IV prevalence trends 

Overall, the HIV prevalence slowly declined from 8% in 1989/90 

o an average of 5% between 20 0 0 and 20 04, before steadily in-

reasing in the ART era until 2015, where it has flattened at about 

0% ( Figure 3 ). This prevalence trend pattern did not differ be- 

ween men and women; although, the prevalence remained con- 

istently higher among women since 1998. Before ART introduc- 

ion, the individual-year HIV prevalence was strongly correlated 

ith individual-year HIV incidence rates in both men (Pearson cor- 

elation coefficient, r = 0.85, P < 0.001) and women (r = 0.77, 

 = 0.001). After ART introduction, the rate of increase in HIV 

revalence was faster for women than men until the ART eligibil- 

ty was changed from ≤250 cells/μl to ≤350 cells/μl ( P < 0.001). In

he period when the ART eligibility was ≤350 cells/μl, however, the 

ate of increase in HIV prevalence was much higher in men than 

omen before leveling off for both sexes in the period when the 

RT eligibility threshold was ≤500 cells/μl. 

ll-cause mortality trends 

All-cause mortality was disproportionately high among PLHIV 

ut markedly declined after ART introduction and subsequently, 

ith changes in the ART eligibility thresholds that led to more PL- 

IV initiating treatment ( Figure 4 a). After 2 years of ART availabil-

ty in this setting, mortality declined by 63% (9.6/100 to 3.6/100 

erson-years) in male PLHIV and by 51% (6.5-3.2/100 person- 

ears) in female PLHIV. Overall age-specific mortality rates reduced 

ith calendar periods corresponding to increases in ART eligibility 

hresholds ( Figure 4 b). 
130 
ale circumcision, condom use, and time to first sex 

The proportion of men who were circumcised slowly increased 

rom 24% in 20 0 0/20 01 to 28% in 20 08/20 09, then to 33% in

012/2013, and 41% in 2014/2015 ( Figure 5 ). At all the time points,

he prevalence of male circumcision decreased with age. Between 

0 0 0 and 2015, the proportion of males circumcised had doubled 

n men aged 15-24 and 25-34 years and was 53% higher in those 

ged 35-49 years. Approximately 25% of all men were Muslim. 

The proportion of individuals reporting condom use at last sex 

ith a casual partner seemed to decline from 60% in 1997, then 

emain unchanged in men at an average of 52%. In women, the 

roportion increased steadily from 38% in 1997 to 53% in 2014 

 Figure 6 ). The reported time to first sex by birth cohort is shown

or both men and women in Figure 7 . Over time, data showed that 

he time to first sex increased in women from a median of 16.6 

ears in the birth cohort of 1950-1954 to 18.6 years in the 20 0 0-

004 birth cohort ( P < 0.001). In the 2000-2004 birth cohort, 60% 

eported not having had sex by 18 years compared with less than 

0% in the previous birth cohorts. In men, however, the reported 

ime to first sex did not seem to change (range: 18-18.5 years) but 

n increasingly higher proportion reported delaying initiating sex 

 P = 0.03). 

rogress toward the 95-95-95 UNAIDS targets 

In both men and women, nearly all PLHIV who knew their 

IV status reported being on ART (99%); 91% of those on ART 

chieved viral suppression ( Figure 8 ), but a sizable proportion of 

LHIV did not know their HIV status (18% in male PLHIV, 14% in 

emale PLHIV). The proportion of PLHIV with unknown HIV status 

as higher among those aged 15-24 years than those aged ≥25 

ears (men [45% vs 17%, P = 0.03]; women [22% vs 13%, P = 0.10]).

iscussion 

In this setting, there was a downward trend in HIV incidence 

ver three decades since the early 1990s, even though HIV preva- 

ence steadily increased with ART availability. However, the rates 

f decline in HIV incidence varied over time by sex and age of res- 

dents. A key hallmark in the HIV response was implementing the 
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Figure 4. Mortality trends in men and women by HIV status and by age categories in the Kyamulibwa General Population Cohort in southwest Uganda between 1989 and 

2021. 

