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Key Findings

n Substantial disruptions in service delivery were
observed immediately after Cyclone Idai, with
severely affected districts showing greater
disruptions. Overall, first antenatal care visits,
postpartum visits within 3–7 days, new family
planning users, measles vaccinations, first at-risk
children’s consultations, and fully immunized chil-
dren under age 1 were the most affected indicators.

n Within 3 months of the cyclone, we observed the
recovery, across all districts, of indicators to levels
equal to or higher than pre-Idai. This quick
recovery showcases Mozambique’s health sys-
tem resilience, particularly in the central region.

n Implementation research methods combined with
high-quality routine data provide relevant evi-
dence to support policy making and strategic
decisions, particularly in scenarios of extreme
weather events such as Cyclone Idai; therefore,
they should be prioritized.

Key Implication

n While maternal and child health care delivery is
negatively impacted by extreme weather events,
lessons learned from the recovery process can help
strengthen health systems. Policy makers should
prioritize routine health information data as a
valuable tool for tracking health system resilience.

Resumo em português no final do artigo

ABSTRACT
Introduction: Climate change-related extreme weather events
have increased in frequency and intensity, threatening people’s
health, particularly in places with weak health systems. In March
2019, Cyclone Idai devastated Mozambique’s central region,
causing infrastructure destruction, population displacement, and
death. We assessed the impact of Idai on maternal and child health
services and recovery in the Sofala and Manica provinces.
Methods: Using monthly district-level routine data from November
2016 to March 2020, we performed an uncontrolled interrupted
time series analysis to assess changes in 10 maternal and child
health indicators in all 25 districts before and after Idai. We applied
a Bayesian hierarchical negative binomial model with district-level
random intercepts and slopes to estimate Idai-related service disrup-
tions and recovery.
Results: Of the 4.44 million people in Sofala and Manica,
1.83 (41.2%) million were affected. Buzi, Nhamatanda, and
Dondo (all in Sofala province) had the highest proportion of people
affected. After Idai, all 10 indicators showed an abrupt substantial
decrease. First antenatal care visits per 100,000 women of repro-
ductive age decreased by 23% (95% confidence interval [CI]=0.62,
0.96) in March and 11% (95% CI=0.75, 1.07) in April. BCG vacci-
nations per 1,000 children under age 5 years declined by
21% (95% CI=0.69, 0.90) and measles vaccinations decreased by
25% (95% CI=0.64, 0.87) in March and remained similar in April.
Within 3 months post-cyclone, almost all districts recovered to pre-
Idai levels, including Buzi, which showed a 22% and 13% relative
increase in the number of first antenatal care visits and BCG,
respectively.
Conclusion: We found substantial health service disruptions imme-
diately after Idai, with greater impact in the most affected districts.
The findings suggest impressive recovery post-Idai, emphasizing
the need to build resilient health systems to ensure quality health
care during and after natural disasters.

INTRODUCTION

Increasingly, extreme weather events such as floods,
storms, and cyclones present a permanent threat to

health systems and individual health outcomes, particularly
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in low- and middle-income countries.1 Worldwide,
roughly 7,300 natural disasters occurred between
2000 and2019, resulting in 1.2milliondeaths (yearly
average of 35,000) and an economic loss of US$2.97
trillion.1,2 Floods and storms are the most frequent
events, accounting for 44%and28%ofnatural disas-
ters, respectively.1 Exposure to extreme weather
events leads to immediate service disruptions, in-
creased burden of infectious and non-infectious dis-
eases, and poor long-term health outcomes.3–8 A
systematic review from2012 founda47%to50%in-
crease in the population mortality at all ages and a
40% increase inmental health disorders among indi-
viduals older than age 14 years in the first year after a
severe flood episode.2,9–11

After being exposed to an extreme weather
event, older adults are 2.1 times more likely than
younger people to experience post-traumatic
stress and 1.7 timesmore likely to develop a subse-
quent adjustment disorder12; pregnant women
are at increased risk of pre-term delivery and low
birth weight13,14; and children may experience an
18% increase in diarrhea and a 15% increase in
acute respiratory infections.15 Regardless of the
magnitude of the event, women and children are
most vulnerable to disruptions in health care
(e.g., immunization andmaternal and child health
services). Antenatal care (ANC) visits, institution-
al deliveries, and postpartum care visits for both
mothers and newborns are significantly reduced
in areas recurrently affected by floods, as sug-
gested by a study conducted in Bangladesh.16

