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Abstract

Between October 2015 and August 2016, Zimbabwe conducted the Zimbabwe Population-Based 

HIV Impact Assessment (ZIMPHIA) cross-sectional survey to determine progress toward 

epidemic control. Of 25,131 eligible adults aged 15–64 years, 20,577 (81.8%) consented to face-

to-face questionnaire and biomarker testing in this nationally representative household survey. 

Home-based rapid HIV testing was performed using Determine, First Response, and STAT-PAK as 

the tiebreaker. HIV-positive tests were confirmed in a laboratory using Geenius HIV-1/2; viral load 
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(VL) was measured using Roche TaqMan and BioMerieux NucliSENS. Recency of infection was 

tested using Sedia HIV-1 Limiting Antigen (LAg)-Avidity. Presence of antiretroviral (ARV) drugs 

was detected using high performance liquid chromatography/mass spectrometry (HPLC/MS). The 

recent infection testing algorithm included LAg-avidity enzyme immunoassay [normalized optical 

density (ODn ≤1.5), VL ≥1,000 copies/mL, and absence of ARV drugs]. Weighted annual HIV 

incidence was compared with United Nations Joint Programme on HIV/AIDS (UNAIDS) 

Spectrum models estimates. Overall, 26 of 2,901 HIV-seropositive individuals had a recent 

infection (men, 8; women, 18). Overall weighted annual incidence among persons aged 15–64 

years was 0.42% [95% confidence interval (CI): 0.25–0.59] and was 0.44% (95% CI: 0.25–0.62) 

for those aged 15–49 years, similar to 2016 Spectrum model estimate (0.54%, 95% CI: 0.49–0.66) 

for this age group. Among persons aged 15–49 years, HIV prevalence was 13.35% (95% CI: 

12.71–14.02), estimated HIV-positive individuals were 968,951 (95% CI: 911,473–1,026,430), of 

these, 41,911 (95% CI: 37,412–44,787) were annual-new infections, and this was similar to 2016 

Spectrum estimates. The observed HIV incidence in ZIMPHIA 2015–2016 validated the 2016 

Spectrum estimates and Zimbabwe’s progress toward epidemic control.
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Introduction

Reducing HIV incidence, the rate of new infections occurring in a susceptible population 

during a specified period, has become a global priority to end the HIV epidemic by 2030.1,2 

Global targets aim to reduce HIV incidence by 75% by the end of 2020.2–4 These targets for 

reducing new infections are supported by the accelerated scale-up of antiretroviral treatment 

(ART) programs and biomedical and behavioral prevention strategies. The United Nations 

Joint Programme on HIV/AIDS (UNAIDS) first reported major declines in high HIV disease 

burden in Eastern and Southern Africa in 2015.2 The decline in HIV prevalence reported for 

Zimbabwe, Kenya, and Malawi was attributed, among other factors, to prevention strategies, 

such as increasing condom use and reducing sexual partners.3

Across the world, in the early 1990s, countries used HIV prevalence among young people as 

a proxy measure for incidence because HIV infection occurs primarily through sexual 

transmission.5,6 The Futures Group under contract from UNAIDS developed mathematical 

models for estimating HIV incidence, including the Spectrum model, that have been 

validated in some settings.7–9 Program data, HIV prevalence data from antenatal clinic 

surveillance, and nationally representative survey data are used to calibrate the model and to 

provide estimates of prevalence, number of new infections, and program impact projections.
7 The UNAIDS Spectrum estimates indicate that globally the number of new HIV infections 

decreased between 2000 and 2014.2–4 In sub-Saharan Africa, where 70% of the 37.2 million 

are people living with HIV (PLHIV), new HIV infections decreased by 41%.3 On the basis 

of mathematically modeled HIV incidence, UNAIDS further suggested that Eastern and 

Southern Africa experienced the largest declines in new infections between 2000 and 2014, 

while these decreases are now marginal or almost static in the rest of the world as of 2015.3
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Laboratory assays and recent infection testing algorithms (RITA) can estimate HIV 

incidence directly, and estimates are similar to actual incidence measured in prospective 

cohort studies.10 Although these laboratory assays are inexpensive, a large sample size is 

required when incidence is low. Recent advances in laboratory assays have made it possible 

to measure HIV incidence using samples collected in nationally representative population-

based surveys that use cross-sectional methodology. The limiting antigen-avidity enzyme 

immunoassay (LAg EIA assay) was first applied to samples collected in the Swaziland HIV 

Incidence Measurement Survey (SHIMS; 2010–2011).11 This survey estimated HIV 

incidence using three methods: prospectively observed seroconversions, LAg plus HIV RNA 

