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Identifying persons who have newly acquired HIV infec-
tions is critical for characterizing the HIV epidemic direc-
tion. We analyzed pooled data from nationally represen-
tative Population-Based HIV Impact Assessment surveys 
conducted across 14 countries in Africa for recent infection 
risk factors. We included adults 15–49 years of age who 
had sex during the previous year and used a recent infec-
tion testing algorithm to distinguish recent from long-term 
infections. We collected risk factor information via partici-
pant interviews and assessed correlates of recent infec-

tion using multinomial logistic regression, incorporating 
each surveyʼs complex sampling design. Compared with 
HIV-negative persons, persons with higher odds of re-
cent HIV infection were women, were divorced/separated/
widowed, had multiple recent sex partners, had a recent 
HIV-positive sex partner or one with unknown status, and 
lived in communities with higher HIV viremia prevalence. 
Prevention programs focusing on persons at higher risk for 
HIV and their sexual partners will contribute to reducing 
HIV incidence.
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Sub-Saharan Africa has the highest HIV infection 
incidence and prevalence in the world (1,2). Al-

though incidence is declining (3), more progress is 
needed to reduce transmission to a sufficient level 
that achieves global epidemic control. Several met-
rics for epidemic control have been proposed, in-
cluding an incidence:mortality ratio (number of new 
HIV infections:total number of deaths from all causes 
among HIV-infected persons), a metric used provid-
ing that both new infections and deaths are low and 
declining (4). In sub-Saharan Africa, the Joint United 
Nations Programme on HIV/AIDS (UNAIDS) esti-
mates that women and girls accounted for 63% of all 
new HIV infections in 2021 (2). Determining risk fac-
tors for HIV acquisition in countries with generalized 
HIV epidemics can help identify appropriate groups 
for tailored prevention programming and can support 
testing for those at highest risk of acquiring infection.

Methods used to examine risk factors for HIV 
often compare HIV-negative and HIV-positive per-
sons (prevalence) (5–7) or use longitudinal cohort 
studies that comprise HIV-negative persons at base-
line (8–11). Each of those methods has drawbacks. 
The prevalence approach does not distinguish recent 
from long-term infections, making it difficult to de-
termine whether risk factors preceded the infection 
(12). In addition, risk factors for HIV might change 
over time, and programmatic efforts need to assess 
who is at the highest risk of acquiring new infections 
to prevent transmission. Longitudinal cohorts can 
establish timing of infection; however, they require 
long follow-up periods and large sample sizes and 
are subject to attrition bias that might not be equal 
across risk factors (12).

Assays that distinguish recent from long-term 
HIV-1 infections present an opportunity to estimate 
HIV incidence and assess risk factors in cross-section-
al population-based household surveys (12,13). The 
limiting-antigen (LAg) avidity enzyme immunoas-
say (EIA) has been well characterized, validated, and 
used for the detection of recent infections and estima-
tion of HIV-1 incidence as part of a recent infection 
testing algorithm (RITA) in cross-sectional surveys, 
including Population-Based HIV Impact Assessment 
(PHIA) surveys (14,15). Therefore, PHIA surveys can 
identify risk factors for new HIV infections in the gen-
eral population across multiple countries in sub-Sa-
haran Africa by using the largest sample of recent in-
fections. We identified demographic and behavioral 
risk factors for recent HIV infections among sexually 
active adults across 14 sub-Saharan Africa countries 
and assessed whether those factors differed between 
recent and long-term infections.

Methods

Study Design
PHIAs are nationally representative, cross-sectional, 
population-based surveys of households across each 
country (16,17). A 2-stage, stratified cluster sample 
design was used in each survey: enumeration areas 
were selected within strata (subnational units, such 
as regions) by using a probability proportional to size 
method, and households within enumeration areas 
were randomly selected in the second stage. Weights 
were calculated to account for unequal probability 
of household selection, nonresponse, and noncover-
age. Within selected households, the household head 
completed a household survey, and eligible house-
hold members completed individual interviews and 
had blood collected after providing consent for each 
survey component.