The impact of extremeweather events on pub-
lic infrastructure is expected, leading to reduced
accessibility, availability, and quality of health
care services, particularly with higher-magnitude
events.4,6 Power outages frequently occur and are
consistently associated with poor patient out-
comes, as they affect quality of care for both
chronic and acute conditions.17 Regardless of se-
verity, resilient health systems are expected to
maintain essential services while responding to
initial shocks and recover quickly.18 The speed of

recovery is related to the shock’s magnitude, its
characteristics, the population’s baseline vulnera-
bility, and the health system’s level of resilience.1

Health system resilience is defined as the capacity
to absorb external shocks and adequately and
promptly adjust to respond effectively, while
maintaining all essential functions, including re-
covering any observed losses.18–21

Because of its geographic location, Mozambique
is highly vulnerable to floods and cyclones. On
March 14, 2019, category 4 Cyclone Idai hit
Mozambique’s central region (Zambezia, Tete, Sofala,
and Manica Provinces), directly affecting 2.1 million
people and causing 603 deaths, 1,641 injuries, and the
displacement of 400,000 people.22,23 Even though
neighboring provinces (Tete and Zambézia) experi-
enced high-speedwinds and rains, the cyclonemagni-
tude there was substantially lower and resulted in
fewer fatalities, less destruction, and fewer health ser-
vice disruptionswere reported. Nomeaningful impacts
from Idai were observed in any other provinces.

With the disruption of essential services (e.g.,
water, electricity, and communications) and sig-
nificant damage to public infrastructure (includ-
ing 90 health facilities and 3,145 health workers’
homes, particularly in Manica and Sofala), the
effects of Idai exacerbated ongoing challenges in
sanitation, water supply, and food security in
these 2 provinces.24,25 One month after the cy-
clone, a cholera outbreak affected 4 districts in
Sofala Province (Beira City, Dondo, Nhamatanda,
and Buzi), with 6,768 reported cases and 8 deaths
(0.12% case fatality).22 Given the extent of the de-
struction, the budget needed to rebuild the health
infrastructure was estimated at US$202 million
over 5 years, with the first half needed in the
first year (unpublished data). Domestic and in-
ternational solidarity in the aftermath of Idai
was impressive. The national government, bi-
lateral organizations, and multilateral interna-
tional institutions played a critical role in
saving lives, bridging gaps in health service dis-
ruptions, and mobilizing resources for a com-
prehensive response plan to address immediate
and long-term needs.

There is limited evidence on health service
continuity and the speed of recovery during and
after an extreme weather event, especially in
low- and middle-income countries. Routine
health information system (RHIS) data, which
are frequently disparaged due to quality issues,
might be the best source to describe health service
impacts with high resolution, granularity, and
availability; therefore, these systems provide a
critical opportunity to understand how health
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systems adjust to external shocks and guide policy
makers’ decisions. However, they can also be af-
fected during external shocks, which may impede
efforts to distinguish whether disruptions reflect
service discontinuity or simply a lack of data.

In the 3 years since Idai, Mozambique has
made significant progress toward rebuilding its
health infrastructure and ensuring the provision
of primary health care services. Mozambique’s ex-
periencewith Idai has offered a unique opportuni-
ty to understand the nature of health service
disruptions after an extreme weather event and
the speed of the health system’s recovery to pre-
disaster levels. In this study, we aimed to assess
Idai’s impact on district-level maternal and child
health care services in the 2 most affected pro-
vinces (Sofala and Manica), as well as evaluate
the health system’s recovery. We also intend to
demonstrate the relevance of frequently over-
looked RHIS data and propose a method to assess
service disruptions and inform emergency re-
sponse and preparedness plans. No other study
has comprehensively investigated the effects of
Idai on immediate health service utilization or
Mozambique’s recovery process. Furthermore, to
the best of our knowledge, no other study has in-
vestigated health system recovery after an ex-
treme weather event by applying the methods
used in this study.

METHODS
Study Design
Using a quasi-experimental design, we performed
an uncontrolled interrupted time series analysis to
assess monthly changes from November 2016 to
March 2020 in 10 selected indicators.26–29 These
indicators covered the continuum of maternal
and child health service delivery in 25 districts
across 2 provinces (Manica and Sofala) before
and after Cyclone Idai.

