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Summary
Background Orphanhood and caregiver death can have severe consequences for children. Timely and accurate data 
can guide policy, particularly during health crises like COVID-19. The aim of our study is to present national and 
subnational analysis of both all-cause and COVID-19-associated orphanhood and caregiver death in Brazil and 
compare our model outputs with bespoke administrative datasets.

Methods We use publicly available national datasets to estimate the number of Brazilian children experiencing 
parent and caregiver loss due to all causes and COVID-19 in 2020–2021.

Findings An estimated 1,300,000 (95% uncertainty interval, 1,190,000, 1,430,000) children in Brazil experienced loss 
of one or multiple parents and/or co-residing caregivers. 673,000 (652,000, 690,000) were estimated to have lost one 
or both parents, of which 149,000 (144,000, 154,000) were COVID-19 associated; 635,000 (534,000, 758,000) children 
were estimated to have lost a co-residing grandparent or other kin, of which 135,000 (85,900, 199,000) were 
COVID-19 associated. Orphanhood varied substantially across states, with the rate of all cause parental 
orphanhood highest in Roraima at 17.5 (15.6, 20.6) per 1000 children and the lowest in Santa Catarina at 9.5 
(8.7, 10.4) per 1000 children. COVID-19-associated orphanhood was also unevenly distributed, with Mato Grosso 
experiencing the greatest rate, at 4.4 (3.9, 5.3) per 1000 children, while Pará experienced the lowest rate of 1.4 
(1.2, 1.8) per 1000 children. Comparisons with limited data from Brazil’s civil registry offices and (manually 
reviewed death certificates in Campinas found a similar demographic distribution of orphanhood. However, our 
estimates suggested that administrative sources undercount orphanhood.
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Interpretation Our findings highlight the extent of orphanhood in Brazil and large inequalities between states. 
Comparisons between administrative data and model estimates show similar temporal patterns and proportions of 
maternal and paternal orphanhood but different magnitudes. This suggests that strengthening vital registration 
systems can put children at the center of public health responses globally.
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COVID-19-associated Orphanhood and Caregiver Deaths to Inform Prevention, Preparedness and Protection from 
COVID-19 consequences” (2023 CDC/WHO grant) and the Moderna Charitable Foundation.
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(http://creativecommons.org/licenses/by/4.0/).
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Introduction
Orphanhood (death of one or both parents) and care
giver death among children aged 0–17 years, across 
causes of parent and caregiver death, can have severe 
immediate and life-long consequences for children. 
Over 15 years ago, the World Health Organisation 
(WHO) classified orphanhood as an adverse childhood 
experience (ACE), linked to long-term mental health 
risks.1 As an ACE, parent or caregiver loss may have 
lifelong consequences, including increased risks of 
suicide, post-traumatic stress disorder, violence, inse
cure housing, institutionalization, poverty, and chronic 
and infectious diseases.2,3 Children experiencing 
orphanhood (“orphans”) are defined as those aged 0–17 
whose father or mother died during childhood or 
adolescence, while the term “double orphan” refers to 
children who have lost both parents.4 We also consider 
the loss of co-residing elderly kin (defined as in
dividuals aged 60+ living in the same household), who 
often play a critical role in childcare and support.5,6

In spite of its acute and enduring lifelong conse
quences, the threat of all-cause orphanhood has been 
largely invisible as a major global public health priority. 
However, orphanhood is a recognized threat to children 
in the context of disease epidemics, including HIV/ 
AIDS,7,8 COVID-196 and Ebola.9 Given the enduring 
impact of all-cause orphanhood on children and the 
context of escalating polycrisis threats to children and 
families, it is helpful to understand the nature and 
extent of the burden, geographical and regional vari
ances, and the drivers not only of orphanhood but also 
of co-residing caregiving loss among children and the 
context in which the caregiver(s) are lost, thus facili
tating better provisioning of support and care for 
affected children.6

A variety of interventions to improve the lives of 
orphans and vulnerable children have been studied,10 

with promising evidence for social protection com
bined with parenting support for surviving caregivers.11 

Delivering protection and support for children 

Research in context

Evidence before this study
We searched PubMed for (“COVID-19” OR “SARS-COV-2”) 
AND “ORPHANHOOD”, returning 14 research articles 
published between 2020 and 2024. One publication 
produced estimates of maternal COVID-19-associated 
orphanhood in Brazil, three publications produced national- 
level estimates of COVID-19-associated orphanhood in Brazil 
using global methods, two publications considered COVID- 
19-associated orphanhood in other regions, while the 
remaining publications discussed the implications of COVID- 
19-associated orphanhood but did not produce estimates. 
The COVID-19 pandemic, and evidence from previous 
pandemics, including HIV/AIDS and Ebola virus disease, 
demonstrate extensive consequences of parent and caregiver 
death during pandemics.

Added value of this study
Our study expands and refines previous work on global 
analyses of COVID-19-associated orphanhood, presenting the 

first national and subnational analysis of both all-cause and 
COVID-19-associated orphanhood (both maternal and 
paternal) and caregiver death in Brazil. We use detailed 
demographic, mortality, and household survey data to 
produce age, sex, and region-specific estimates. We compare 
our model results against two administrative datasets and 
quantify under-ascertainment. We also estimate loss of co- 
residing elderly caregivers.

Implications of all the available evidence
All-cause orphanhood and caregiver death in Brazil are 
substantial and unevenly distributed, highlighting structural 
inequalities. COVID-19-associated orphanhood accounts for a 
large share of these losses, underscoring the need for crisis- 
prepared social protection systems. Our findings support 
legislative action and policy reform to identify, support, and 
monitor bereaved children. Strengthening civil registration 
and vital statistics systems would help with timely public 
health responses and for reaching vulnerable children.
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orphaned from any cause is only possible if bereaved 
children can be identified and linked to care in a timely 
manner. Brazil is unique in the world in requiring a 
field on death certificates recording child dependents in 
the household. This simple data gives the possibility of 
swiftly identifying children affected by orphanhood and 
caregiver death, so that their health, social, and eco
nomic needs can be assessed.12

Andrea Santos Souza (a public prosecutor and co- 
author), aware of the scale of COVID-19-associated 
orphanhood in Brazil,6 obtained death certificates to 
systematically identify and link COVID-19 orphans to 
economic support in Campinas (a municipality in São 
Paulo State). Administrative data on orphanhood is rare 
globally, so its existence in Brazil is a unique opportu
nity both to provide support to orphaned children and 
to compare statistical models for estimating orphan
hood with observed data. Furthermore, marked sub
national disparities in COVID-19-associated cases and 
deaths in Brazil13 have been linked to differing public 
health interventions, levels of preparedness14 and pre- 
existing inequities.15 The degree to which all-cause 
orphanhood and the subset of COVID-associated 
orphanhood distributions also reflect these subna
tional public health disparities has not been described.

The aim of our study is to present national and 
subnational analysis of both all-cause and COVID-19- 
associated orphanhood and caregiver death in Brazil. 
We also compare our model outputs against bespoke 
administrative datasets to quantify potential under- 
ascertainment of orphanhood.

Methods
We adapted existing methods6 to estimate all-cause and 
COVID-19-associated orphanhood and caregiver death 
in children aged 0 to 17 in Brazil at the state and na
tional level for 2020 and 2021. Our calculations rely on 
estimates of fertility rates, household composition, and 
excess mortality in adults. To minimise the impact of 
reporting biases, we use excess mortality to quantify 
COVID-19-associated deaths. We additionally consid
ered the impact of deaths of co-residing individuals 
aged 60 years and older (60+) as a proxy for the loss of 
custodial grandparents and other older kin. All our es
timates are structured by age-group (in 10-year groups 
limited by the disaggregation of the all-cause mortality 
data) and sex, with further disaggregation by month, 
federative unit (26 states and 1 federal district), and 
current age-of-child where necessary. As in,16 live births 
and population data were used to produce estimates of 
female fertility,17,18 while accounting for underreporting 
(full details in Supplementary material section 1.2.2). 
The Pesquisa Nacional de Saúde (PNS–National Health 
Survey, 2019) was used to estimate fertility rates for 
men aged 18+ and the household composition of adults 
60+ (full details in Supplementary material section 

1.2.3). From 2010 onwards, the age of the father was 
included in some live births records. We use these data 
in Supplementary material section 2.3 to validate our 
estimates. All-cause mortality estimates for Brazil be
tween January 2020 and December 2021, used in this 
analysis, are available in Ponmattam et al. (2024). We 
followed The Lancet’s GATHER checklist while per
forming and writing this study.