[viral load (VL)]-based estimates, and nucleic acid amplification testing (NAAT).11,12 The 

LAg assay and NAAT estimated incidence at 2.6%, which was comparable to the 

prospectively observed rate (2.4%).12 The LAg assay is now widely accepted and used to 

estimate HIV-1 incidence in population-based surveys, and subsequent studies using LAg 

assays have been conducted in Swaziland and South Africa to measure HIV incidence 

among pregnant women and in other large-scale surveys.11,13

Estimated HIV prevalence rates in Zimbabwe suggest a sharp decrease in the HIV epidemic.
14 On the basis of Zimbabwe Demographic Health Surveys conducted in 2005–2006 and 

2015–2016 data, we observed HIV prevalence declined from 18.1% to 13.8% between 2005 

and 2015.15,16 In a 2010 mathematical modeling study, Gregson et al. suggested that 

exposure to HIV prevention programs and high morbidity and mortality rates within 

communities resulted in more awareness that led to behavioral change and subsequent 

reductions in HIV incidence.17 Halperin et al. highlighted the adoption of safe sexual 

practices as a main driver of reductions in HIV incidence.14 Using data from antenatal 

women in Harare, Hargrove et al. developed a simple susceptible-infected model to fit age-

stratified pooled prevalence, incidence, and mortality.18 They estimated that HIV incidence 

had peaked at 5.5% in 1991 and declined to 1.0% in 2010 among women attending antenatal 

services in Harare.18

Zimbabwe is one of the top five Sub-Saharan with high HIV diseases burden, mainly from 

heterosexual transmission.19 UNAIDS has supported Zimbabwe to generate HIV incidence 

estimates using the Spectrum model since 2004. To confirm these model-based HIV 

incidence estimates (especially the 2016 Spectrum model estimates) and to evaluate the 

impact of large-scale investments in HIV prevention, care, and treatment in the last decade, 

the government of Zimbabwe conducted the first Zimbabwe Population-Based HIV Impact 

Assessment (ZIMPHIA) from October 2015 to August 2016. ZIMPHIA assessed HIV 

incidence at the national level; provided critical information on the utilization of past 

prevention, care, and treatment programs; and captured current data on HIV-related factors 

at the population level, including among individuals who do not know their HIV status.

In this report, we estimate HIV incidence from ZIMPHIA data and describe population-level 

demographic factors. We also compare ZIMPHIA HIV incidence estimates with the 2016 

HIV incidence estimates derived from the UNAIDS Spectrum model.
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Materials and Methods

ZIMPHIA 2015–2016 was a nationally representative cross-sectional population-based 

household survey using a two-stage cluster sample design. In the first stage, 500 

enumeration areas were included in the sample using probability proportional to size. In 

stage two, an average of 30 households in each enumeration area was randomly selected 

using an equal probability method. The survey was powered to detect HIV incidence in 

adults (aged 15–64 years) at a national level with standard error of ≤24.9%. Full methods 

were published in the final report.20

Before administering individual interviews, study staff obtained written informed consent 

(recorded electronically) from individuals aged ≥16 years. Parents or guardians provided 

written permission before unemancipated 15-year-olds were approached. After completing 

the individual interview, participants provided written consent before participating in the 

biomarker component of the survey. All individuals were considered eligible for 

participation if they slept at the household the night before; could speak English, Ndebele, or 

Shona; and had the visual, auditory, and mental capacities to consent to the survey.

Laboratory testing

Home-based HIV testing was performed using the national serial rapid test algorithm 

beginning with the Alere Determine HIV-1/2 test (Abbott Laboratories, Lake Forest, IL) as 

the screening test. Reactive samples on Determine were confirmed using First Response 

HIV 1–2-0 Card Test (Premier Medical Corp Ltd, Mumbai, India). Samples testing 

nonreactive on First Response underwent further testing on the HIV 1/2 STAT-PAK Assay 

(Chembio, Medford, NY) as the tiebreaker test. Samples that tested reactive by two of the 

three rapid tests were classified as HIV positive and were further confirmed using Geenius 

HIV-1/2 Confirmatory Assay (Bio-Rad Laboratories, Hercules, CA) in a satellite laboratory. 