Setting
We assumed 10% as the cut-off value for the per-
centage of people affected by Idai. Manica and
Sofala provinces were selected due to the percent-
age of people (41.2%) affected in those provinces,
a proxy measure of Idai’s impact. Zambezia and
Tete provinces were excluded because less than
5% of the total province population was affected.

Sofala and Manica are neighboring provinces
located in the central region of Mozambique
(Figure 1). Sofala is situated along the coast of the
Indian Ocean, whereas Manica borders Zimbabwe

to the west. Sofala is among the poorest of
Mozambique’s 11 provinces. In 2017, Sofala’s
population was 2.3 million, of which 60% were
living in rural areas; Manica’s population was
1.9 million, with 66% living in rural areas. In
both provinces, the under-5 mortality rate was
higher than 100 deaths per 1,000 live births in
2011.24,30 For administrative purposes, the cities
of Beira and Chimoio are considered districts.

Maternal and Child Health Service Delivery
Outcomes
Ten indicators available through the RHIS were
selected to reflect a range of maternal and child
services at the primary health care level.
Together they were used to assess Idai’s impact
on service utilization. The following indicators
were assessed using monthly aggregated counts
at the district level: (1) first antenatal care visits;
(2) women completing at least 4 doses of inter-
mittent preventive treatment for malaria during
pregnancy (IPTp4); (3) institutional deliveries;
(4) postpartum care visits within 3 to 7 days after
delivery; (5) new users of modern contracep-
tives; (6) bacillus Calmette-Guerin (BCG) vacci-
nations; (7) diphtheria, pertussis, tetanus, and
Haemophilus influenzae type b (DPT-Hib3) vacci-
nations; (8) measles vaccinations; (9) fully im-
munized children under age 1; and (10) first
consultations for pediatric at-risk services.

Cyclone Idai
Cyclone Idai was characterized by high-speed
winds reaching more than 118 miles (190 kilo-
meters) per hour and heavy rains (200 mm per
day). The cyclone led to destruction and flooding
in districts and communities surrounding Buzi, a
prominent regional river. On its trajectory, Idai
inflicted the most damage to Sofala and Manica
provinces. Within the provinces, 7 districts (4 in
Sofala and 3 in Manica) experienced the highest
impact. Beira City, where Idai made landfall in
Sofala province, was mostly affected by high-
speed winds. However, Buzi District, also in
Sofala, suffered from both high-speed winds and
dramatic floods that covered almost the entire
district.

Given the heterogeneity in the levels of de-
struction, we characterized Idai’s severity based
on the proportion of people affected in each dis-
trict (estimated as the number of people affected
among the total district population). We defined
this as the “resident population whose homes
were affected by shelter damage and have not left
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the assessed locality.”31 We created 3 strata of dis-
tricts: I) least affected, II) moderately affected, and
III) highly affected. All districts with no affected
people were included in strata I. We used the me-
dian (of the proportion of affected people) to sepa-
rate strata II and strata III (Table 1).

Data Collection and Processing
Data on selected indicators were sourced from the
health information system (Sistema de Informação de
Saúde para Monitoria e Avaliação, or SISMA), based
on the District Health Information Management
System 2 (DHIS-2), from November 2016 to March

2020. Population data (including the total number
of women of reproductive age and children under
5) were sourced from the 2007 Population and
Housing Census, using district-level projections
for 2017. After 2017, Manica District was divided
into 2 districts (Manica and Vanduzi), and
Gondola District was divided into Gondola and
Macate districts. Data from the 2017 census were
used to distribute the projected population of
Manica and Gondola districts proportionately
into these new districts.

We collected and analyzed data for 25 districts
(13 in Sofala Province and 12 inManica Province)

FIGURE 1. Map of Sofala and Manica Provinces in Mozambique
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in Mozambique over a period of 42 consecutive
months from November 2016 to March 2020.
Of the 25 districts, we classified 10 as least af-
fected (strata I), 7 as medium affected (strata
II), and 8 as highly affected (strata III) by
Cyclone Idai, based on the number of people
affected.31

Statistical Analysis
We explored the data to assess completion and the
presence of potential outliers to inform the anal-
ysis. Furthermore, we assessed district-specific
time series plots to identify the parametrization
of the models. For district comparisons, we used
descriptive statistics (mean, standard deviation,