The number of children experiencing the death of a 
mother and/or a father was estimated as the number of 
children currently aged 0 to 17 who were born to par
ents who died, assuming that age-structured fertility 
rates are independent of the propensity for a given 
parent to die. The estimate was performed at the state, 
parent age-group, parent sex, and year-of-death level, 
and additionally at the age-of-child or month-of-death 
level where necessary, before being aggregated. Esti
mates of children who experienced grandparent or 
older kin loss were created by summing the number of 
children living in households where a single person 
aged 60+ died, where multiple people aged 60+ died, 
and where someone aged 60+ died and where no adults 
aged 18–59 were living in the household (indicating the 
loss of a direct caregiver).

Uncertainty in live-births reporting, survey data used 
to estimate male fertility and older persons household 
composition, and mortality was accounted for via 
bootstrapping.19 Individual-level uncertainty in female 
fertility estimates was accounted for by assuming 
Poisson noise about the population-level bootstrap 
samples, while individual-level uncertainty in male 
fertility and household composition was derived directly 
from the survey data. The mean and the 2.5th and 
97.5th quantiles of the bootstrap samples provided our 
central estimates and uncertainty intervals. Full details 
are provided in Supplementary material section 1.2.

All-cause and excess mortality
Expected all-cause mortality was predicted using a 
Poisson generalized linear mixed model that was 
trained on 2013–2019 historical mortality data obtained 
from Brazil’s Mortality Information System.20 The fixed 
parameters were 1-year lagged all-cause mortality rates, 
and month and age group indicators; states were 
included as random parameters so that each state had a 
random intercept and slope on the year variable. Each 
sex was modeled separately. Excess mortality is esti
mated as the number of observed deaths which are in 
excess of the expected number for a given time and 
place.20 Our time period is one in which COVID-19 was 
a major cause of death, likely accounting for the vast 
majority of excess mortality.20 Excess mortality is a more 
accurate representation of the overall impact of the 
COVID-19 pandemic than COVID-19-reported deaths,21 

which were under-reported during the ongoing 
epidemic when health systems were overloaded,15 thus 
enabling us to come closer to the true magnitude of 
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children whose parents or caregivers died during the 
COVID-19 pandemic. Estimates of all-cause and excess 
mortality by month, age-group, sex, and state (and 
federal district) were obtained for the period from 
January 2020 through December 2021.20 We report es
timates associated with excess deaths as “COVID-19- 
associated orphanhood”, while estimates associated 
with all-cause mortality are reported as “all-cause 
orphanhood”.

Confidence intervals for monthly data were not 
available, and as such we did not further account for 
uncertainty in monthly excess mortality estimates in 
our analyses. Monthly data were only used when pre
senting trends in orphanhood results by month in 2020 
and 2021.

Estimating orphanhood
Samples of orphanhood resulting from the death of a 
parent in a specific age-group, sex, state, and year are 
constructed by first sampling the number of deaths 
(excess or all-cause) that occurred in adults in this 
group. Then, for each parent that died, we sample (from 
estimates of female or male cumulative child fertility 
rates) the number of children aged 0 to 17 that they left 
behind. Totaling all children left behind (in each age- 
group, sex of parent, state, and year combination) pro
duces a single sample from the distribution of 
orphanhood for that combination.

Repeating this procedure produces a collection of 
samples of orphanhood that approximate the distribu
tion of orphanhood. Our central estimates are the 
average of these samples, while the 2.5th and 97.5th 
quantiles define our 95% uncertainty intervals (U.I.). 
Aggregated estimates of orphanhood (for example, total 
orphanhood, or orphanhood by state) were calculated by 
summing over the relevant samples and then calcu
lating the average and quantile values.

To account for double orphanhood (the loss of both 
parents) we estimated the number of male-female 
couples where both have died (full details are pro
vided in Supplementary material section 1.2.4). We do 
not explicitly account for adult mortality pre-2020, so 
our definition of double orphanhood includes pre- 
existing single orphans who became double orphans 
in 2020 or 2021.

Estimating the loss of co-residing grandparent or 
older kin
We used the PNS 2019 survey to consider household- 
based estimates of orphanhood, allowing us to esti
mate the number of children that lost a co-residing 
grandparent or older kin. We used mortality estimates 
to assign excess or all-cause deaths to individuals aged 
60+ that featured in the survey with probability E/N, 
where E is the number of excess deaths that occurred in 
individuals in a specific age-group, sex, state, and year, 
and N is the corresponding population size.

We then used the R survey package22 to estimate the 
total number of children living in households where:

• At least one elderly co-residing person has died 
(“any”)

• A single elderly co-residing person has 
died (“single”)

• Multiple elderly co-residing people have died 
(“multiple”)

• At least one elderly co-residing person has died and 
there are no adults aged 18–59 (“direct”, represent
ing the loss of a direct caregiver)

The svytotal function from the survey package in R 
was used to estimate a survey-weighted mean and 
standard error for total orphanhood due to the loss of 
co-residing elderly. This process was repeated 100 
times, at each iteration reassigning excess deaths, esti
mating a new mean and standard error, and taking 10 
samples of total orphanhood from the approximately 
Normal distribution (with the corresponding estimated 
mean and standard error). This process produced 1000 
samples of orphanhood due to the loss of co-residing 
elderly that accounted for uncertainty in excess mor
tality and household composition.

To estimate the total number of children experi
encing either parental orphanhood or the loss of 
co-residing grandparents or older kin, we add the esti
mated number of children experiencing parental 
orphanhood and the estimated number of children that 
lost co-residing grandparents or older kin, and subtract 
the small number of children that experienced both, 
estimated using unweighted PNS data by state 
(Supplementary material section 1.2.6).

Administrative data
We obtained two sources of administrative data to 
compare representative proportions of our state level 
estimates with. Arpen-Brasil, which represents Brazil’s 
Civil Registry offices, used administrative records to 
link birth and death certificates in 2021 for children 
aged 6 or under23 and shared summary tables of their 
results. This dataset, released in October 2021, consists 
of children who experienced orphanhood between 18 
March 2020 and 24 September 2021. A total of 12,566 
orphans (including maternal, paternal, and double) 
were identified in this period for children aged 6 or 
under: n = 12,211 for children whose parents’ death 
have been recorded as COVID-19 and n = 355 for Se
vere Acute Respiratory Syndrome (SRAG in Portu
guese) deaths. The average age of these children was 2.0 
years. While COVID-19 is a likely cause of death for the 
SRAG deaths, we restrict our analysis to the COVID-19- 
confirmed deaths.

Co-author Andrea Santos Souza and a team of 
research assistants manually reviewed all death certifi
cates in 2020 and 2021 listing COVID-19 as the cause of 
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death in Campinas and created a list of affected chil
dren 0–17. They uncovered a total of 481 children aged 
0–17 listed as child dependents in the household of 
adults who had died from COVID-19. Of these, 375 
children had their age recorded, with a mean age of 11.5 
years.

Role of the funding source
The funders had no role in the study design, collection, 
analysis, and interpretation of data, writing of the report 
or decision to submit the paper for publication.