Study Population
We used data from PHIA surveys completed in 14 
countries during 2015–2019: Cameroon, Cote d’Ivoire, 
Eswatini, Ethiopia, Kenya, Lesotho, Malawi, Namib-
ia, Nigeria, Rwanda, Tanzania, Uganda, Zambia, and 
Zimbabwe. We pooled data across PHIAs in a mul-
ticountry analysis because of small sample sizes for 
recent infections within each country. We included 
adults 15–49 years of age who reported engaging in 
sexual activity during the year before their interview. 
We only included persons who consented to a blood 
draw and had a valid final RITA classification. 

Variable Definitions
We explored demographic and behavioral vari-
ables collected during participant interviews to 
identify potential risk factors. Demographic fac-
tors were country, sex, age, marital status, educa-
tion, and household wealth. Behavioral factors were 
number of recent sexual partners (during the previ-
ous 12 months), age of sexual debut, HIV status of 
partner(s), age of partner(s), condom usage, and 
voluntary medical male circumcision status. Age of 
sexual debut was divided into <18 or >18 years cat-
egories; 18 years of age was the median. The num-
bers of partners in the previous year were grouped 
into categories (0, 1, or >2 partners), consistent with 
previous literature and an examination of the data 
(12,13). Age groups were 15–24, 25–34, and 35–49 
years, according to published precedent.

We calculated community viremia levels within 
each stratum in each country. We defined partici-
pants with long-term HIV infections and detectable 
viral load of >1,000 copies/mL as viremic and all 
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HIV-negative or HIV-positive participants with an 
undetectable viral load as nonviremic. We excluded 
persons with recent HIV infection (as defined in the 
next paragraph) from community viremia calcula-
tions, which were calculated as the weighted number 
of viremic persons divided by the weighted number 
of viremic plus nonviremic persons within each stra-
tum. We then categorized each stratum into quantiles 
representing the percentages of persons with nonsup-
pressed HIV infection within the stratum.

The 3 primary outcome categories for each par-
ticipant were recent HIV infection, long-term HIV in-
fection, or HIV negative. All participants were tested 
for HIV in the household according to each country’s 
national testing algorithm. Confirmatory HIV testing 
was completed in all countries except Uganda by us-
ing the Geenius HIV-1/2 rapid test (Bio-Rad Labo-
ratories, https://www.bio-rad.com). We classified 
HIV according to confirmatory testing and excluded 
a small number of participants (n<25) who tested 
positive for HIV-2 but not HIV-1 from recency test-
ing because the LAg-Avidity EIA is meant for HIV-1 
recency classification only. Among HIV-positive par-
ticipants, RITA was used to distinguish recent from 
long-term infections. The first step of RITA used the 
LAg-Avidity EIA (Sedia Biosciences Corp., https://
www.sediabio.com, for plasma specimens or Maxim 
Biomedical, https://www.maximbio.com, for dried 
blood spot specimens), which assesses development 
of antibody avidity. We classified participants with 
a median normalized optical density <1.5 for plas-
ma samples (or <1.0 for dried blood spot samples 
where venous blood could not be collected [<5% of 
participants]) as LAg-recent infections. Next, we cat-
egorized participants as recently infected if they had 
LAg-recent infections, HIV viral loads >1,000 copies/
mL, and an absence of antiretroviral drug metabolites 
in their blood by using RITA (14,15). All HIV-1–posi-
tive participants who did not meet the criteria for re-
cent infection were categorized as having long-term 
HIV infection.

Statistical Analysis
Initial data analysis strategies were bivariate compar-
isons between HIV-negative participants and those 
who had a recent HIV infection or long-term HIV in-
fections. We calculated an overall χ2 test statistic and 
unadjusted odds ratios for categorical variables. We 
used Taylor series weights and variables representing 
strata and units for all analyses. We performed analy-
ses by using SAS version 9.4 (SAS Institute, https://
www.sas.com) and considered p values <0.05 statisti-
cally significant.

Our model-building strategy incorporated candi-
date exposure variables with bivariate p values <0.20. 
In cases where variables were colinear, we included 
only 1 variable or set of variables in the final model. 
Only variables collected consistently across countries 
were eligible for the multivariable model. We used 
multinomial logistic regression to calculate adjusted 
weighted odds ratios accounting for the complex sur-
vey sample design.

Ethics Statement
PHIA surveys were funded by the US President’s 
Emergency Plan for AIDS Relief (PEPFAR) (18); tech-
nical assistance was provided by the US Centers for 
Disease Control and Prevention. The surveys were 
conducted through cooperative agreements with 
grantees/federal entities, including country Minis-
tries of Health, ICAP at Columbia University (New 
York, New York, USA), and the University of Mary-
land (Baltimore, MD, USA). Each survey was ap-
proved by human subject institutional review boards 
specific for each country, cooperative agreement 
grantees/federal entities conducting the survey, or 
the US Centers for Disease Control and Prevention.