TABLE 1. Population and Level of Cyclone Idai Destruction in 25 Districts of Manica and Sofala Provinces, Mozambique, 2019

2019 Populationa Cyclone Idai Impactb

Districts Total Population
Women Aged
15–49 Years, %

Children Aged Younger
Than 5 Years, %

Affected People,
No. (%) Stratac

Manica Province 2,056,037 30.2 17.9 414,977 (20.2)

Bárue 205,756 30.6 17.6 - I

Chimoio City 417,954 31.8 16.0 1,603 (0.4) II

Gondola 212,930 30.0 17.7 104,528 (49.1) III

Guro 105,906 29.6 18.4 - I

Macate 92,059 28.7 18.4 51,284 (55.7) III

Machaze 137,857 31.9 18.3 21,576 (15.7) II

Macossa 50,294 29.7 18.4 - I

Manica 241,122 30.3 17.2 10,234 (4.2) II

Mossurize 222,078 31.0 18.3 51,068 (23.0) II

Sussundenga 185,790 30.3 17.8 139,889 (75.3) III

Tambarra 58,324 29.9 18.4 - I

Vanduzi 125,967 29.0 18.4 34,795 (27.6) II

Sofala Province 2,388,902 30.6 16.8 1,416,690 (59.3)

Búzi 191,693 30.7 17.1 247,193 (129.0) III

Caia 171,334 30.5 16.9 - I

Chemba 89,784 30.5 17.4 - I

Cheringoma 62,586 30.7 16.3 - I

Chibabava 145,778 31.5 17.4 41,204 (28.3) II

Beira City 651,313 31.7 14.6 575,077 (88.3) III

Dondo 210,742 30.5 16.0 211,266 (100.2) III

Gorongosa 191,565 30.6 16.8 - I

Machanga 60,223 30.8 17.4 20,004 (33.2) II

Maríngue 102,833 30.8 17.4 - I

Marromeu 167,791 30.3 16.3 - I

Muanza 41,179 28.7 17.5 34,202 (83.1) III

Nhamatanda 302,081 30.0 16.9 287,744 (95.3) III

Total 4,444,939 30.4 17.3 1,831,667 (41.2)

a Projected population based on National Institute of Statistics (INE) 2007 Census.32
bNational Institute for Disaster Management (INGD) reports.29
c Based on the number of people affected (percentage) after Cyclone Idai, strata I districts were the least affected, strata II were medium affected, and strata III were
highly affected.
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coefficient of variation [CV], minimum, and
maximum). We modeled the monthly counts of
service provision, accounting for yearly estimat-
ed population and potential overdispersion
through a negative binomial regression with
district-specific random effects (intercepts and
slopes) using an equation (Box).

We computed the relative losses as the ratio
between the observed counts for Idai and the
expected counts for a district in a particular month
since March 2019. The predicted counts are esti-
mated from the model above with the on and off
Idai scenarios set by the indicators I() terms as 1
or 0, respectively. The calculations are done at the
district level. We assessed the relative loss by ag-
gregating districts into their respective strata of cy-
clone damage.

The above equation is estimated as generalized
linear mixed model (GLMM)32 with negative
binomial family and log link for each of the 10 ser-
vice provision indicators. GLMMs are an exten-
sion of GLM to include random effects to address
the nested and clustered nature of the data (e.g.,
1 district has monthly counts making 42 observa-
tions). The GLMMs can be estimated through
Maximum-Likelihood (ML), restricted ML (REML),
and Bayesian approaches.33 Due to numeric estima-
tion challenges (multiple random effects and issues

of estimation convergence) and less bias on the
variance of the random effects, we chose to use
the Bayesian approach.34 All regression models
were estimated using Stan programming lan-
guage through the brms package in RStudio
version 3.6.3 (RStudio).35,36 As priors, we chose
for fixed effects coefficients univariate normal dis-
tribution with 0 mean and 100 variance, for each
standard deviation of the random effects a half
Student-t with 3 degrees of freedom and scale pa-
rameter that is minimally 10, and for the negative
binomial shape parameter a gamma distribution
with 0.01 for shape and rate parameter. For corre-
lations, the default priors were left unchanged.
Four parallel chains were fit with 16,000 itera-
tions, of which the first 1,000 were discarded as
burn-in. We used Gelman-Rubin diagnostics (less
than 1.02), trace plots, and autocorrelations to as-
sess convergence, good mixing, and iteration au-
tocorrelation. We applied a thin of 5, resulting in
12,000 iterations remaining for the posterior esti-
mation. These were used to estimate the relative
loss of service delivery in March, April, and May
2019 and to assess the immediate losses due to
the cyclone and the subsequent overall recovery.
We focused the analysis on 3 months to capture
the first month of returning to pre-Idai levels. The
exponentiated parameters b jump and b post