Results
All-cause orphanhood
We estimate that, from January 2020 through 
December 2021, a total of 1,300,000 (95% uncertainty 
interval 1,190,000, 1,430,000) children in Brazil 
experienced or grand/or grandparent or older kin (two- 
year incidence). Of these, 673,000 (95% uncertainty 
interval (U.I.) 652,000–690,000) children lost one or 

both parents due to any cause of death (Table 1, Fig. 1). 
Consistent with the global mortality impacts of COVID- 
19 which affected men disproportionately, and the 
tendency for men to have children at older ages, 
paternal orphanhood (496,000 children, or approxi
mately 73.8% of all orphaned children) was estimated to 
be more frequent than maternal orphanhood (174,000 
children, or approximately 25.8% of all orphaned chil
dren). The remaining 2730 children (0.4%) were 
orphaned due to the loss of both parents. Orphanhood 
was estimated to be greater in older children than 
younger children, particularly for the loss of mothers 
and the loss of both parents (Fig. 2).

In absolute terms, the three worst affected states were 
São Paulo with a total of 133,000 (119,000–146,000), 
Rio de Janeiro with a total of 55,800 (51,300–60,400), and 
Minas Gerais with a total of 52,500 (48,600–56,300) 
children experiencing all-cause orphanhood. These are 
the three most populous states of Brazil. When calcu
lating state-level orphan incidence rates per 1000 chil
dren, the three worst affected regions were the state of 

Federative unit All-cause orphanhood All-cause loss of grandparents or older kin All-cause loss of parent and/or grandparents or 
older kin

Total Per 1000 children Total Per 1000 children Total Per 1000 children

Acre 3890 (3470, 4370) 12.5 (11.1, 14) 3700 (1460, 7030) 11.8 (4.7, 22.5) 7540 (5220, 11,100) 24.1 (16.7, 35.5)
Alagoas 13,200 (12,000, 14,800) 13.5 (12.4, 15.2) 14,900 (0, 28,600) 15.4 (0, 29.4) 27,900 (14,100, 41,500) 28.7 (14.5, 42.6)
Amapá 3910 (3410, 4470) 13.4 (11.7, 15.3) 3530 (0, 7580) 12.1 (0, 26) 7360 (3660, 11,600) 25.2 (12.6, 39.7)
Amazonas 20,000 (18,000, 21,800) 13.9 (12.5, 15.1) 24,500 (13,500, 39,500) 17.1 (9.4, 27.5) 44,100 (32,400, 59,700) 30.7 (22.5, 41.5)
Bahia 50,900 (45,500, 56,100) 13.1 (11.7, 14.4) 48,200 (15,100, 102,000) 12.4 (3.9, 26.4) 98,500 (64,800, 153,000) 25.4 (16.7, 39.4)
Ceará 31,800 (29,000, 35,000) 13.3 (12.1, 14.6) 34,700 (18,400, 57,800) 14.4 (7.7, 24.1) 66,000 (49,300, 88,500) 27.5 (20.5, 36.9)
Distrito Federal 7980 (6940, 9290) 10.8 (9.4, 12.5) 6090 (0, 13,500) 8.2 (0, 18.2) 14,000 (7880, 21,800) 18.9 (10.6, 29.4)
Espírito Santo 12,200 (11,000, 13,500) 12 (10.8, 13.3) 8540 (3160, 16,800) 8.4 (3.1, 16.5) 20,600 (15,100, 29,100) 20.3 (14.9, 28.6)
Goiás 22,800 (20,800, 25,300) 12.4 (11.3, 13.8) 17,500 (6370, 36,800) 9.5 (3.5, 20) 40,100 (28,400, 59,600) 21.8 (15.4, 32.4)
Maranhão 28,500 (25,500, 31,900) 12.7 (11.4, 14.2) 37,100 (21,000, 56,400) 16.5 (9.4, 25.2) 65,200 (48,600, 85,000) 29.1 (21.7, 37.9)
Mato Grosso 13,200 (11,300, 16,500) 13.4 (11.5, 16.8) 9760 (2340, 22,400) 9.9 (2.4, 22.8) 22,800 (14,600, 35,200) 23.2 (14.9, 35.8)
Mato Grosso do Sul 10,300 (9440, 11,300) 13.5 (12.4, 14.7) 8920 (2300, 17,600) 11.7 (3, 23) 19,100 (12,300, 27,700) 25 (16.1, 36.3)
Minas Gerais 52,500 (48,600, 56,300) 10.8 (10, 11.6) 52,200 (21,400, 101,000) 10.7 (4.4, 20.8) 104,000 (71,700, 153,000) 21.4 (14.7, 31.5)
Pará 30,600 (27,600, 34,200) 11.2 (10.1, 12.6) 40,500 (22,000, 66,500) 14.9 (8.1, 24.5) 70,400 (51,700, 95,700) 25.9 (19, 35.2)
Paraíba 15,200 (13,800, 17,100) 14.4 (13.1, 16.2) 15,800 (0, 29,400) 15 (0, 27.9) 30,800 (14,500, 44,600) 29.2 (13.8, 42.3)
Paraná 34,700 (31,600, 37,700) 12.5 (11.4, 13.6) 25,700 (8390, 50,000) 9.2 (3, 18) 60,100 (42,600, 85,100) 21.6 (15.3, 30.6)
Pernambuco 35,300 (31,800, 38,900) 13.7 (12.3, 15.1) 37,000 (18,500, 63,200) 14.3 (7.2, 24.5) 71,900 (53,200, 99,000) 27.8 (20.6, 38.3)
Piauí 11,100 (9900, 12,400) 12.4 (11, 13.8) 9770 (0, 23,300) 10.9 (0, 26) 20,700 (10,000, 34,500) 23.1 (11.2, 38.4)
Rio de Janeiro 55,800 (51,300, 60,400) 14.1 (13, 15.3) 59,400 (27,900, 105,000) 15 (7.1, 26.6) 114,000 (82,800, 160,000) 29 (21, 40.4)
Rio Grande do Norte 12,600 (11,100, 15,100) 13.9 (12.3, 16.8) 12,100 (0, 22,900) 13.4 (0, 25.4) 24,400 (11,700, 36,000) 27.1 (13, 39.9)
Rio Grande do Sul 30,700 (27,900, 33,900) 12.2 (11.1, 13.5) 25,400 (8980, 52,100) 10.1 (3.6, 20.7) 55,700 (39,200, 81,700) 22.1 (15.5, 32.4)
Rondônia 7200 (6200, 8500) 14.4 (12.4, 17) 5430 (0, 11,700) 10.9 (0, 23.5) 12,600 (6990, 19,000) 25.1 (14, 38.1)
Roraima 3500 (3130, 4130) 17.5 (15.6, 20.6) 2810 (945, 5420) 14 (4.7, 27.1) 6260 (4290, 8870) 31.3 (21.4, 44.3)
Santa Catarina 16,000 (14,600, 17,400) 9.5 (8.7, 10.4) 13,700 (3970, 27,800) 8.2 (2.4, 16.6) 29,500 (19,600, 43,900) 17.6 (11.7, 26.2)
São Paulo 133,000 (119,000, 146,000) 12.2 (10.9, 13.5) 107,000 (50,100, 188,000) 9.9 (4.6, 17.2) 239,000 (182,000, 322,000) 22 (16.8, 29.7)
Sergipe 9890 (8900, 11,200) 15.7 (14.1, 17.8) 6780 (0, 13,100) 10.8 (0, 20.7) 16,600 (10,100, 23,200) 26.3 (16, 36.9)
Tocantins 5470 (4850, 6080) 11.8 (10.4, 13.1) 3580 (0, 9840) 7.7 (0, 21.2) 8970 (4850, 15,300) 19.3 (10.4, 33)
Total 673,000 (652,000, 690,000) 12.6 (12.2, 12.9) 635,000 (534,000, 758,000) 11.9 (10, 14.2) 1,300,000 (1,190,000, 1,430,000) 24.3 (22.3, 26.7)

Estimates are reported as central estimates with 95% uncertainty intervals in parentheses. All-cause loss of parents and/or grandparents or older kin includes children who experienced the loss of both a 
parent and a grandparent or older kin; these children are not double-counted.

