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Despite the availability of methods to prevent vertical transmission of HIV to children, each year there

are many pediatric cases of HIV globally. This represents a new generation of people living with HIV,

whose odds of surviving until adulthood improve in tandem with treatments for HIV. Estimating burden

amongst this age group is not necessarily straightforward; while some countries have Early Infant

Diagnosis data available, it is often plagued by underreporting. To combat this, we used Brazil’s thorough

disease surveillance systems and high quality vital registration to refine maternal prevalence estimates

and from this, estimates of mortality and morbidity in children under five. Our analysis found that this

approach can be integrated within the Spectrum modeling framework, and that doing so reduces the

difference between modeled estimates of disease burden and case report data for children under five.

This work provides a platform to continue refining estimates in pediatric HIV burden.



Introduction
In 2020, 187 children under five were diagnosed with HIV in Brazil.1 As nearly all HIV transmission in the

under five age group is vertical, pediatric HIV incidence is driven by the prevalence of HIV among

pregnant women and the rate of mother-to-child HIV transmission (MTCT). Burden of HIV in this age

group is dependent on incidence and pediatric survival of children with HIV. Estimation of pediatric HIV

in Brazil is limited by the lack of Early Infant Diagnosis (EID), insufficient information informing estimates

of survival rates for children infected during breastfeeding, and limited information about changes in

fertility over time among women living with HIV as attitudes and realities of living with HIV change.2

Pediatric HIV estimates are produced by a number of groups. The Joint United Nations Programme on

HIV/AIDS (UNAIDS) and the Global Burden of Disease (GBD) study utilize the Spectrum pediatric model.

The pediatric model estimates burden due to MTCT from prevalence among pregnant women and rates

of transmission calculated in the Spectrum adult model. The broader Spectrum adult model is a disease

progression and demographic projection model developed the UNAIDS reference group and

implemented by Avenir Health.3

Spectrum does not calibrate pediatric incidence to data on HIV infections or deaths from AIDS, and

instead uses model assumptions regarding transmission and treatment coverage to simulate disease

burden. To utilize observational data of disease burden within the Spectrum framework, UNAIDS and

GBD have different ways to combat this limitation. The former requires assumptions surrounding time

until case detection and case detection rate provided by countries4 while the latter utilizes a five year

time lag.5

Stratified CD4 counts at diagnosis from case reports provide proxy estimates of the lag between HIV

infection and diagnosis.6 This data provides the opportunity to refine input incidence hazard into

Spectrum, in turn improving estimates of maternal prevalence, and subsequently improving on HIV

burden in children under five. This analysis utilized case reports and deaths reported in vital registration

(VR) to triangulate maternal prevalence and improve estimates of pediatric incidence measured against

case reports.

Methods
Data sources

The accuracy of Spectrum results can be assessed against VR data about the number of AIDS deaths, for

women of childbearing age and children under the age of five. In Brazil, VR data is available for all years

between 1990 and 2019.7 This analysis utilized age, sex stratified case report data; age, sex, and CD4

stratified HIV case report data; VR data; and antiretroviral treatment (ART) data provided by the Brazilian

Department of Diseases of Chronic Conditions and Sexually Transmitted Infections.

Data type Description Use Source

Case reports HIV diagnosis Informs input incidence
hazard

Notifiable Diseases
Information System
(SINAN)5



Case reports, stratified
by CD4 count

HIV diagnosis with CD4
count

Refine incidence hazard
from case reports by
improving assessment
of lag between
infection and diagnosis

Brazilian government
AIDS database

Vital Registration data Deaths due to HIV
stratified by year, age,
and sex

Model calibration Brazil Mortality
Information System
1980 – 20198

ART coverage Percent of people living
with HIV on ART, by sex

Used to update ART
coverage in efforts to
align estimates of HIV
mortality with VR

Department of
Diseases of Chronic
Conditions and Sexually
Transmitted Infections,
Brazil

Table 1. Description of data sources

Back calculation of incidence

This analysis used the Spectrum pediatric modeling framework. Spectrum relies on an input incidence

hazard for the general population aged 15-49 to simulate a disease progression model and create full

time series estimates of incidence, prevalence, and HIV-mortality. Pediatric incidence is derived from

maternal HIV prevalence and MTCT rates with and without the use of PMTCT treatments.