BOX. Model Used to Calculate Monthly Counts for Service Provision After Cyclone Idai

logðcountdtÞ ¼ ðb 0 þ b�d0 Þ
þ ðbpost þ b�dpostÞ � Iðtime � March2019Þ

þ ðbMarch2019 þ b�dMarch2019Þ � Iðtime ¼ March2019Þ þ ðbApril2019 þ b�dApril2019Þ � Iðtime ¼ April2019Þ
þ ðbpre þ b�dpreÞ � timeþ ðbpostslope þ b�dpostslopeÞ � time�

þ SeasonðtimeÞ þ 1 � log ðPopulationdtÞ
where count is the count of services delivered from a district d at time t. The subscript t and the variable time indicate time in months since
November 2016, and for the variable time* since March 2019 (taking value zero otherwise). The I(time ≥ March2019), I(time =
March2019), and I(time = April2019) represent dummy indicators for time past March 2019, only March 2019, and only April 2019, re-
spectively. Their coefficients capture the overall immediate impact post-Cyclone Idai (b post) on the health system, and specific March
(bMarch2019) and April 2019 (b April2019) impacts. Season(time) represents a function of time to capture seasonal trends, here chosen as 11
dummy indicators for each month with January as reference. The yearly projected population (women ages 15 to 49 or children under 5) was
added as an offset.
b0 is the intercept (overall log-mean count on November 2016), b pre is the overall monthly change in log counts for all 25 districts before the
cyclone, b post is the immediate overall change in log counts for all districts since March 2019 (affecting the overall post-Cyclone Idai period),
bMarch2019 and b April2019 are March- and April 2019-specific deviations from the overall b post, b postslope is the overall monthly change in log
counts during the post-cyclone period, and b* coefficients are district-specific deviations from the respective b coefficient. The above model works
on counts per population; therefore, the exponentiated coefficients are to be interpreted as relative changes in the count services per population.
So immediately after Idai, there was ebpost, ebpost þ bMach2019 and ebpost þ bApril2019 for overall months, specific to March 2019, and specific to
April 2019, respectively, associated level change in count services per population. We focus on these 2 months as they represent the period of
greatest impact.
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indicate the overall relative changes across 25 dis-
tricts in the months after Cyclone Idai.

Ethics Approval
We used monthly district-level aggregated data,
with approval from the Ministry of Health. We
extracted data from the health information system
devoid of individual-level identifiers.

RESULTS
Of the 4.44 million people living in Sofala and
Manica provinces, 41.2% (1.83 million) were af-
fected by the cyclone. Overall, the greatest impact
was observed in Buzi, Dondo, and Nhamatanda,
where almost all district inhabitants were affect-
ed.31,37 Table 1 shows the district-specific popula-
tion and the proportion of affected people.

District Characteristics Before Cyclone Idai
In 2017, for each of the 10 selected indicators, the
cities of Beira and Chimoio (provincial capitals)
had substantially higher average monthly counts
than their respective provinces. The average num-
ber of first ANC visits was 847 (CV: 0.51) in
Manica and 813 (CV: 0.61) in Sofala. Across the
25 districts, the monthly average number of first
ANC visits ranged from 304 (CV: 0.05) in
Machanga to 2,015 (CV: 0.12) in Beira City. The
monthly average number of institutional deliver-
ies was similar in both provinces: 562 (CV: 0.73)
in Sofala and 558 (CV: 0.53) in Manica. The
monthly mean number of new users of modern
contraceptives was higher in Manica (2,150; CV:
1.24) than in Sofala (1,663; CV:1.12). In Manica,
the monthly average number of children who
completed all vaccines within the first year of life
fluctuated from 192 (CV: 0.31) in Tambara to
1,096 (CV: 0.18) in Chimoio City, while in
Sofala, it ranged from 124 (CV:0.31) in Muanza
to 1,201 (CV:0.22) in Beira City. Compared to
the number of institutional deliveries, the mean
number of postpartum visits was lower than
expected—less than one-sixth of the mean insti-
tutional deliveries for both provinces. Table 2
shows the monthly average counts for each indi-
cator per district.