Results

Population Description
Across the 14 countries included in this analysis, we 
identified 16,831 HIV-positive and 241,909 HIV-neg-
ative PHIA participants (Figure). Of the 16,831 HIV-
positive participants, 264 (1.6% of all HIV-positive 
participants) had recent infections and 16,567 had 
long-term infections. Sample sizes of participants 
who met inclusion criteria ranged from 5,874 in Eswa-
tini to 95,463 in Nigeria (Table 1). Biomarker (blood 
draw) response rates ranged from 86.7% in Malawi 
to 99.0% in Uganda for female participants and 85.3% 
in Namibia to 98.5% in Uganda for male participants.

Bivariate Analysis Findings
We performed weighted bivariate comparisons 
between HIV-negative and recently infected par-
ticipants (Table 2, https://wwwnc.cdc.gov/EID/
article/29/11/23-0703-T2.htm). Region was signifi-
cantly associated with recent HIV infection; persons 
living in western Africa represented only 27.1% of 
persons with recent HIV infections but represented 
51.5% of those who were HIV negative. In addition, 
female sex, age 25–34 years, and divorced or sepa-
rated marital status were associated with recent 
HIV infection. Among young adults 15–24 years 
of age, female participants accounted for 72.1% of 
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recent infections. Demographic variables not asso-
ciated with recent infection were urban and rural 
locations, household wealth, and working during 
the previous 12 months.

Behavioral factors were also associated with the 
prevalence of recent infections. For example, com-
pared with HIV-negative participants, those who had 
recent HIV infections were more likely to have had 
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Figure. Inclusion and exclusion 
criteria and final outcome status 
in study of population-based 
assessments of risk factors for 
recent HIV infections among 
sexually active adults in 14 sub-
Saharan Africa countries, 2015–
2019. Shaded circles indicate 
numbers of excluded participants 
and reasons for exclusion from 
the study. Final outcome was 
categorized into 3 groups of 
participants: recent HIV infection, 
long-term HIV infection, and 
HIV negative. PHIA, Population-
Based HIV Impact Assessment.

 
Table 1. Sample sizes of sexually active adults 15–49 years of age in study of risk factors for recent HIV infections among adults in 14 
countries in Africa identified by Population-based HIV Impact Assessment surveys, 2015–2019* 
Region and country HIV negative Long-term HIV infection Recent HIV infection Total sample size 
Western Africa 
 Cameroon 15,747 617 18 16,382 
 Cote d’Ivoire 11,688 258 4 11,950 
 Nigeria 93,895 1,537 31 95,463 
 Subtotal 121,330 2,412 53 123,795 
Eastern Africa 
 Ethiopia 8,131 265 4 8,400 
 Kenya 15,084 880 7 15,971 
 Tanzania 17,113 1,070 27 18,210 
 Rwanda 15,665 520 4 16,189 
 Uganda 17,850 1,171 30 19,051 
 Subtotal 73,843 3,906 72 77,821 
Southeastern Africa 
 Malawi 9,735 1,428 19 11,182 
 Zambia 9,762 1,486 30 11,278 
 Zimbabwe 9,663 1,976 21 11,660 
 Subtotal 29,160 4,890 70 34,120 
Southern Africa 
 Eswatini 3,848 2,004 22 5,874 
 Lesotho 5,480 2,107 31 7,618 
 Namibia 8,248 1,248 16 9,512 
 Subtotal 17,576 5,359 69 23,004 
Overall total 241,909 16,567 264 258,740 
*Sexually active adults are those who reported >1 sexual partner in the previous 12 mo. 
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a sexual debut at <18 years of age, had >1 partner in 
the previous 12 months, had sex with a partner with 
whom they were not living, not used condoms during 
their last sexual intercourse with a nonregular part-
ner, and had sex within the previous 12 months with 
a partner who had unknown HIV status or an HIV-
positive status (Table 2).