Table 1: Estimates of orphanhood due to any cause of parental death and estimates of the number of children that lost a co-residing grandparent or other older kin.
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Fig. 1: Estimates of (a, b) the number of children experiencing orphanhood due to all causes, (c, d) the number of children that lost a co- 
residing grandparent or other older kin due to all causes, (e, f) the number of children experiencing orphanhood due to COVID-19-associated 
causes, and (g, h) the number of children that lost a co-residing grandparent or other older kin due to COVID-19-associated causes. Left-hand 
figures show absolute estimates, right-hand figures show estimates per 1000 children in the given state. Brazil shapefiles were obtained using 
the geobr R package.24

Articles

6 www.thelancet.com Vol 51 November, 2025



Roraima with 17.5 per 1000 children (15.6–20.6), 
Sergipe with 15.7 per 1000 (14.1–17.8), and Rondônia 
with 14.4 per 1000 (12.4–17.0). We additionally present 
estimates disaggregated by the five macro regions in 
Supplementary material section 2.5.

Over the same time period, we estimate a total of 
635,000 (534,000–758,000) children in Brazil lost at 
least one co-residing grandparent or older kin (an adult 
living in the same household aged 60+) due to any 
cause of death (Table 1, Fig. 1). Of these, 16,200 
(3350–46,600) lost multiple co-residing grandparents 
and/or older kin, and 91,800 (53,700–150,000) lost a 
grandparent or older kin with direct responsibility (i.e., 
there were no adults aged 18–59 living in the same 
household, although there may have been other 
grandparents). A relatively small number of these 
children may also have lost a parent—we account for 
this in Table 1.

In absolute terms, the three worst affected states 
were São Paulo with a total of 107,000 (50,100–188,000) 
children losing at least one co-residing grandparent or 
older kin, Rio de Janeiro with a total of 59,400 
(27,900–105,000) children affected, and Minas Gerais 
with a total of 52,200 (21,400–101,000) affected. 
Incidence rates of orphanhood per-1000-children due to 
death of a co-residing grandparent or older kin 
was worst in the state of Amazonas with 17.1 per 1000 
children (9.4, 27.5), Maranhão with 16.5 per 1000 

children (9.4–25.2), and Alagoas with 15.4 per 1000 
children (0, 29.4). Tables for all categories and stratifi
cations of orphanhood can be found in Supplementary 
material section 4.

COVID-19-associated orphanhood
We estimate that, from January 2020 through 
December 2021, a total of 284,000 (95% uncertainty 
interval 235,000, 348,000) children in Brazil experi
enced or grand/or grandparents or older kin (two-year 
incidence) due to COVID-19-associated causes (two-year 
incidence).

We estimate that from January 2020 through 
December 2021, a total of 149,000 (144,000–154,000) 
children in Brazil experienced COVID-19-associated 
orphanhood as estimated through excess mortality 
(Table 2, Fig. 1). Of these, 105,000 (100,000–109,000) 
were orphaned due to the loss of a father accounting 
for 70.5% of all orphans, 43,800 (41,600–45,800) were 
orphaned due to the loss of a mother accounting for 
29.4% of all orphans, and 160 (130–200) were 
orphaned due to the loss of both parents accounting 
for 0.1% of all orphans. Like all-cause related 
orphanhood, COVID-19-associated orphanhood was 
estimated to be greater in older children than younger 
children (Fig. 2).

In absolute terms, the three worst affected states 
were São Paulo with a total of 32,100 (27,700–35,600), 

Fig. 2: Age distribution of children experiencing orphanhood in Brazil from January 2020 through December 2021 by family circumstance 
(death of father, death of mother, death of both parents). COVID-19 associated orphanhood is shown in the top panels, all-cause orphanhood 
is shown in the bottom panels.
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Rio de Janeiro with a total of 12,900 (11,600–14,100), 
and Bahia with a total of 10,800 (9830–12,000) children 
experiencing COVID-19 orphanhood. Excluding Minas 
Gerais (the second most populous state), these are the 
three most populous states in Brazil. However, on a 
per-1000-children basis, the three worst affected states 
were Mato Grosso with 4.4 (3.9–5.3) orphans per 1000 
children, Rondônia with 4.3 (3.6–5.3) orphans per 1000 
children, and Mato Grosso do Sul with 3.8 (3.4–4.3) 
orphans per 1000 children.

Fig. 3 presents monthly estimates of the number of 
children experiencing COVID-19-associated orphan
hood and shows that the state of São Paulo (the state 
with the greatest number of children, 10.8 m), had an 
orphanhood rate approximately half that of Minas 
Gerais (the state with the next highest number of 
children, 4.9 m), resulting in the two states experi
encing comparable levels of orphanhood in absolute 
terms. Only between March 2021 and July 2021 was 
orphanhood in absolute terms significantly greater in 
the state of São Paulo.

Over the same time period, we estimate a total of 
135,000 (85,900–199,000) children in Brazil lost at least 
one co-residing grandparent or older kin (an adult 
living in the same household aged 60+) due to COVID- 
19-associated mortality (Table 2, Fig. 1). Of these, 540 
(0–4130) lost multiple co-residing grandparents and/or 
older kin, and 21,300 (5870–62,900) lost a grandparent 
or older kin with direct responsibility (i.e., there were 
no adults aged 18–59 living in the same household, 
although there may have been other grandparents).

In absolute terms, the three worst affected states were 
São Paulo with a total of 24,700 (3180–68,000) children 
losing at least one co-residing grandparent or older kin, 
Rio de Janeiro with a total of 11,800 (1030–34,700) chil
dren affected, and Minas Gerais with a total of 9510 
(60–36,300) affected. Incidence rates of orphanhood per- 
1000-children due to death of a co-residing grandparent 
or older kin was worst in the state of Amazonas with 
6.0 per 1000 children (1.9–12.7), Rondônia with 4.1 per 
1000 children (0.4–13.4), and Amapá with 3.5 per 1000 
children (0–14.4).

Federative unit COVID-19-associated orphanhood COVID-19-associated loss of grandparents or 
older kin