Regression Results
In November 2016, across all 25 districts, the aver-
age number of pregnant women per 100,000
women of reproductive age (WRA) who had com-
pleted a first ANC visit was 934 (95% CI=867,
1,007); of those, an average of 310 (95% CI=246,

392) women per 100,000WRA completed at least
4 doses of IPTp and another 601 (95% CI=556,
649) per 100,000 WRA had delivered in a health
facility. The average number of new users of mod-
ern contraceptives was 2,531 per 100,000 WRA
(95% CI=2,107, 3,050) in November 2016. In the
same month, on average, 2,293 (95% CI=2,080,
2,524) children per 100,000 children younger
than 1 year were vaccinated against BCG, and an-
other 2,113 (95% CI=1909, 2,342) had been vac-
cinated against measles.

Between November 2016 and February 2019,
the period before Cyclone Idai, all indicators—ex-
cept first ANC visits and postpartum visits—
showed consistent and positive trends, although
with significant heterogeneity across districts.
Institutional deliveries per 100,000 WRA showed
a significant monthly increase of 0.5%; (95%
CI=1.00, 1.01), leading to an annual increase of
5.78% between the study baseline and February
2019. Similarly, pregnant women who completed
at least 4 doses of IPTp (1.3%: 95%CI=1.01, 1.02)
and new users of modern contraceptives
(1.3%: 95% CI=1.01, 1.02) revealed significant
monthly increases, culminating with annual
gains of 16.9% and 17.0%, respectively, in the
same period. Immunization trends before Idai
(November 2016 to February 2019) were posi-
tive, with monthly increases of 0.4% (95%
CI=1.00, 1.01) for measles vaccinations and
0.3% (95% CI=1.00, 1.01) for DPT-Hib3 vaccina-
tions, corresponding to yearly gains of 5.3% and
3.0%, respectively. Before Idai, only postpartumvis-
its had a significant negative trend, with a monthly
loss of 3.4% (95%CI=0.95, 0.98).

When Cyclone Idai hit Mozambique in
March 2019, all 10 district-level service delivery
indicators showed a significant decline, which
continued through April 2019 for most indica-
tors. First ANC visits per 100,000 WRA de-
creased by 23.0% (95% CI=0.62, 0.96) in
March 2019 and 11.0% (95% CI=0.75, 1.07) in
April 2019. BCG and measles vaccinations per
1,000 children under 5 decreased by 21.0%
(95% CI=0.69, 0.90) and 25.0% (95% CI=0.64,
0.87), respectively, and remained similar in
April 2019. Statistically significant seasonal
effects were seen across all indicators (except
for IPTp4), but with different patterns; for exam-
ple, every year, immunization services per-
formed better in January, ANC services in April,
and institutional deliveries in November. Table 3
shows the regression coefficients for each model.
Figure 2 shows the overlap of the regression
observed vs. fitted values.

When Cyclone Idai
hit Mozambique
inMarch 2019, all
10 district-level
service delivery
indicators showed
a significant
decline, which
continued through
April 2019 for
most indicators.
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TABLE 2. Monthly Averages for Each Study Indicator in 25 Districts of Manica and Sofala Provinces, Mozambique, 2017

District/Province

First ANC
Visits IPTp4

Institutional
Deliveries New FP User

Measles
Vaccination

BCG
Vaccination

DPT-Hib3
Vaccination

Fully
Immunized
Children

Under Age
1 Year

First At-Risk
Children’s

Consultation

Postpartum
Care Visit
(3–7 days)

Mean (CV)a Mean (CV)a Mean (CV)a Mean (CV)a Mean (CV)a Mean (CV)a Mean (CV)a Mean (CV)a Mean (CV)a Mean (CV)a

Manica Provinceb 847 (0.51) 371 (0.68) 558 (0.53) 2,150 (1.24) 607 (0.57) 681 (0.67) 604 (0.56) 574 (0.64) 74 (0.75) 86 (1.06)

Bárue 952 (0.20) 290 (0.35) 675 (0.16) 3,953 (1.32) 764 (0.36) 901 (0.29) 801 (0.36) 779 (0.78) 101 (0.32) 71 (0.77)