We also performed weighted bivariate compari-
sons of recently infected participants and those with 
long-term infections (Table 2). Compared with par-
ticipants 35–49 years of age, adolescents and young 
adults (15–34 years of age) had a greater percentage 
of recent infections than long-term infections. Par-
ticipants who were never married or were divorced/
separated had a greater percentage of recent than 
long-term infections, whereas those who were wid-
owed were more likely to have long-term infections. 
Sex, employment, education, household wealth, and 
urbanicity were not associated with recent versus 
long-term infections. Behavioral factors more com-
mon in participants who had recent HIV infections 
(compared with those with long-term HIV infections) 
were sexual debut at <18 years of age, >1 sexual part-
ner in the previous 12 months, having partners other 
than a spouse or live-in partner in the previous 12 
months, not using a condom during their last sexual 
intercourse, and having a partner in the previous 12 
months who had unknown HIV status (Table 2).

We performed bivariate exploratory compari-
sons of variables that were not collected consistently 
across all PHIAs or were only relevant to population 
subgroups (Table 3). Participants who had a sexually 
transmitted disease diagnosis or sexually transmitted 
infection symptoms and male participants who did 
not have a medical circumcision were more likely to 
be recently infected than HIV-negative. In addition, 
participants who had long-term infections were more 
likely to have previously been tested for HIV >1 year 
ago and were more likely to be uncircumcised than 
those who had a recent HIV infection (Table 3).

Multivariate Analysis Findings
In the adjusted model, the southern, southeastern, and 
eastern Africa regions and community-level viremia 
remained significantly associated with recent infec-
tions (Table 4). Participants living in countries within 
eastern, southeastern, and southern Africa had higher 
odds of recent HIV infection compared with those in 
western Africa, even after adjusting for community-
level viremia. In addition, participants grouped in the 
third and fourth highest quartiles of community-level 
viremia were more likely to have a recent HIV infec-
tion than those in the lowest quartile; the odds of re-
cent infection increased with each viremia quartile.

Individual demographic characteristics, includ-
ing sex and marital status, remained significantly 
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Table 3. Description of potential risk factors for HIV infection from data collected inconsistently across Population-Based HIV Impact 
Assessment surveys among adults in 14 countries in Africa, 2015–2019* 

Variable 

Recent HIV Infections 

 

HIV negative 

 

Long-term HIV infections 

No. 
Weighted 

No. 
Weighted 

p value No. 
Weighted 

p value No. % No. % No. % 
Previous HIV testing†              
 Never 29 12,504 13.3  28,497 18,070,566 21.2 0.08  950 12,504 8.7 0.0007 
 In previous year 120 40,316 42.8  63,272 34,907,993 41.0   4,941 1,852,308 33.3  
 >12 mo ago 79 41,334 43.9  54,926 32,071,315 37.7   9,053 3,230,533 58.1  
Hazardous drinking‡              
 Yes 23 6,465 12.3  7,687 3,782,225 10.7 0.61  1,286 464,592 14.8 0.38 
 No 115 46,171 87.7  53,395 31,645,051 89.3   8,038 2,671,216 85.2  
STD diagnosis§              
 Yes 7 2,891 10.7  1,239 780,205 4.0 0.02  350 153,294 7.3 0.23 
 No 68 24,249 89.3  37,007 18,917,995 96.0   4,889 1,939,752 92.6  
STI symptoms¶              
 Yes 24 14,602 27.0  9,189 7,347,057 14.3 0.007  1,448 790,794 21.6 0.28 
 No 81 39,535 73.0  59,901 46,925,388 85.7   5,602 2,865,735 78.4  
Victim of sexual violence by partner in previous 12 mo#         
 Yes 2 869 3.8  424 217,821 1.5 0.17  60 20,445 1.4 0.15 
 No 77 21,816 96.2  33,334 14,227,044 98.5   5,650 1,422,172 98.6  
VMMC status**              
 Medical  13 8,262 21.1  31,546 23,295,330 38.2 0.005  976 562,564 26.2 0.004 
 Traditional 26 16,358 41.7  36,456 26,060,244 42.7   1,028 508,445 23.7  
 None 36 14,610 37.2  24,119 11,612,109 19.0   2,797 1,073,815 50.1  
*STD, sexually transmitted disease; STI, sexually transmitted infection; VMMC, voluntary medical male circumcision. 
†Excludes Nigeria. 
‡Includes Eswatini, Kenya, Malawi, Namibia, Tanzania, Zambia, and Zimbabwe. 
§Includes Ethiopia, Kenya, Malawi, Zambia, and Zimbabwe. 
¶Includes Ethiopia, Kenya, Malawi, Tanzania, Zambia, and Zimbabwe. 
#Includes a single participant per household in Cameroon, Cote D’Ivoire, Ethiopia, Lesotho, Malawi, Namibia, Eswatini, Uganda, Zambia, and Zimbabwe. 
**Men only. 
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associated with HIV acquisition; female participants 
had 1.82 times greater odds of recent HIV infection 
than for male participants. In addition, participants 
who were divorced, separated, or widowed had 3.58 
times greater odds of recent HIV infection than for 
those who were never married. Age group was not 
significantly associated with HIV acquisition risk in 
adjusted models (Table 4). Sexual behavior charac-
teristics that remained significantly associated with 
recent HIV acquisition were having >1 partner in the 
previous 12 months (adjusted odds ratio [aOR] 1.92) 
and having >1 partner who thought or was told they 
were HIV-positive (aOR 7.25) or had unknown HIV 
status (aOR 2.05).