All HIV-positive samples were tested for RNA VL levels using COBAS AmpliPrep/COBAS 

TaqMan HIV-1 Test v2.0 (Roche Diagnostics Corp, Basel, Switzerland) for plasma 

specimens or NucliSENS EasyQ HIV-1 v2.0 assay (BioMérieux, France) for dried blood 

spot specimens at the central laboratory. Recency testing was performed on all HIV-positive 

samples using Sedia HIV-1 LAg-Avidity EIA (Sedia Biosciences, Portland, OR) for both 

plasma and dried blood spot (DBS) samples (separate kits).21,22

A qualitative, high-performance, liquid chromatography tandem mass spectrometry assay 

was developed and validated for the assessment of efavirenz, lopinavir, and nevirapine from 

dried blood spots at the Division of Clinical Pharmacology, University of Cape Town. The 

samples were processed with a protein precipitation extraction method. Deuterated internal 

standards were used for each analyte. The extraction procedure was followed by liquid 

chromatographic separation using a Phenomenex Kinetex EVO C18 (1.7 μm, 2.1 ×·50 mm, 

100 Å; Torrance, CA) analytical column. An AB Sciex API 4000 (Framingham, MA) mass 

spectrometer at unit resolution in the multiple reaction monitoring mode was used to 

monitor the transition of the protonated precursor ions m/z 705.6, 316.0, 629.6, and 267.1 to 

the product ions m/z 168.2, 243.9, 447.3, and 226.0 for efavirenz, lopinavir, and nevirapine, 

respectively. Electrospray ionization was used for ion production. The assay was validated 

over the range of 0.02–5.0 μg/mL, and 0.02 μg/mL was used as the cutoff concentration 
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(Division of Clinical Pharmacology, Department of Medicine, University of Cape Town, 

Personal Communication).

Incidence outcome

On the basis of recent unpublished results, the absence of selected antiretroviral (ARVs) 

drugs was added to RITA to avoid misclassifying as recently infected participants with a 

long-term infection who were receiving ART but did not have VL suppression. Samples 

were therefore categorized as recent based on an algorithm including LAg (≤1.5 normalized 

optical density units), HIV RNA VL (≥1,000 copies/mL), and the absence of the selected 

ARV agents. Annualized incidence estimates were based on methods described below.

Ethical considerations

The study received ethical approval from the Medical Research Council of Zimbabwe, the 

Research Council of Zimbabwe, the Centers for Disease Control and Prevention (CDC) 

Institutional Review Board (IRB), Columbia University IRB, and WESTAT IRB.

Statistical analysis

Previous estimates of HIV incidence were based on Microsoft Excel spreadsheets that were 

collectively known as Assay-Based Incidence Estimation tools. These calculators were 

initially developed by the United States based CDC and are now jointly updated and 

maintained in collaboration with UNAIDS, the World Health Organization (WHO), the 

Consortium for the Evaluation and Performance of HIV Incidence, and South African 

Centre for Epidemiological Modelling and Analysis at Stellenbosch University and are 

available online (www.incidence-estimation.org/page/spreadsheet-tools-forbiomarker-

incidence-surveys).23 These calculators have now been superseded by the R inctools 
package.20

In this analysis, we used SAS script to obtain incidence estimates using the formula 

recommended by the WHO Incidence Working Group and CEPHIA (Division of Clinical 

Pharmacology, Department of Medicine, University of Cape Town, Personal 

Communication). The initial results from the laboratory classify individuals as negative or 

positive for the HIV assay test. In the first step, individual blood weights are applied to HIV 

status and recency status variables to derive the following inputs as required in the code: R, 

the number of individuals testing recent, N′ the adjusted number of individuals testing HIV 

negative, and Q the number of HIV-positive people tested.

The annual risk of infection is the probability of becoming infected within a period of 1 year. 

Formally, the adjusted annual risk of HIV infection (JT) is calculated from:

JT = R − εP
R + ϖTN − ε(N + P) (1)

Alternatively, the adjusted instantaneous incidence rate (IT) is given by:
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I T = R − εP
ΩT − εT N (2)

where R is the number of recent cases among P testing HIV positive, N is the number testing 

HIV negative, and T is the time (1 year in our case) over which the mean duration of recent 

infection (MDRI) (ΩT) and the false recency rate (ε) are defined. The unadjusted values (jT 

and iT) are found by setting ε = 0 in Equations (1) and (2) to give:

j T = R
R + ΩTN (3)

i T = R
ΩTN (4)

The following LAg assay parameters were used: MDRI [130 days, 95% confidence interval 

(CI): 118–142 days], T as cutoff time for the assay set at 1 year, and the proportion of false-

recent individuals set to zero on the basis of the algorithm that includes LAg assay, VL, and 

ART testing.

The annual incidence rate (Ia) was calculated using the equation:

Ia = R
ΩTN′ (5)

The number of individuals with a recent infection can be derived by multiplying the Ia by the 

number of people at risk in the country.