Chimoio City 1,708 (0.17) 935 (0.19) 1,282 (0.07) 4,200 (0.65) 1,150 (0.16) 1,455 (0.11) 1,191 (0.10) 1,096 (0.18) 214 (0.11) 319 (0.27)

Gondola 1,064 (0.08) 482 (0.12) 660 (0.04) 3,215 (1.24) 610 (0.36) 688 (0.21) 580 (0.31) 586 (0.35) 72 (0.30) 117 (0.42)

Guro 514 (0.07) 324 (0.22) 347 (0.10) 985 (1.13) 351 (0.14) 389 (0.12) 355 (0.14) 323 (0.16) 46 (0.52) 100 (0.40)

Macate 598 (0.41) 327 (0.16) 369 (0.11) 1,217 (0.95) 436 (0.46) 462 (0.44) 435 (0.49) 426 (0.46) 46 (0.25) 35 (1.12)

Machaze 612 (0.11) 101 (0.39) 420 (0.10) 1,317 (0.74) 548 (0.50) 682 (0.81) 528 (0.34) 514 (0.44) 56 (0.26) 37 (0.49)

Macossa 222 (0.15) 84 (0.31) 166 (0.05) 598 (0.77) 184 (0.39) 167 (0.20) 166 (0.15) 159 (0.45) 10 (0.81) 33 (1.56)

Manica 1,077 (0.08) 612 (0.12) 672 (0.08) 2,069 (0.66) 744 (0.16) 781 (0.13) 771 (0.10) 705 (0.19) 115 (0.11) 126 (0.26)

Mossurize 1,346 (0.12) 561 (0.13) 803 (0.04) 2,988 (0.41) 1,171 (0.22) 1,131 (0.69) 1,076 (0.25) 1,092 (0.22) 52 (0.41) 45 (1.25)

Sussundenga 953 (0.09) 260 (0.24) 601 (0.08) 2039 (1.04) 598 (0.16) 692 (0.18) 601 (0.17) 558 (0.16) 67 (0.38) 79 (0.47)

Tambarra 364 (0.31) 54 (0.18) 195 (0.15) 1,722 (1.81) 230 (0.25) 252 (0.23) 232 (0.20) 192 (0.31) 17 (0.22) 40 (0.47)

Vanduzi 713 (0.11) 371 (0.23) 510 (0.08) 1,494 (1.34) 504 (0.20) 576 (0.13) 506 (0.16) 460 (0.21) 47 (0.15) 12 (1.28)

Sofala Provinceb 813 (0.61) 289 (0.84) 562 (0.73) 1,663 (1.12) 579 (0.67) 653 (0.66) 597 (0.67) 493 (0.65) 125 (1.19) 67 (1.06)

Búzi 938 (0.12) 315 (0.15) 697 (0.09) 2,737 (0.87) 750 (0.27) 784 (0.13) 810 (0.27) 687 (0.22) 139 (0.27) 51 (0.92)

Caia 884 (0.07) 307 (0.14) 650 (0.07) 2,395 (1.34) 715 (0.51) 788 (0.35) 747 (0.51) 607 (0.45) 138 (0.26) 90 (0.43)

Chemba 445 (0.14) 41 (0.90) 275 (0.08) 1,099 (0.58) 286 (0.18) 341 (0.12) 296 (0.20) 243 (0.19) 33 (0.39) 23 (0.90)

Cheringoma 362 (0.09) 54 (0.26) 245 (0.08) 379 (1.01) 241 (0.37) 295 (0.30) 267 (0.33) 211 (0.37) 20 (0.45) 32 (0.35)

Chibabava 704 (0.09) 213 (0.21) 403 (0.13) 854 (0.87) 555 (0.19) 571 (0.11) 552 (0.16) 462 (0.15) 87 (0.21) 80 (0.19)

Beira City 2,015 (0.12) 872 (0.11) 1,657 (0.18) 3,889 (0.54) 1,479 (0.11) 1,668 (0.16) 1,510 (0.11) 1,201 (0.22) 574 (0.21) 197 (0.82)

Dondo 955 (0.14) 333 (0.16) 563 (0.12) 1961 (0.77) 603 (0.14) 694 (0.36) 637 (0.09) 565 (0.12) 145 (0.21) 98 (0.27)

Gorongosa 1,113 (0.17) 449 (0.30) 626 (0.11) 2,154 (0.32) 596 (0.11) 815 (0.16) 632 (0.12) 512 (0.10) 174 (0.47) 98 (0.27)