In the multivariable model, compared to those 
with longstanding infections, those 15–24 years of 
age (aOR 4.79) and 25–34 years of age (aOR 2.23) were 
more likely to have a recently acquired infection than 
were participants who were 35–49 years of age (Table 
5). Participants who used a condom the last time they 
had sex (aOR 0.46) and had >1 partner in the previ-
ous 12 months that the participant believed or knew 
to be HIV-positive (aOR 0.17) were less likely to have 
a recent infection than a long-term infection. Region, 
sex, marital status, age of sexual debut, partner age 
differences, and community-level viremia did not sig-
nificantly differ between those with recent and long-
term infections.
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Table 4. Correlates of recent and long-term HIV infections compared with HIV negativity in study of risk factors for HIV infections 
among adults in 14 countries in Africa identified by Population-Based HIV Impact Assessment surveys, 2015–2019 

Category 

Recent infection vs. HIV-negative 

 

Long-term infection vs. HIV-negative 
Crude odds ratio 

(95% CI) 
Adjusted odds ratio 

(95% CI) 
Crude odds ratio 

(95% CI) 
Adjusted odds ratio 

(95% CI) 
Region      
 Eastern Africa 2.26 (1.46–3.50) 1.88 (1.18–3.02)  2.74 (2.53–3.00) 1.73 (1.58–1.89) 
 Southeastern Africa 4.39 (2.86–6.73) 2.74 (1.64–4.57)  7.74 (7.17–8.35) 2.66 (2.42–2.93) 
 Southern Africa 8.58 (5.54–13.28) 4.73 (2.65–8.44)  15.02 (13.89–16.25) 4.03 (3.63–4.47) 
 Western Africa Referent Referent  Referent Referent 
Sex      
 F 1.56 (1.09–2.24) 1.82 (1.11–2.98)  1.62 (1.55–1.70) 1.81 (1.68–1.96) 
 M Referent Referent  Referent Referent 
Age group, y      
 15-24 1.60 (1.02–2.51) 1.26 (0.74–2.15)  0.27 (0.25–0.29) 0.26 (0.24–0.29) 
 25-34 1.68 (1.09–2.58) 1.43 (0.92–2.23)  0.64 (0.61–0.68) 0.64 (0.60–0.68) 
 35-49 Referent Referent  Referent Referent 
Marital status      
 Married/cohabiting 0.87 (0.58–1.31) 1.16 (0.67–1.99)  1.92 (1.79–2.07) 1.35 (1.21–1.51) 
 Divorced/separated/widowed 4.24 (2.48–7.26) 3.58 (1.92–6.69)  6.97 (6.37–7.62) 3.28 (2.91–3.70) 
 Never married Referent Referent  Referent Referent 
Age of sexual debut, y      
 <18 1.74 (1.23–2.46) 1.42 (0.99–2.04)  1.17 (1.11–1.23) 1.20 (1.13–1.28) 
 ≥18 Referent Referent  Referent Referent 
No. sexual partners in previous 12 mo      
 1 partner Referent Referent  Referent Referent 
 >2 partners 1.95 (1.34–2.83) 1.92 (1.23–3.00)  0.99 (0.93–1.06) 1.05 (0.96–1.15) 
Condom used at last sex      
 Condom used 1.32 (0.88–1.99) 0.97 (0.58–1.62)  2.59 (2.45–2.73) 2.13 (1.97–2.30) 
 Condom not used Referent Referent  Referent Referent 
HIV status of sexual partners in previous 
12 mo 