Case reports were utilized to inform the incidence hazard for 15-49 year olds used by Spectrum to

produce pediatric estimates. We utilized CD4 stratified case reports to calculate the distribution of lags

between infection and diagnosis. The distribution of cases by CD4 count, probability of progressing

between CD4 categories, and probability of surviving one year for each CD4 category (>500, 350-500,

250-249, 100-199, 50-99, <50) were derived from the rates presented in Glaubius et. al.9 The number of

years between infection and diagnosis was capped at ten years, as previous studies have estimated that

approximately 80% of all cases are diagnosed within ten years of infection.10 We assumed that the lag

between infection and diagnosis was at least one year, and that in a year an individual could either

remain in the current CD4 category, progress to the subsequent category, or die. The probability p of

being diagnosed y years after infection for each CD4 category c and age a was calculated as:
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Formula 1

In formula 1, we represent the probability of being in a CD4 category at infection as o, the probability of

remaining in a CD4 category (c) for a number of years y stratified by age a as r, and the probability of

survival until age and CD4 before diagnosis as d. Additionally, we included the probability of death before

HIV diagnosis but following HIV acquisition as shown in formula 2.
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These probabilities were summed to determine the stratified distribution of years between infection and

diagnosis for a given year and age. The relative distribution of probabilities was applied to the time series

of case reports as an estimate of incident cases. The number of incident cases was divided by the

susceptible population to calculate the incidence hazard, which was input into Spectrum to create a new

time series of age- and sex- specific morbidity and mortality estimates.

Treatment alignment

In Brazil, PMTCT treatment consisted of ART initiation before pregnancy, ART initiation during pregnancy,

maternal triple antiretroviral (ARV) prophylaxis (option A), and maternal azidothymidine (AZT) and infant

ARV prophylaxis (option B). Using updated results from the case-report informed Spectrum run, option A

and option B were scaled to align with the new estimates of births from women with HIV.

Using new general population ART coverage from Brazil’s Department of Diseases of Chronic Conditions

and Sexually Transmitted Infections (Table 1), we used a linear regression model for all locations in the

Latin America and Caribbean region to estimate ART coverage amongst pregnant people based on

estimates from the general population.

𝑅
1

=  ⍺ + β * 𝑦𝑒𝑎𝑟 + ε

Formula 3

𝑅
2

= ⍺ +  β * 𝑦𝑒𝑎𝑟 + ε

Formula 4

In the formulas above, R1 represents the proportion of people in the general population on ART (ART

coverage) divided by ART coverage among  pregnant people who initiated ART before pregnancy, and β
represents the annual change in this proportion. The proportion of ART initiation before pregnancy and

after pregnancy is represented by R2 with β representing the change in this ratio by year. R1 and R2 then

used to generate ART coverage in pregnant people before and during birth as input into Spectrum to

create final adjusted results.



Results

Figure 1. Incidence inference from case reports

Using CD4 stratified case reports, we created a full time series estimate of HIV infections. In the adjusted

case reports, the peak number of HIV diagnoses occurred in 2018. The 31 to 40 age group had the

highest proportion of cases among all ages with 37.4% of all cases (11,357 diagnosed HIV cases). After

back calculating incidence, the highest number of infections occurred in 2012, with the majority of cases

occurring in the 31 to 40 year age group (Figure 1). This age group had 14,386 estimated cases in 2012.

Over the time series, there were an estimated 29,887 cases of HIV that died before diagnosis, yielding a

93% case detection rate.



Figure 2. Deaths due to HIV in women aged 15-49 by input. Note: standard incidence hazard post-2015 is

extrapolated.

The new incidence hazard input informed by case reports produced estimated deaths that were lower

than deaths estimated by Spectrum and deaths present in VR data up until 2015 (Figure 2). The

difference between the new modeled deaths and deaths produced with Brazil’s Spectrum file reached a

peak in 2009, when new modeled deaths were 58.18% lower than deaths from Brazil’s Spectrum file. In

the same year, the new modeled deaths were 30.33% lower than those present in VR data. The smallest

difference occurred in 2015, when all three sources of death estimates (or observation in regards to

those from VR data) ranged from 3776.54 to 4023.02.

The updated incidence hazard resulted in lower numbers of births to people living with HIV (henceforth,

HIV births) before 1995, but higher between 1995 and 2018 compared to Spectrum results from Brazil’s

publicly available file. After applying country-provided PMTCT coverage to the new number of HIV births,

the number of people on PMTCT options A and B decreased historically. Our estimates of pregnant

people on ART before and during pregnancy predicted using formulas 3 and 4 and general population

coverage (table 1) resulted in higher ART coverage throughout the time series. There was no difference

over time in the ratio of people on ART before pregnancy to the total population, while the ratio of

people on ART before pregnancy to those after pregnancy increased by a factor of 0.0493 (p < 0.0001). In

2020, 100% of pregnant people were on ART.

Figure 3a. HIV infections in children under five



Figure 3b. Deaths due to HIV/AIDS in children under five

Modifying PMTCT and maternal prevalence had a large impact on model fit to both case report data and

VR data (Figure 3a). Using the revised model inputs, the peak annual number of new cases among

children under 5 was in 2002 (n=1125) and 1996 was the year with the highest number of deaths, with

1128 reported in vital registration data.7 The peak number of deaths in vital registration data was not

reflected in modeled estimates, which estimated that the highest number of deaths in those under five

occurred in 2005, with 734 deaths (Figure 3b).