We focused our analysis on all adults aged 15–64 years and stratified results into two age 

groups (15–49 year group and 15–24 year group) because of the global strategies targeting 

these age groups.

To mitigate inaccurate estimates arising from differential response across demographic 

groups, we used the chi-square automatic interaction detection (CHAID), a decision tree 

technique, based on adjusted significance testing. The technique was developed in South 

Africa and was published in 1980 by Gordon V. Kass, who had completed a PhD thesis on 

this topic. CHAID adjustment was used for nonresponse to add a robust approach to 

weighting, as described in the ZIMPHIA Final Report.19

UNAIDS Spectrum incidence estimates

The Spectrum mathematical models use HIV surveillance, program data, and indicator 

inputs from population and special survey data to predict annual HIV incidence, prevalence, 

and program gaps and coverages. Each model provides estimates for previous years and 

future projections. These outputs cannot be compared with other versions because each 

version has features and calibrations that are specific to the version. In this regard, outputs 

across the different years can only be compared for each model. The UNAIDS has supported 
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Zimbabwe Estimates team to prepare annual estimates and projections since 2004. In this 

report, we compare the ZIMPHIA survey data with the 2016 HIV estimates that were 

generated using the 2016 Spectrum model, version 5.43.24

Results

Between October 2015 and August 2016, the heads of household from 11,717 of 13,828 

(84%) selected, occupied households in Zimbabwe agreed to participate in the survey. A 

total of 25,131 potentially eligible adults (14,033 men and 11,098 women) from these 

participating households were approached. Of these, using weighted percentages, 89% 

agreed to participate in the individual interview, and 92% and 90% of eligible women and 

men, respectively, provided blood samples for biomarker analysis. A total of 20,577 adults 

(aged 15–64 years) consented to both a face-to-face interview and HIV testing, resulting in 

an unweighted response rate of 82% among all eligible adults. Over one third of the 

population consisted of adolescents and young adults aged 15–24 years (36.6%). Most study 

participants (64%) resided in rural areas, and 25% reported that they had never tested for 

HIV (Table 1). The overall HIV prevalence for adults aged 15–64 years was 14.08% (95% 

CI: 13.5–14.7) and was 12.0% (95% CI: 11.2–12.8) among men and 16.0% (95% CI: 15.3–

16.7) among women. In the 15–24 year group, HIV prevalence among women was 5.9% 

(95% CI: 5.0–6.7), which was nearly twice that of men (3.0%, 95% CI: 2.4–3.7).

Of the of 2,901 HIV-positive individuals tested for evidence of recent infection, 26 (18 

women, 8 men) were identified as recently infected via RITA, which included testing for VL 

and for the presence of ARVs to improve positive predictive value (Table 2). Most 

individuals with a recent HIV infection (n = 22, 84.6%) reported previously testing negative 

for HIV. The incidence estimates among those who had previously ever tested for HIV was 

0.48% (95% CI: 0.27–0.69) and was 0.25% (95% CI: 0.01–0.49) for participants without 

prior HIV testing.

The weighted annual HIV incidence was 0.42% (95% CI: 0.25–0.59) among all adults aged 

15–64 years and was 0.44% (95% CI: 0.25–0.62) for adults aged 15–49 years. In the 15–24 

year group, HIV incidence was 0.14% (95% CI: 0.00–0.37) among men and was 0.46% 

(95% CI: 0.09–0.82) among women. By residence, HIV incidence among women was 

0.62% (95% CI: 0.15–1.10) in urban areas compared with 0.43% (95% CI: 0.17–0.69) in 

rural areas. For men, incidence was 0.19% (95% CI: 0.00–0.56) in urban areas compared 

with 0.40% (95% CI: 0.11–0.68) in rural settings.

The UNAIDS Spectrum models show a steady decline in HIV incidence from 4.66% in 

1993, to 1.03% in 2010, to 0.66% in 2015, to 0.54% (95% CI: 0.49–0.66) in 2016 (Fig. 1).20 

The sharpest decline in HIV incidence was between 1994 and 2005. The ZIMPHIA 

incidence estimate based on LAg, VL, and absence of selected ARV agents was 0.44% (95% 

CI: 0.25–0.62), and the estimate based on LAg and VL was 0.48% (95% CI: 0.29–0.66); 

both estimates were similar to the 2016 Spectrum estimate (0.54%, 95% CI: 0.49–0.66).

Other key indicators derived from ZIMPHIA also were comparable to estimates derived 

using the 2016 Spectrum model for adults aged 15–49 years (Table 3).
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The disease burden (total PLHIV) and the number of new infections estimated by both 

ZIMPHIA and Spectrum were similar (overlap in 95% CI). The numerically higher estimate 

obtained in ZIMPHIA despite a lower incidence is due to differences in the base population 

denominators that were applied.