     

 >1 partner thought/told/tested HIV+ 15.15 (6.81–33.69) 7.25 (3.41–15.40)  68.92 (6.80–33.68) 42.74 (38.53–47.42) 
 >1 partner with unknown HIV status 1.90 (1.34–2.69) 2.05 (1.38–3.03)  1.41 (1.32–1.49) 1.73 (1.62–1.85) 
 All partners thought/told/tested HIV– Referent Referent  Referent Referent 
Age difference with sexual partners      
 All partners <5 years older than 
participant 

Referent Referent  Referent Referent 

 >1 partner 5–9 years older than 
participant 

1.38 (0.95–2.02) 1.05 (0.67–1.66)  1.27 (1.20–1.35) 0.97 (0.90–1.06) 

 >1 partner >10 years older than 
participant 

0.98 (0.65–1.48) 0.97 (0.58–1.62)  1.20 (1.13–1.27) 1.15 (1.06–1.25) 

Community-level viremia*      
 Lowest quartile  Referent Referent  Referent Referent 
 Second quartile 1.42 (0.64–3.13) 1.86 (0.79–4.38)  1.57 (1.38–1.80) 1.85 (1.62–2.11) 
 Third quartile 2.87 (1.36–6.08) 3.16 (1.38–7.26)  3.99 (3.56–4.48) 3.68 (3.27–4.13) 
 Highest quartile  6.58 (3.22–13.46) 4.81 (2.10–11.00)  11.38 (10.21–12.68) 6.84 (6.09–7.69) 
*Lowest quartile (0–25%), <39.38 viremic persons/10,000 population; second quartile (25%–50%), 39.38–122.51 viremic persons/10,000 population; third 
quartile (50%–75%), 122.52–297.03 viremic persons/10,000 population; highest quartile (76%–100%), >297.03 viremic persons/10,000 population. 
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Discussion
We compared persons recently infected with HIV, 
HIV-negative persons, and persons with long-term 
HIV infections in 14 countries within sub-Saharan 
Africa by using large, nationally representative, 
population-based surveys. Participants living in re-
gions of sub-Saharan Africa with higher HIV preva-
lence were considerably more likely to have a recent 
HIV infection. Similarly, participants living in com-
munities with higher prevalence of HIV viremia 
had higher odds of recent HIV infection. Both asso-
ciations persisted after controlling for individual risk 
factors. Treatment as prevention (TasP) is a primary 
strategy for ending the HIV epidemic and is an es-
sential strategy within the conceptual framework of 
UNAIDS 95–95–95 goals (that 95% of people living 
with HIV/AIDS know their status, 95% of those who 
know their status are on treatment, and 95% of those 

on treatment are virally suppressed). Multiple stud-
ies have shown that persons with undetectable levels 
of HIV (i.e., HIV viral load <200 copies/mL blood) 
have essentially no risk of transmitting HIV through 
sex (19,20). However, population-based studies that 
assess the effects of TasP on HIV incidence in commu-
nities have had fewer clear outcomes; some studies 
found a lack of population-level effect of TasP (21). 
Persons living in areas with higher HIV prevalence or 
higher prevalence of viremic people living with HIV/
AIDS have increased likelihood of acquiring HIV 
infections (22). This finding reinforces the potential 
benefits of identifying persons who are unaware of 
their HIV infection and enrolling them in treatment 
programs to achieve sustained HIV viral suppression, 
as well as benefits of prevention interventions, such 
as scale-up of HIV preexposure prophylaxis accord-
ing to programmatic need.
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Table 5. Crude and adjusted odds ratios comparing recent and long-term HIV infections in study of risk factors for HIV infections 
among adults in 14 countries in Africa identified by Population-Based HIV Impact Assessment surveys, 2015–2019 
Category Crude odds ratio (95% CI) Adjusted odds ratio (95% CI)  
Region   
 Eastern Africa 0.82 (0.53–1.28) 1.10 (0.68–1.76) 
 Southeastern Africa 0.57 (0.37–0.88) 1.03 (0.61–1.73) 
 Southern Africa 0.57 (0.37–0.89) 1.18 (0.66–2.11) 
 Western Africa Referent Referent 
Sex   
 F 0.96 (0.67–1.38) 1.00 (0.61–1.65) 