COVID-19-associated loss of parent and/or 
grandparents or older kin

Total Per 1000 children Total Per 1000 children Total Per 1000 children

Acre 689 (534, 859) 2.2 (1.7, 2.7) 720 (0, 2690) 2.3 (0, 8.6) 1410 (621, 3340) 4.5 (2, 10.7)
Alagoas 3070 (2690, 3520) 3.2 (2.8, 3.6) 2860 (127, 10,000) 2.9 (0.1, 10.3) 5920 (3100, 12,900) 6.1 (3.2, 13.2)
Amapá 892 (719, 1080) 3.1 (2.5, 3.7) 1020 (0, 4190) 3.5 (0, 14.4) 1910 (842, 5050) 6.5 (2.9, 17.3)
Amazonas 5220 (4530, 5900) 3.6 (3.1, 4.1) 8620 (2770, 18,300) 6 (1.9, 12.7) 13,800 (7810, 23,300) 9.6 (5.4, 16.2)
Bahia 10,800 (9830, 12,000) 2.8 (2.5, 3.1) 6030 (0, 30,200) 1.6 (0, 7.8) 16,900 (10,200, 40,900) 4.3 (2.6, 10.5)
Ceará 6970 (6340, 7700) 2.9 (2.6, 3.2) 6430 (895, 18,700) 2.7 (0.4, 7.8) 13,400 (7790, 25,600) 5.6 (3.2, 10.7)
Distrito Federal 1750 (1430, 2180) 2.4 (1.9, 2.9) 2230 (0, 7790) 3 (0, 10.5) 3980 (1690, 9660) 5.4 (2.3, 13)
Espírito Santo 2390 (2080, 2740) 2.4 (2, 2.7) 1950 (0, 6840) 1.9 (0, 6.7) 4340 (2300, 9420) 4.3 (2.3, 9.3)
Goiás 6010 (5370, 6830) 3.3 (2.9, 3.7) 4670 (0, 18,200) 2.5 (0, 9.9) 10,700 (5840, 24,200) 5.8 (3.2, 13.2)
Maranhão 5960 (5210, 6820) 2.7 (2.3, 3) 6980 (1580, 17,500) 3.1 (0.7, 7.8) 12,900 (7440, 23,600) 5.8 (3.3, 10.5)
Mato Grosso 4350 (3780, 5230) 4.4 (3.9, 5.3) 3060 (0, 12,900) 3.1 (0, 13.2) 7400 (4090, 17,000) 7.5 (4.2, 17.3)
Mato Grosso do Sul 2930 (2600, 3290) 3.8 (3.4, 4.3) 2070 (0, 7930) 2.7 (0, 10.4) 4990 (2870, 10,700) 6.5 (3.8, 14)
Minas Gerais 10,200 (9210, 11,100) 2.1 (1.9, 2.3) 9510 (60, 36,300) 2 (0, 7.4) 19,700 (10,400, 46,300) 4 (2.1, 9.5)
Pará 3930 (3210, 4820) 1.4 (1.2, 1.8) 9110 (1850, 23,800) 3.4 (0.7, 8.8) 13,000 (5660, 28,700) 4.8 (2.1, 10.5)
Paraíba 3500 (3070, 3970) 3.3 (2.9, 3.8) 2910 (78, 10,400) 2.8 (0.1, 9.9) 6400 (3490, 13,900) 6.1 (3.3, 13.2)
Paraná 10,200 (9280, 11,100) 3.7 (3.3, 4) 6260 (165, 21,500) 2.3 (0.1, 7.7) 16,400 (10,300, 31,700) 5.9 (3.7, 11.4)
Pernambuco 6880 (6100, 7710) 2.7 (2.4, 3) 6480 (503, 20,100) 2.5 (0.2, 7.8) 13,400 (7260, 26,900) 5.2 (2.8, 10.4)
Piauí 2170 (1830, 2510) 2.4 (2, 2.8) 2730 (0, 10,900) 3 (0, 12.2) 4900 (2190, 12,800) 5.5 (2.4, 14.3)
Rio de Janeiro 12,900 (11,600, 14,100) 3.3 (2.9, 3.6) 11,800 (1030, 34,700) 3 (0.3, 8.8) 24,600 (13,600, 47,600) 6.2 (3.5, 12.1)
Rio Grande do Norte 1800 (1500, 2160) 2 (1.7, 2.4) 1910 (0, 7270) 2.1 (0, 8.1) 3710 (1740, 8990) 4.1 (1.9, 10)
Rio Grande do Sul 5900 (5180, 6670) 2.3 (2.1, 2.6) 4570 (0, 18,800) 1.8 (0, 7.5) 10,500 (5580, 24,600) 4.1 (2.2, 9.8)
Rondônia 2160 (1800, 2630) 4.3 (3.6, 5.3) 2040 (201, 6700) 4.1 (0.4, 13.4) 4190 (2240, 8830) 8.4 (4.5, 17.7)
Roraima 745 (566, 924) 3.7 (2.8, 4.6) 692 (55, 2230) 3.5 (0.3, 11.1) 1430 (741, 2970) 7.2 (3.7, 14.8)
Santa Catarina 2720 (2400, 3110) 1.6 (1.4, 1.9) 3430 (0, 13,300) 2.1 (0, 7.9) 6140 (2670, 16,100) 3.7 (1.6, 9.6)
São Paulo 32,100 (27,700, 35,600) 3 (2.5, 3.3) 24,700 (3180, 68,000) 2.3 (0.3, 6.3) 56,700 (34,500, 101,000) 5.2 (3.2, 9.3)
Sergipe 1630 (1350, 1940) 2.6 (2.1, 3.1) 1200 (0, 5410) 1.9 (0, 8.6) 2830 (1520, 7180) 4.5 (2.4, 11.4)
Tocantins 1270 (1070, 1480) 2.7 (2.3, 3.2) 1460 (0, 5940) 3.1 (0, 12.8) 2730 (1200, 7150) 5.9 (2.6, 15.4)
Total 149,000 (144,000, 154,000) 2.8 (2.7, 2.9) 135,000 (85,900, 199,000) 2.5 (1.6, 3.7) 284,000 (235,000, 348,000) 5.3 (4.4, 6.5)

Estimates are reported as central estimates with 95% uncertainty intervals in parentheses. All-cause loss of parents and/or grandparents or older kin includes children who experienced the loss of both a 
parent and a grandparent or older kin; these children are not double-counted.

Table 2: Estimates of orphanhood due to coronavirus disease 2019 (COVID-19)-associated deaths and estimates of the number of children that lost a co-residing grandparent or 
other older kin.
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Comparisons with administrative data
Arpen-Brasil Civil Registry data
Of the 12,211 COVID-19 deaths of children aged 6 or 
under, the sex of the parent was recorded as male in 
8145 (66.7%) of cases and female in 3960 (32.4%) of 
cases. Double orphans (loss of both parents) accounted 
for 103 (0.8%) children. These proportions are similar 
to our estimates of 70.5% paternal versus 29.4% 
maternal orphans for COVID-19 associated orphans. 
We estimated the loss of both parents to account for 
only 0.1% of orphaned children, a lower percentage 
than in the Arpen-Brasil dataset, but we note that we 
were unable to verify whether double orphans could 
have been double counted in some cases in the Arpen- 
Brasil dataset.

The Arpen-Brasil data are reported by date-of-death 
from 18 March 2020 through 24 September 2021. Of 
these, 12,010 (98.4%) were reported from 1 April 2020 
through 31 August 2021. We calculated the proportion 
of total orphanhood over this latter period that occurred 
by month for the civil registry data and our estimates 
(Fig. 4) and found similar proportions over time.

However, the magnitude of our model estimates 
differed from the registry data. Using our monthly 
COVID-19-associated orphanhood methods and 
adjusting so the total matches the central estimates 
from the full model, we estimate 37,200 children aged 6 

and under experienced orphanhood from 1 April 2020 
through 31 August 2021. Dividing the 12,010 from the 
Arpen-Brasil dataset by 37,200 yields a civil registry 
ascertainment rate of 32.3%. We further estimate that, 
over this period, 27,100 children aged 6 and under lost a 
father and 10,100 children aged 6 and under lost a 
mother using our methods. The civil registry data es
timates 8079 children as having lost a father and 3928 
as having lost a mother, corresponding to ascertain
ment rates of 29.8% (for paternal orphanhood) and 
38.9% (for maternal orphanhood). Ascertainment also 
varied by month, with lower values in early-2020 (10.4% 
in April 2020, the month with lowest ascertainment) 
and late-2020 (13.4% in November 2020), and higher 
values in mid-2020 (35.8% in July 2020) and 2021 
(42.4% in June 2021, the month with the greatest 
ascertainment).

Campinas data
Manual review of death certificates in Campinas found 
that from 481 children, 434 children lost a mother or 
father, 1 lost a grandfather, and 46 lost an unknown 
caregiver from COVID-19. Of the 434 that lost a mother 
or father, 293 (67.5%) were listed as having lost a father, 
and 141 (32.5%) were listed as having lost a mother. 
These are similar proportions of paternal versus 
maternal orphans to our estimates and to those from 

Fig. 3: COVID-19 reported deaths (a) by state for all ages per 1000 residents.25 Monthly estimates of the number of children (b) ages 0 to 17 
years-old experiencing COVID-19 associated orphanhood (loss of one or both parents due to excess mortality) in Brazil from January 2020 
through December 2021 per 1000 children. Note that while there is a striking correspondence between the two sets of time series, our 
estimates of orphanhood in (b) were not derived from (a).
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Arpen-Brasil. These data also support our conclusions 
that orphanhood occurs more in older children 
(Supplementary material section 1.2.4).