Discussion
In contrast to methods used by UNAIDS and GBD, we used an alternative approach to integrating adult

case reports into the Spectrum modeling framework. The method presented here provides insight into

how the lag between HIV infection and diagnosis varies across ages, which could have implications for

estimating maternal HIV incidence and subsequent pediatric HIV infections over time.  Other methods of

adjusting case report data to reflect incidence include choosing a standard time lag (such as the five year

lag used by the Global Burden of Disease study)5 or require assumptions surrounding time until case

detection and case detection rate provided by countries.4 Here, we leveraged the benefits of both of

these options and improved upon them; regarding the former, this analysis uses an adoptable and

adaptable, yet empirically driven, method to inform incidence hazard whereas in terms of the latter we

utilize data on CD4 progression to inform case detection.7,11

Using CD4 stratified case reports provides insight into how time until diagnosis varies spatially and

temporally. Previous work has established that CD4 count are a useful proxy for disease progression,12

and CD4 at diagnosis has historically been much lower in the Latin America and Caribbean GBD super

region than in other super regions, such as Western and Eastern Europe.4 This suggests that inferring

incidence from case reports can not be done blindly; however, even a limited time series of CD4

stratified case reports can be successful in refining adult incidence hazard for Spectrum. Countries



without CD4 stratified case reports could utilize the distribution of lag between infection and diagnosis in

adjacent countries to refine estimates.

The incidence inference in our analysis did not result in ubiquitous improvements across disease

measures and populations. Our high case detection rate of 93% suggests we may be underestimating the

number of undiagnosed infections across ages. The percent of people living with HIV/AIDS who know

their status in Latin America is estimated to be much lower than 93%, with many countries in the region

having less than 60% of people living with HIV knowing their status in 2018.4,13 HIV/AIDS mortality in

people who do not know their status would be much higher, and could bring our mortality estimates

closer to those calculated with VR data. Our estimated incidence also does not reflect the known peaks

of HIV incidence in Brazil, which consists of a peak in 1997 and increasing HIV 2001 onwards. These

findings may be explained by a high HIV prevalence reported among men who have sex with men and

people who inject drugs during these time periods. The highest HIV incidence detected in this analysis in

1997 could be the result of  secondary transmission from key populations to the general population.

Our analysis produced incidence estimates that were half as large as those derived from case report data

for the under five population post 2005. This may indicate that predicted PMTCT treatment coverage

was too high during this period. The methods employed here suggest 100% ART coverage in mothers in

2020, which is be implausibly high.14 Lower than expected incidence estimates may also point to

underestimated transmission among people who seroconvert while breastfeeding. In Brazil, there is no

guidance on postpartum HIV testing.15

This analysis is limited by the lack of incorporation of social determinant factors that may influence HIV

prevalence and the likelihood of being tested, and from this diagnosed with, HIV. Access to HIV testing is

driven by a variety of economic and social factors, even in antenatal care.16,17 While there was an attempt

to account for unreported HIV cases, the work presented here is limited in that it does not adjust for

receipt of antenatal HIV testing. While leveraging case report data and updated treatment seemed to

improve incidence estimates, deaths in children under five were not improved. Estimated deaths are

much lower than seen in VR data, but were observed over a different time period. The inconsistency

between our estimated deaths and VR data could indicate that pediatric ART coverage or assumed

adherence is too high throughout the time series; however, this problem is also seen in the pre-ART era,

which could point to unobserved infections throughout the time period. This may point to problems

when directly inferring pediatric burden from maternal prevalence. While antenatal care screening

coverage is high in Brazil, mothers who are not screened may have higher odds of being HIV positive and

untreated. The children of these mothers may then be seen in VR data but not incidence data, leading to

an underestimation of burden for of orphans and vulnerable children.15–17

The methods applied here can be applied to a variety of countries with high-quality case reports and VR.

There are currently 130 locations with both case reports and VR data estimated in the GBD study,

allowing for the triangulation and validation of estimates of maternal prevalence. These locations

accounted for 8.77% (5.59 – 12.84%) of new pediatric cases of HIV.5 A parsimonious approach to data

collection and modeling allows for more accurate estimates. This gives countries the opportunity to

improve their estimates with the data that is currently available rather than having to expand data

collection or develop complicated modeling procedures.



Conclusion
More precise HIV prevalence and incidence allow for better prediction of resources needed for HIV care.

They also allow for more pointed prevention in subsequent horizontal transmission as those children

who perinatally acquire HIV become sexually active. Outside of HIV measurement and estimation,

establishing an informed estimate of lag between HIV infection and diagnosis can serve as a proxy for

health care utilization. Locations or time periods with longer lags between infection and diagnosis may

have healthcare systems that are more difficult to access. This information can also be used to consider

which populations are not being tested for HIV but should be more frequently, in terms of age and sex.

Closing the gap between observation and estimation also allows for more detection of incident and

prevalent cases before they are observed in VR data. This has huge implications at the personal level,

where improving incidence and prevalence estimates can help prevent HIV or allow people living with

HIV to live longer, healthier lives.
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