M Referent Referent 
Age Group, y   
 15–24 6.03 (3.81–9.53) 4.79 (2.79–8.24) 
 25–34 2.60 (1.69–4.01) 2.23 (1.43–3.47) 
 35–49 Referent Referent 
Marital Status   
 Married/cohabiting 0.45 (0.30–0.68) 0.86 (0.49–1.49) 
 Divorced/separated/widowed 0.61 (0.35–1.05) 1.09 (0.58–2.06) 
 Never married Referent Referent 
Age of Sexual Debut, y   
 <18 1.49 (1.05–2.11) 1.19 (0.82–1.71) 
 >18 Referent Referent 
No. sexual partners in previous 12 mo   
 1 Referent Referent 
 >2 1.96 (1.35–2.85) 1.83 (1.17–2.86) 
Condom used at last sex   
 Condom used 0.51 (0.34–0.77) 0.46 (0.28–0.74) 
 Condom not used Referent Referent 
HIV status of sexual partners    
 >1 partner thought/told/tested HIV+ 0.22 (0.10–0.49) 0.17 (0.08–0.36) 
 >1 partner with unknown HIV status 1.35 (0.95–1.92) 1.18 (0.80–1.76) 
 All partners thought/told/tested HIV– Referent Referent 
Age difference with sexual partners    
 Partners <5 years older than participant Referent Referent 
 >1 partner 5–9 years older than participant 1.09 (0.74–1.59) 1.08 (0.68–1.72) 
 >1 partner >10 years older than participant 0.82 (0.54–1.24) 0.84 (0.50–1.42) 
Community-level viremia*   
 Lowest quartile Referent Referent 
 Second quartile 0.90 (0.40–2.01) 1.01 (0.43–2.39) 
 Third quartile 0.72 (0.34–1.54) 0.86 (0.37–1.99) 
 Highest quartile 0.58 (0.28–1.19) 0.70 (0.31–1.62) 
*Lowest quartile (0–25%), <39.38 viremic persons/10,000 population; second quartile (25%–50%), 39.38–122.51 viremic persons/10,000 population; third 
quartile (50%–75%), 122.52–297.03 viremic persons/10,000 population; highest quartile (76%–100%), >297.03 viremic persons/10,000 population. 
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Consistent with existing literature from sub-
Saharan Africa, we found that recent HIV infection 
was higher in female than male participants; female 
participants accounted for 65% of recent infections 
and had ≈2 times the adjusted odds of recent HIV in-
fection compared with male participants (12,23). The 
estimated proportion of new infections occurring 
among adolescents and young adults 15–24 years 
of age (31.4%) was largely consistent with UNAIDS 
estimates of 2 in 7 new infections occurring among 
that age group (24). We also found that >70% of new 
HIV infections among adolescents and young adults 
were acquired by female participants, in line with 
the 60%–80% estimates by UNAIDS (25). Those find-
ings highlight the continued need for HIV preven-
tion programs for women and girls, along with other 
sexual and reproductive health services. Gender dis-
parities in HIV incidence also highlight the need to 
engage male patients in treatment uptake and reten-
tion efforts to further reduce infections among their 
female partners (26). Age group was not associated 
with risk for recent HIV infection in adjusted mod-
els, indicating the importance of HIV prevention 
programming across the age continuum among sex-
ually active adolescents and adults.

Compared with participants having sex only 
with partners they believed or knew were nega-
tive for HIV, having a partner that the participant 
knew or believed was positive for HIV or a part-
ner with unknown HIV status was associated with 
acquiring a recent HIV infection. The relationship 
was stronger for those with a partner known or be-
lieved to be positive for HIV. Still, most new infec-
tions occurred among those who had a sex partner 
with unknown HIV status. Very few participants 
with recent HIV infection had sex only with part-
ners they thought were negative for HIV. Having 
sex with a partner outside of marriage, a sexual 
debut before turning 18 years of age, and having 
multiple partners were also associated with an in-
creased risk for new HIV infection. Those findings 
are not surprising, because they are broadly consis-
tent with similar analyses completed over the pre-
vious 2 decades (12,13). Although HIV incidence 
has decreased during that period, further declines 
in incidence and reduction in incidence disparities 
might rely on continued targeted testing to identify 
those persons at risk of transmitting HIV, as well as 
interventions that encourage disclosure of positive 
status, promote access to antiretroviral therapy to 
suppress viral load, prevent transmission, reduce 
the number of sexual partners, and promote safe 
sex and access to preexposure prophylaxis.