Campinas, population 1.14 m, accounts for 2.5% of 
São Paulo State and 2.4% of children aged 0 to 19.26 

Multiplying our estimates of orphanhood in São 
Paulo State by 2.4% yields 543 paternal orphans, 233 
maternal orphans, and 1 double orphan. This corre
sponds to an ascertainment rate of 54% for paternal 
orphans, 61% for maternal orphans, and 56% overall.

Discussion
By leveraging new data sources, in Brazil between 
January 2020 and December 2021, we estimated that 
673,000 children (more than 1 in 100 total) experienced 
orphanhood from all-causes, and a total of 1.3 million 
children experienced death of parents, co-residing 
grandparents, or older kin. Our estimates of maternal 
orphanhood due to COVID-19 associated causes are 
similar to those of,16 who estimated that a total of 40,830 
children in Brazil lost their mother due to COVID-19. 
Orphanhood and caregiver loss are a permanent loss, 

and although alternative care arrangements have been 
found to alleviate negative outcomes, provision and 
careful planning is needed in both the short and longer 
term. During the pandemic, social support and 
bereavement processes were disrupted. School clo
sures, health care diversion, and social isolation 
severely interrupted essential pathways for care, sup
port and attention. Cultural mourning and bereave
ment experiences were also restricted by physical 
distancing measures as was the ability to seek help.

In planning for future epidemics, it is important to 
note that COVID-19-associated causes are a large 
contributing factor to all-cause orphanhood and care
giver loss among children in Brazil. Our state specific 
estimates highlight substantial differences with the 
most affected state (Mato Grosso, 4.4 children per 1000 
estimated to have lost one or both parents) having an 
estimated rate of orphanhood 3.1 times that of the least 
affected state (Pará, 1.4 per 1000). Brazil, the most 
populous and largest country in Latin America, is also 
socio-economically (e.g., housing and employment) and 
geographically (e.g., access to services) one of the most 
unequal.27 Prior studies looking at COVID-19 mortality 

Fig. 4: The proportion of COVID-19-associated orphanhood in 6-year-olds and under that occurred from April 2020 through August 2021 by 
month and source of data (panel a), monthly orphanhood (panel b), and monthly ascertainment ratio of civil registry data relative to our 
estimates (panel c).
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have shown that socio-economic vulnerabilities were 
major drivers in mortality outcomes during the period 
of the pandemic,14 beyond population age structure and 
prevalence of chronic diseases. Our findings from a 
geographic perspective are consistent with the findings 
of that prior research and highlight similar areas where 
socio-economic vulnerabilities are more salient, pri
marily in the Northern regions.14,28 Our research further 
expands prior findings in that it addresses all-cause 
mortality among caregivers and its differential impact 
on orphanhood.

Many causes of orphanhood beyond COVID-19 are 
important to address from a prevention point of view. 
While the effects of that pandemic have largely sub
sided, other causes are ongoing. One such cause is 
violence in its multiple expressions which affects 
mostly younger populations many of which are likely to 
have younger children in their families Interpersonal 
violence constitutes the top cause of death for women 
aged 30–34 in Brazil29 with intimate partner violence 
potentially being an important cause of orphanhood for 
children bereft of mothers in this age range. In its most 
lethal manifestation, Brazil ranks first in terms of 
counts of homicide deaths globally and has rates over 
20 per 100,000 population in the American continent.30 

The Americas report the highest homicide rates per 
100,000 population globally, mainly affecting younger 
males (ages 15-29 years-old).30 While in recent years, 
national trends show reductions in homicide, subna
tionally, trends are very different at State levels.31

While attention has been drawn to COVID-19 or
phans in research publications6,19 and policy briefs,11 

especially in Brazil,32 they have to date been based on 
modelling approaches, combining epidemiological, de
mographic, and statistical methods and at the national 
level only. While these methods are especially valuable 
in data poor settings, wherever possible these ap
proaches should be augmented by analyses of directly- 
observed data, such as administrative or survey data. 
With the notable exception of Brazil, these data simply 
did not exist in the early years of the pandemic (and we 
are unaware of any comprehensive efforts subse
quently). The situation in Brazil thus presented a 
unique opportunity to partially validate the modeling 
methods and to characterize the degree to which 
administrative data undercounts orphans.

When comparing the fraction of maternal and 
paternal orphans in the Arpen-Brasil Civil Registry 
dataset and the Campinas dataset to our modeled esti
mates, there was a very close match. The same was true 
of a temporal match between our modeled estimates 
and the Arpen-Brasil dataset. However, there was a 
stark difference in the magnitude of the number of 
children affected. Arpen-Brasil’s numbers were about 
one third as high as our estimates, and the Campinas 
numbers about one half, both of which are to be ex
pected with administrative data. There are two reasons 

why administrative data would provide an undercount 
of COVID-19 orphans. First, COVID-19 was itself 
undercounted in death records in the context of the 
unfolding pandemic in 2020–21.21 Secondly, both the 
Arpen-Brasil and Campinas datasets that we used relied 
on death certificates. While Brazil is unique in the 
world in that death certificates record information on 
child dependents of the deceased,12 this field is not 
digitally available and requires local work manually 
checking each certificate, and we would never expect 
this type of administrative data collection to yield 
complete data. Similarly, the Arpen-Brasil dataset relied 
on a matching process carried out by individual Civil 
Registry offices across Brazil between death and birth 
certificates (a process that was on the whole only 
possible for children aged 0 to 6 due to recent changes 
in how identification numbers are now assigned at 
birth). This type of matching with governmental re
cords is never perfect, and birth certificates may fail to 
list fathers.33 Implied ascertainment in the Civil Regis
try data (Fig. 4c) also varied substantially over time, 
with changes occurring in a smooth manner rather 
than through abrupt fluctuations. This pattern suggests 
the presence of a genuine underlying signal rather than 
random noise. The factors driving these variations 
should be investigated to enhance our understanding.

From a legislative perspective Brazil also addresses 
orphanhood linked to violence specifically due to fem
inicide. Law No. 14,717/2023, establishes a special 
pension for children and dependents orphaned due to 
feminicide. This problem affects mostly younger 
women and hence has a great impact on children who 
are left without caregivers. The law focuses on the 
protection and support of indirect victims of gender- 
based violence.

Our methods also have limitations. We use excess 
mortality to approximate COVID-19-associated deaths 
to eliminate bias associated with cause-of-death 
reporting, although our estimates potentially include 
non-COVID-related deaths (biasing orphanhood esti
mates upwards) or undercount COVID-related deaths if 
societal interventions resulted in a reduction in other 
causes of mortality (biasing orphanhood estimates 
downwards).3 Various simplifying probabilistic as
sumptions were made, such as the independence 
between the probability that both parents die, when co- 
residing family members share many exposures such 
as to infectious pathogens or environmental hazards. 
The independence assumption likely results in us 
undercounting double orphanhood, and thus slightly 
overcounting total orphanhood. We also assume that 
fertility and mortality are independent. If parents with 
more children were more likely to die, then we will 
underestimate the true rate of orphanhood (and vice- 
versa). These data were also not available dis
aggregated by ethnicity so no conclusions could be 
drawn about this.
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While the PNS survey (used for male fertility and 
household structure estimates) features a large sam
ple size, there are still high levels of uncertainty when 
estimating quantities at the state-level or by the age- 
of-child. Multiple approximations were required 
when using other data sources also, such as the 
interpolation of population count data prior to 2010, 
and the application of point estimates of live births 
underreporting from a single year to multiple years 
of births data. These approximations are small and 
are expected to cause only small bias, but the extent 
of this bias is again difficult to quantify. We are also 
limited by the timeframe covered by the data we used, 
while excess mortality estimates covered January 
2020 through December 2021, the COVID-19 public 
health emergency continued until May 2023,34 

meaning additional COVID-19-associated orphan
hood will have occurred after the conclusion of our 
study period. We also lacked the data required to 
perform uncertainty quantification on a monthly ba
sis, thus preventing the separation of the early 2020 
pre-pandemic period from later months, however, 
low excess mortality during that time suggests min
imal impact on our estimates.