Discussion

The first nationally representative Zimbabwe Population-Based HIV Impact Assessment 

(ZIMPHIA) survey found that annual HIV incidence was 0.44% among adults aged 15–49 

years in 2015–2016, similar to the 2016 UNAIDS Spectrum incidence estimate (0.54%). 

The Spectrum estimates for HIV prevalence, number of PLHIV, and those with new 

infections were also comparable to the ZIMPHIA point estimates.

Although the primary objective of the survey was to obtain population-based estimates of 

HIV incidence and VL suppression, this survey also provided an opportunity to validate the 

UNAIDS Spectrum estimates. The 2016 Spectrum HIV incidence estimates are not 

disaggregated by demographic data such as age group or by programmatic disaggregation 

such as by HIV testing status, that is, ever tested was done in ZIMPHIA. However, the small 

sample size of recently infected individuals in ZIMPHIA did not support exploration of 

sexual risk behaviors (e.g., age at first sex, paid sex, multiple sexual partners, or condom use 

in high-risk sex) and other sociodemographic characteristics. Although limited, this analysis 

of ZIMPHIA data is useful in identifying the potential drivers of new infections in 

Zimbabwe.

The ZIMPHIA survey provided the first national profile of incidence estimates 

disaggregated by demographic and programmatic variables. The HIV incidence point 

estimate was nearly twice as high among women compared with men in the 15–49 year age 

group; although these estimates were not significantly different, they do suggest the need for 

gender-sensitive interventions. The point estimate for HIV incidence of 0.95% among 

women aged 25–34 years is notable and raises the question of whether this is driven by 

multiple concurrent partners while in a marital union, as observed in other studies.19 In the 

15–24 year group, the point estimate among young women (0.46%) was higher than that of 

young men (0.14%); as above, there was an overlap in the CI suggesting that these were not 

different. Regardless, of this, the trend suggests age-specific interventions may be warranted.

The 2012 Zimbabwe census showed that 67% of the population resided in rural areas; 

however, internal migration is unquantified, with unofficial reports from urban councils 

suggesting that an influx from rural to urban areas resulted from economic challenges in 

2006–2010.25 Overall, ZIMPHIA showed similar incidence in urban and rural settings.

The ZIMPHIA incidence estimate is conservative because the proportional false recent 

(PFR) of RITA was set to zero. If we had used a PFR that was above zero, this would have 

resulted in a further lowering of incidence. In our case, adding ARV screening lowered 

incidence from 0.48% to 0.44% in the 15–49 year age group. However, SHIMS 201111 and 

Huerga et al.26 show that ARV adjustment may not always be needed: the non-ARV adjusted 

LAg incidence estimate (2.5%) basically matched both the NAAT-based estimate (2.6%) and 
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the prospectively observed HIV incidence (2.4%) in SHIMS.11 The utility of ARV 

adjustments in RITA depend on the state of ARV use in the population, which is expanding, 

and may be important in subsequent surveys.

The small sample of recent infections did not allow us to conduct detailed explorations of 

associations with sexual behaviors. While a second wave of PHIAs is currently ongoing, 

there was no attempt to increase the adult sample size as it was considered to be sufficiently 

powered to detect the change in HIV incidence at the national level and allow for trend 

analysis between the two surveys. The additional costs were therefore considered to be 

unwarranted. In addition to providing a national HIV incidence estimate, the PHIA results 

are now being used in subsequent Spectrum estimates. PHIA results on prevalence by age, 

sex, and region have been used in subsequent Spectrum applications to improve the 

estimates.

Conclusion

The observed incidence in ZIMPHIA 2015–2016 was comparable to and validated the 

estimates obtained using the Spectrum model. The overall downward trend in HIV incidence 

as demonstrated by Spectrum may reflect success in the scale-up of prevention, care, and 

treatment services. Similarities in other key indicators observed in the survey and the 

Spectrum estimates support the utility of population-based surveys and modeled estimates in 

tracking the HIV epidemic. It is recommended that a similar national population level survey 

to measure HIV incidence and associated indicators be repeated and compared with 

SPECTRUM outputs to track the HIV epidemic.
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FIG. 1. 
Comparison of HIV incidence among all adults aged 15–49 years obtained in ZIMPHIA 

(VL+ART) with 2016 Spectrum estimates. ART, antiretroviral treatment; VL, viral load; 

ZIMPHIA, Zimbabwe Population-Based HIV Impact Assessment.
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