Certain factors could not be included in the fi-
nal model because those data were collected incon-
sistently across countries or were applicable only to 
subpopulations. However, voluntary medical male 
circumcision has been shown to reduce the risk of 
HIV acquisition by 38%–66% (27), and our bivari-
ate comparisons of participants with recent infec-
tions compared with HIV-negative participants are 
consistent with those data. Additional analyses of 
PHIA data from fewer countries but using meth-
ods designed to specifically determine the effect of 
male medical circumcision on HIV incidence have 
similarly found a substantial protective effect, par-
ticularly among younger men and boys 15–34 years 
of age (28).

Although using RITAs in cross-sectional sur-
veys enables the examination of risk factors for new 
infections, limitations to this approach exist. PHIAs 
are designed to estimate national incidence rates by 
using RITAs and are not powered to examine any 
specific associations between potential risk factors 
and recent infections. Even though PHIAs were used 
in some countries with the highest HIV prevalence 
worldwide and sample sizes were large, very few 
(range 4–31) recent infections among the study pop-
ulations were identified. The rarity of the outcome 
precluded country-specific analyses of risk factors 
for recent infections. In addition, cultural context, 
epidemic dynamics, and responses of governments 
to the epidemic are not homogenous across the con-
tinent. Therefore, we could not examine those nu-
ances across or within countries. The size and scope 
of PHIAs prevents data being available in near real-
time; thus, delays in monitoring HIV-acquisition 
trends using survey-based approaches exist, and 
risk factors for new infection might change over 
time. In addition, previous studies that have used a 
similar approach within a single country had larger 
sample sizes of recent infections because a larger 
proportion of HIV infections were classified as re-
cent, such as 7% in Kenya (13) and 17% in Uganda 
(12). In contrast, only 1.6% of HIV infections in our 
study were classified as recent infections, likely be-
cause incidence rates have declined; the studies in 
Uganda (12) and Kenya (13) used data collected dur-
ing 2007, whereas PHIA data used in our study were 
collected during 2015–2019. Furthermore, differenc-
es in RITAs might have contributed to differences in 
proportions of HIV infections classified as recent; for 
example, the Uganda study used a different assay, 
which might have a higher false recency rate than 
the LAg-avidity EIA (29). Moreover, PHIAs used in 
our study were conducted with a revised RITA that 
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incorporated viral load (>1,000 copies/mL) and ab-
sence of antiretroviral drug metabolites.

Because this study used a pooled analysis, we 
were limited to factors that were collected consistent-
ly across each PHIA, reducing our ability to examine 
potential relationships between recent infections and 
other factors, such as mobility, violence, stigma, alco-
hol use, and sexually transmitted infection symptoms 
or diagnosis, which were not collected consistently 
across countries. Other potential risk factors, such as 
education, had to be regrouped into broad categories 
that might have limited our analysis of their relation-
ship with recent HIV infection. Furthermore, only 
countries that completed a PHIA were included in 
the analysis; therefore, results might not be generaliz-
able to other countries in sub-Saharan Africa. Com-
munity-level viremia was calculated at the stratum 
level, which often represented larger geographic or 
political areas such as regions or provinces. Finally, a 
potential for misclassification of potential risk factors 
in PHIAs existed because of the self-reported nature 
of risk factors of interest and potential for outcome 
misclassification by RITA.

Despite those limitations, we successfully iden-
tified key factors associated with recent infections 
among the adult populations of 14 countries that have 
high HIV burdens. Focusing prevention resources on 
persons who are at higher risk of acquiring a recent 
infection should contribute to the continued decline 
in HIV incidence and, ultimately, to epidemic control. 
Additional strategies will be needed to monitor recent 
infections, such as routine surveillance as part of HIV 
testing services for rapid case and cluster investiga-
tions (30–32) or using testing history–based methods 
to classify recent infections within surveys that do not 
require the use of a recency assay (33). Those data will 
provide actionable information for HIV programs re-
garding new outbreak locations and where preven-
tion resources might be needed most (30).
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