Given both the high magnitude and concerning life- 
long consequences of orphanhood from all causes in 
Brazil, sources of administrative data like those cited in 
this report could be used to identify children affected by 
orphanhood in real time and link them to care. Spe
cifically, further research should evaluate the effective
ness of using these sources of orphanhood data to refer 
surviving caregivers to evidence-based parenting, eco
nomic, and educational support, to ensure these chil
dren are protected from negative orphanhood-linked 
outcomes. These data are also useful in identifying how 
health issues differentially affect populations by geog
raphy and socio-economic status. Consequently, it can 
contribute to a more effective and egalitarian allocation 
of resources for prevention. Where administrative data 
are not available, future research should seek to 
incorporate additional sources of data to produce 
higher-quality estimates of orphanhood. Efforts to pro
tect orphans due to all causes may be further improved 
through legislation that integrates different causes of 
mortality among caregivers and links it to protection 
measures for children and dependents. Brazil is in a 
unique position to lead globally on this front as it has 
already a robust infrastructure of data that if improved 
can further enhance the country’s longstanding public 
health focus on primary prevention.

Conclusion
The COVID-19 pandemic serves as an example of 
government reaction and preparedness for a crisis. The 
sharp, rapid, and comprehensive response needed for 
children can only begin to be effective if it is based on 
accurate, targeted, and available data to guide the 

response. This study has important policy implica
tions for governments who continue to struggle with 
how to effectively design and deliver social assistance 
to orphans. The first step in policy is the accurate 
identification of the target population in need. Offi
cial death certificates are effective in helping to 
identify orphans, but administrative data alone are 
insufficient. In Brazil in particular, the evidence 
presented in this study suggests that there could be 
sizable shares of orphans in the groups of children 7 
years and older, including adolescents, who are 
wholly missing from the nationwide administrative 
data. As we noted earlier, despite the magnitude of 
the number of caregivers lost to COVID-19, a na
tional program to monitor and provide a broad array 
of services to orphans does not exist in Brazil. Most of 
the legislation introduced in 2021 is still under dis
cussion in the Senate. This provision may serve as a 
global blueprint for child crisis provision. Addressing 
the limitations of information systems aimed at 
identifying and monitoring these children at risk may 
increase the accuracy of estimates and better inform 
public health responses. Urgent attention is war
ranted to refine these systems so that the response to 
the next crisis meets the needs of so many children 
who currently fall under the radar.

Contributors
Conceptualisation: NS, HJTU, ASB, LC, SH, MCC, SF. Methodology: 
NS, HJTU, AB, ASB, OR, JP, MCC, SF. Investigation: NS HJTU, JP, 
AV, LM, LC, SH, ASS, MCC, SF, RPS. Software: NS. Data curation: NS, 
HJTU, JP, ES, AVRA, RPS, ASS, MCC, SF. Visualisation: NS, HJTU, 
SF. Validation: NS, HJTU, SF. Writing—original draft: NS, HJTU, AV, 
LC, SH, LB, MCC, SF. Writing—review and editing: NS, HJTU, AV, LS, 
AVRA, SH, LR, LB, MCC, SF. Decision to submit: SF.

Data sharing statement
All code and data (where we are able to provide directly) required to 
reproduce these results are available at https://github.com/ 
MLGlobalHealth/BrazilOrphanhood. Where we are unable to provide 
original data, instructions are provided in this repository on how to 
obtain the data. A flowchart of the structure of the code is provided in 
Supplementary Fig. S5.

Ethics and use of AI
The study used only open available data. Death certificates in Brazil are 
public documents (federal law n. 6015 issued on December 31, 1973) 
and were obtained and reviewed for Campinas by co-author Andrea 
Santos Souza. Administrative data on COVID-19 orphans were shared 
by the Associação Nacional dos Registradores de Pessoas Naturais 
(Arpen-Brasil).

Generative AI technology (ChatGPT) was used to support code 
development, primarily for the creation of figures. No AI-generated 
code was directly used in producing the final results.

Editor note
The Lancet Group takes a neutral position with respect to territorial 
claims in published maps and institutional affiliations.

Declaration of interests
No authors have conflicting interests. Details of grant funding are 
provided in the acknowledgements. HJTU and OR also declare funding 
from Moderna charitable foundation for a different project about 
orphanhood.

Articles

12 www.thelancet.com Vol 51 November, 2025



Acknowledgements
N.S. acknowledges support from EPSRC grant EP/V002910/2 and U.S. 
Centers for Disease Control and Prevention and World Health Orga
nization: “Building Global Public Health Capacity to Link Real-Time 
Modelling Data on COVID-19-associated Orphanhood and Caregiver 
Deaths to Inform Prevention, Preparedness and Protection from 
COVID-19 consequences,” 2023 (CDC/WHO grant). H.T.J.U. ac
knowledges funding from the Moderna Charity Foundation. A.B. ac
knowledges funding from EPSRC EP/X038440/1. E.S. acknowledges 
funding from EPSRC EP/V002910/2 and support from the AI2050 
program at Schmidt Sciences (Grant [G-22-64476]). A.V.R.A acknowl
edges funding from the Moderna Charity Foundation. O.R. acknowl
edges funding from the Moderna Charity Foundation. L.C. 
acknowledges funding from the European Research Council (#771468). 
L.B. acknowledges CNPq (Conselho Nacional de Desenvolvimento 
Científico e Tecnológico (CNPq)), Grant (312475/2022-5) and FAPESP 
(Fundação de Amparo à Pesquisa do Estado de São Paulo (Fapesp)), 
Grant (2021/08772-9). S.F. acknowledges funding from CDC/WHO 
grant and EPSRC EP/V002910/2.

We thank Jeff Imai-Eaton for helpful discussions about methods for 
analyzing survey data.

Disclaimer: The findings, interpretations, and conclusions 
expressed in this work are entirely those of the authors. They do not 
necessarily reflect the views of the authors’ employers, their boards, or 
the governments they represent, and do not necessarily represent the 
view or official position of the US Centers for Disease Control and 
Prevention, USAID, PEPFAR, the US Government, the World Bank, 
WHO, or Moderna.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi. 
org/10.1016/j.lana.2025.101252.

References
1 Kessler RC, McLaughlin KA, Green JG, et al. Childhood adversities 

and adult psychopathology in the WHO world mental health sur
veys. Br J Psychiatry. 2010;197(5):378–385. https://doi.org/10.1192/ 
bjp.bp.110.080499.

2 Kidman R, Palermo T. The relationship between parental presence 
and child sexual violence: evidence from thirteen countries in sub- 
Saharan Africa. Child Abuse Negl. 2016;51:172–180. https://doi.org/ 
10.1016/j.chiabu.2015.10.018.

3 Villaveces A, Chen Y, Tucker S, et al. Orphanhood and caregiver 
death among children in the United States by all-cause mortality, 
2000-2021. Nat Med. 2025;31:672–683. https://doi.org/10.1038/ 
s41591-024-03343-6.

4 Sherr L, Varrall R, Mueller J, et al. A systematic review on the 
meaning of the concept “AIDS Orphan”: confusion over defini
tions and implications for care. AIDS Care. 2008;20(5):527–536. 
https://doi.org/10.1080/09540120701867248.

5 Buchanan A, Rotkirch A. Twenty-first century grandparents: global 
perspectives on changing roles and consequences. Contemp Soc 
Sci. 2018;13(2):131–144. https://doi.org/10.1080/21582041.2018. 
1467034.