ART, antiretroviral therapy; CI, confidence interval; PY, person-years. 

Figure 5. Changes in reported circumcision status among males aged 15 years and above in the Kyamulibwa General Population Cohort in southwest Uganda (20 0 0-2015). 

Figure 6. Changes in self-reported condom use at last sex with a casual partner in the Kyamulibwa General Population Cohort in southwest Uganda (1997-2014). 

ART, antiretroviral therapy. 

131 
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Figure 7. Time to first sex for men and women born since 1950, by 10-year birth cohorts in the Kyamulibwa General Population Cohort in southwest Uganda. 

Figure 8. Progress toward the 95-95-95 UNAIDS targets among men and women in the Kyamulibwa General Population Cohort (data collected between June 2019 and July 

2021). 

ART, antiretroviral therapy. 
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hanges in ART eligibility thresholds from ≤250 to ≤350 cells/μl 

nd upward, which substantially scaled up the ART coverage with 

ach change. With these changes, the rising HIV incidence trend in 

omen between 2001 and 2011 was reversed and the stable trend 

n men declined, and the incidence is at its lowest in the most re-

ent time point. HIV control in this setting was likely facilitated 

y the regular opportunities and support for HCT, rapid ART initi- 

tion, and active support for ART adherence, alongside other HIV 

revention measures (messaging, circumcision, condoms). 

The initial declines in HIV incidence through the 1990s are 

ikely explained by a combination of factors, including structural 

actors, individual behavioral changes, and the witnessing of many 

lose community members die of AIDS [ 5 , 19 , 20 ]. Epidemiological

vidence suggests an interrelationship between HIV-related mor- 

ality, HIV prevalence, and incidence in the absence of ART [ 19 , 21 ].

n particular, a high prevalence of untreated HIV infection has been 

hown to be associated with an increased risk of HIV acquisition 

21] . This link might explain the declining HIV incidence in the 

990s in our study when PLHIV experienced high mortality result- 

ng in a steady decline in HIV prevalence and thus impacting inci- 

ence. 

Changes in sexual behavior might have also impacted initial HIV 

ncidence trends following Uganda’s HIV response since the mid- 

980s, which focused on mass education and awareness campaigns 
132 
n HIV/AIDS, facilitated by extensive social mobilization and po- 

itical leadership [ 5 , 22–24 ]. For example, between 1989 and 1995, 

he percentage of people who reported at least one casual partner 

ropped from 35% to 15% in men and from 16% to 6% in women 

25] . In this study area, condom use has been promoted, and free 

ondoms were distributed during mobilization, in the health sur- 

eys, and at the study clinic since the start of the cohort. Our pro- 

ortion of reported condom use at last sex with a casual partner 

n 1997 is consistent with figures from the Uganda demographic 

nd health survey [26] . Since then, however, the proportion of 

eported condom use at last casual sex remained unchanged in 

en but slowly increased in women to a level similar to that in 

en. Furthermore, the HIV incidence trends are likely to have been 

mpacted by increasing delays in initiating first sex, particularly 

mong young women. It is likely that behavioral changes might 

ave been accelerated by the high mortality and morbidity rates 

hat were witnessed in the community among PLHIV before ART 

as introduced. However, it is difficult to tell how the positive pre- 

ention counseling for PLHIV in this setting since the early 1990s 

ight have contributed to earlier HIV incidence trends [ 11 , 14 ]. 