6 Hillis SD, Unwin HJT, Chen Y, et al. Global minimum estimates 
of children affected by COVID-19-associated orphanhood and 
deaths of caregivers: a modelling study. Lancet. 2021;398 
(10298):391–402. https://doi.org/10.1016/S0140-6736(21)01253-8.

7 Cluver L, Imai-Eaton JW, Sherr L, Mahy M, Flaxman S. Reautho
rise PEPFAR to prevent death, orphanhood, and suffering for 
millions of children. Lancet. 2023;402(10404):769–770. https://doi. 
org/10.1016/S0140-6736(23)01723-3.

8 Belsey MA, Sherr L. The definition of true orphan prevalence: 
trends, contexts and implications for policies and programmes. 
Vulnerable Child Youth Stud. 2011;6(3):185–200. https://doi.org/10. 
1080/17450128.2011.587552.

9 Evans DK, Popova A. Orphans and ebola: estimating the secondary 
impact of a public health crisis. The World Bank; 2015. Available 
from: https://elibrary.worldbank.org/doi/abs/10.1596/1813-9450- 
7196.

10 Thomas T, Tan M, Ahmed Y, Grigorenko EL. A systematic review 
and meta-analysis of interventions for orphans and vulnerable 

children affected by HIV/AIDS worldwide. Ann Behav Med. 
2020;54(11):853–866. https://doi.org/10.1093/abm/kaaa022.

11 Hillis SD, Unwin J, Cluver L, et al. Children: the hidden pandemic 
2021: a joint report of COVID-19-associated orphanhood and a strategy 
for action; 2021. Available from: https://stacks.cdc.gov/view/cdc/ 
108199.

12 Flaxman S, Kasonka L, Cluver L, et al. List child dependents on 
death certificates. Science. 2023;380(6644):467. https://doi.org/10. 
1126/science.adh8784.

13 Castro MC, Kim S, Barberia L, et al. Spatiotemporal pattern of 
COVID-19 spread in Brazil. Science. 2021;372(6544):821–826. 
https://doi.org/10.1126/science.abh1558.

14 Rocha R, Atun R, Massuda A, et al. Effect of socioeconomic in
equalities and vulnerabilities on health-system preparedness and 
response to COVID-19 in Brazil: a comprehensive analysis. Lancet 
Glob Health. 2021;9(6):e782–e792. https://doi.org/10.1016/S2214- 
109X(21)00081-4.

15 Brizzi A, Whittaker C, Servo LMS, et al. Spatial and temporal 
fluctuations in COVID-19 fatality rates in Brazilian hospitals. Nat 
Med. 2022;28(7):1476–1485. https://doi.org/10.1038/s41591-022- 
01807-1.

16 Szwarcwald CL, Boccolini CS, da Silva de Almeida W, Soares 
Filho AM, Malta DC. COVID-19 mortality in Brazil, 2020-21: 
consequences of the pandemic inadequate management. Arch 
Public Health. 2022;80(1):255. https://doi.org/10.1186/s13690-022- 
01012-z.

17 IBGE. Estudo complementar à aplicação da técnica de captura- 
recaptura : estimativas desagregadas dos totais de nascidos vivos e 
óbitos : 2020/IBGE, Coordenação de População e Indicadores 
Sociais; 2022 [cited 2024 Aug 23]. Available from: https:// 
biblioteca.ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes 
&id=2101978.

18 Sistema de informação sobre Nascidos Vivos – sinasc - OPEN
DATASUS; 2023 [cited 2023 Dec 6]. Available from: https:// 
opendatasus.saude.gov.br/en/dataset/sistema-de-informacao-sobre- 
nascidos-vivos-sinasc.

19 Unwin HJT, Hillis S, Cluver L, et al. Global, regional, and national 
minimum estimates of children affected by COVID-19-associated 
orphanhood and caregiver death, by age and family circumstance 
up to Oct 31, 2021: an updated modelling study. Lancet Child 
Adolesc Health. 2022;6(4):249–259. https://doi.org/10.1016/S2352- 
4642(22)00005-0.

20 Ponmattam J, Stokes A, Carvalho L, Turra C, Kim S, Castro M. 
Covid-19 and excess mortality in Brazil: subnational estimates for 2020 
and 2021. 2024. in preparation.

21 Msemburi W, Karlinsky A, Knutson V, Aleshin-Guendel S, 
Chatterji S, Wakefield J. The WHO estimates of excess mortality 
associated with the COVID-19 pandemic. Nature. 2023;613 
(7942):130–137. https://doi.org/10.1038/s41586-022-05522-2.

22 Survey: analysis of complex survey samples. Comprehensive R 
Archive Network (CRAN); 2023 [cited 2023 Dec 6]. Available from: 
https://cran.r-project.org/web/packages/survey/.

23 Covid já deixou órfãs ao menos 12 mil crianças de até 6 anos, indicam 
cartórios. ISTOÉ; 2021 [cited 2024 Jul 23]. Available from: https:// 
istoe.com.br/covid-ja-deixou-orfas-ao-menos-12-mil-criancas-de-ate- 
6-anos-indicam-cartorios/.

24 Pereira RHM, Gonçalves CN. geobr: Loads shapefiles of official spatial 
data sets of Brazil. GithHub repository; 2019. Available from: 
https://github.com/ipeaGIT/geobr.

25 OPENDATASUS. Sistema de Informação sobre Mortalidade – SIM; 
2022 [cited 2024 Jul 30]. Available from: https://opendatasus. 
saude.gov.br/dataset/sim.

26 Panorama do Censo 2022; 2022 [cited 2024 Jul 30]. Available from: 
https://censo2022.ibge.gov.br/panorama/?utm_source=ibge&utm_ 
medium=home&utm_campaign=portal.

27 International Monetary Fund. In: Spilimbergo A, Srinivasan K, 
eds. Brazil: boom, bust, and the road to recovery. London, England: 
International Monetary Fund; 2019:380. https://doi.org/10.5089/ 
9781484339749.071.

28 Pinho Neto V, Machado C, Lima F, Roman S, Dutra G. Inequalities in 
the geographic access to delivery services in Brazil. BMC Health Serv 
Res. 2024;24(1):1598. https://doi.org/10.1186/s12913-024-12042-4.

29 WHO. Global health estimates; 2024 [cited 2024 Oct 7]. Available 
from: https://www.who.int/data/global-health-estimates.

30 Chapter 2: Homicide trends and patterns. In: Global study on ho
micide 2023. Vienna: United Nations Office on Drugs and Crime; 
2023.

Articles

www.thelancet.com Vol 51 November, 2025 13



31 Global Study on Homicide. United nations: office on drugs and crime; 
2023 [cited 2024 Sep 26]. Available from: https://www.unodc.org/ 
unodc/en/data-and-analysis/global-study-on-homicide.html.

32 CDC. Global orphanhood associated with COVID-19; 2022 [cited 
2024]. Available from: https://archive.cdc.gov/www_cdc_gov/ 
globalhealth/covid-19/orphanhood/index.html.

33 Caulfield S. The right to a father’s name: a historical perspective on 
state efforts to combat the stigma of illegitimate birth in Brazil. 

Law Hist Rev. 2012;30(1):1–36. Available from: https://www. 
cambridge.org/core/journals/law-and-history-review/article/abs/ 
right-to-a-fathers-name-a-historical-perspective-on-state-efforts-to-combat- 
the-stigma-of-illegitimate-birth-in-brazil/579BC2CABE7216523FB4 
48F2C5A981F6.

34 Burki T. WHO ends the COVID-19 public health emergency. 
Lancet Respir Med. 2023;11(7):588. https://doi.org/10.1016/S2213- 
2600(23)00217-5.

Articles

14 www.thelancet.com Vol 51 November, 2025