After ART introduction, the mortality dropped sharply among 

LHIV and HIV incidence slowly increased in women and remained 

table in men until 2011. During this period, ART was initiated 

ainly among people with more advanced HIV disease [27] given 
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hat the thresholds for ART initiation were CD4 cell counts of ≤200 

ells/μl at the start, then ≤250 in 2008, and ≤350 cells/μl in 2011. 

lthough the combination of ART and cotrimoxazole prophylaxis 

educed mortality among PLHIV [ 28 , 29 ], there was likely a high

isk of HIV transmission from over 60% of PLHIV who had not yet 

een initiated on ART [27] . The increase in HIV incidence among 

omen during this period suggests that women might not have 

enefited substantially from the HIV preventive benefits of ART 

nd prevention counseling among men as much as men did from 

omen. A lower proportion of men than women participated in 

he survey (an average of 55% in men vs 67% in women) and there-

ore were less likely to know their HIV status earlier. In addition, 

en also delayed initiating ART and were more likely to drop out 

f HIV care than women, undermining the potential preventive 

enefit of ART for women [30] . There was no evidence suggest- 

ng increased risky sexual behavior during this period of early ART 

vailability. 

The downward HIV incidence trends after 2011 are consistent 

ith findings that showed declining HIV incidence in SSA [1] . In 

ur study, these HIV incidence declines are likely a result of the 

ombined HIV preventive benefits of earlier ART initiation and sub- 

equently, expanded ART coverage among PLHIV and expanded 

ale circumcision coverage. There was a rise by over 10% in the 

roportion of PLHIV on ART as result of the expansion of the 

hreshold for ART initiation to ≤350 cells/μl and to ≤500 cells/μl. 

n 2011, free voluntary medical male circumcision became avail- 

ble to the community and has been delivered through govern- 

ent health centers, and actively promoted in the community 

ince 2012. This intervention substantially increased male circum- 

ision coverage but remained only half of the UNAIDS target of 

0%. These findings are similar to those in the neighboring Rakai 

istrict, which found an impact of modest coverage levels of male 

ircumcision and ART on community-level HIV incidence trends 

7] . 

The introduction of test-and-treat in 2017 did not seem to sub- 

tantially influence population-level HIV incidence likely because a 

onsiderable proportion of PLHIV was already on ART. These sta- 

le incidence trends in the most recent time points with no indi- 

ation of increasing mortality trends among PLHIV might explain 

he flattening HIV prevalence in the most recent period at about 

1% in women and 9% in men. However, this high HIV prevalence 

s not positively correlated with HIV incidence because of the re- 

uced risk of HIV transmission as a result of high ART coverage 

n this setting. Further declines in HIV incidence might be possible 

ith interventions for HIV prevention among people at the highest 

isk, continued earlier diagnosis of PLHIV, and rapid ART initiation, 

s well as ensuring higher levels of viral suppression and actively 

romoting male circumcision. 

Some of our findings might not be generalizable to popula- 

ions beyond the study population. For example, regular HIV test- 

ng for all residents (at least every 2 years) in the GPC presented 

epeated opportunities for PLHIV to know their HIV status, result- 

ng in a higher proportion of individuals who know their status 

han in other settings, particularly among men. Although high rates 

f undisclosed HIV status have been reported in household surveys, 

he potential for underestimating the first 95 in this study due to 

ondisclosure was likely reduced by cross-checking their reports 

ith linked data on previous HIV test results and ART use [18] . The

roportions of PLHIV on ART and those achieving viral suppres- 

ion, however, are comparable to the national estimates [2] . Our 

stimates of HIV incidence and prevalence before ART introduction 

ight have been conservative given the observed high mortality 

ates among people with unknown HIV status. Another limitation 

oncerns self-reported data which must be interpreted with cau- 

ion given social desirability and other reporting biases, such as 

ecall bias. However, a key strength of this study was the ability 
133 
o use longitudinal data for cross-checking and defining key met- 

ics. 

In conclusion, the accelerated declines in HIV incidence after 

he changes in ART eligibility to higher CD4 cell counts starting 

ith 350 cells/μl were enabled by regular HCT opportunities in 

his setting. The findings in this study reinforce the need for en- 

bling HCT, particularly among young men and women, rapid ART 

nitiation to maintain a high ART coverage, and support for ART ad- 

erence for viral suppression, alongside sustainable HIV prevention 

easures. 
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