Machanga 304 (0.05) 136 (0.20) 242 (0.10) 522 (1.00) 240 (0.29) 248 (0.15) 228 (0.20) 224 (0.30) 43 (0.38) 22 (0.76)

Maríngue 526 (0.15) 119 (0.22) 308 (0.10) 858 (0.85) 321 (0.51) 354 (0.24) 311 (0.48) 218 (0.39) 40 (0.26) 40 (0.55)

Marromeu 759 (0.10) 250 (0.44) 493 (0.16) 2,167 (0.89) 557 (0.23) 642 (0.10) 604 (0.22) 504 (0.27) 60 (0.24) 36 (0.35)

Muanza 193 (0.15) 52 (0.23) 114 (0.11) 393 (1.10) 138 (0.36) 140 (0.24) 132 (0.21) 124 (0.31) 9 (0.53) 6 (0.71)

Nhamatanda 1,374 (0.09) 601 (0.13) 1,037 (0.10) 2,208 (1.05) 1,041 (0.25) 1,155 (0.17) 1,028 (0.25) 850 (0.22) 161 (0.15) 64 (0.77)

Total 829 (0.56) 329 (0.76) 560 (0.64) 1,896 (1.21) 592 (0.62) 667 (0.66) 600 (0.62) 532 (0.65) 101 (1.17) 76 (1.07)

Abbreviations: ANC, antenatal care visit; BCG, bacillus Calmette-Guerin; CV, coefficient of variation (ratio of standard deviation to the average); DPT-Hib3,
diphtheria, pertussis, tetanus, and Haemophilus influenzae type b immunization; FP, family planning; IPTp4, at least 4 doses of intermittent preventive treatment
prophylaxis.
aMeans and CV for the districts in the province.
b The averages and the CV are computed per district for the months of 2017.
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Relative Losses
Compared to model estimates without Cyclone
Idai, all maternal health service delivery indicators
showed immediate relative losses in March 2019
followed by recovery to levels before Idai in May
(except IPTp4) and maintained these levels for
the observation period. However, there was sub-
stantial variability across districts, with the most
substantial losses observed in strata III districts. The
overall immediate relative loss for first ANC visits
was 11.0% in March (95% CI=0.72, 1.11), with
17% in Sofala and 5.0% in Manica. The following
3 districts showed themost significant relative losses
in first ANC visits: 90.0% in Buzi (95% CI=0.07,
0.14), 28.0% in Machanga (95% CI=0.56, 0.93),
and 23.0% in Tambara (95% CI=0.60, 0.99). Three
months later (May 2019), almost all districts had re-
covered to pre-Idai levels, including Buzi, which
showed a 22.0% (95% CI=1.05, 1.43) significant

relative increase in first ANC visits. Overall, the
number of new contraceptive users showed a rela-
tive decline of 14.0% (95% CI=0.56, 1.34), with
15.0% in Sofala and 13.0% in Manica; however,
this was not significant. All districts recovered
by May 2019. Regarding institutional deliveries,
Manica showed a 9.0% (95%CI=0.78, 1.06) reduc-
tion inMarch 2019,while Sofala had a 15.0% (95%
CI=0.73, 0.99) relative decrease.

Child health service delivery indicators showed
similar results during the post-cyclone period, with
service disruptions inMarch 2019, recovery to pre-
Idai levels byMay, and substantial variability across
districts. Overall BCG vaccines dropped 10.0%
(95% CI=0.71, 1.14) in March 2019, with 6.0% in
Manica and 14.0% in Sofala. Buzi lost the most,
with a 48.0% (95% CI=0.34, 0.82) decrease; how-
ever, by May 2019, Buzi had returned to pre-Idai
levels with a 13.0% (95% CI=0.98, 1.31) relative

TABLE 3. Exponentiated Regression Coefficient for Each Study Indicator Before and After Cyclone Idai, Manica and Sofala
Provinces, Mozambique

Indicator Intercepta Postb Pre-Slopec Post-Slope Changed March 2019e April 2019f

Exponentiated Regression Coefficient (95% CI)

First ANC visit 934 (867, 1,007) 1.08 (1.02, 1.16) 0.998 (0.9965, 1.0011) 1.00 (0.99, 1.00) 0.77 (0.62, 0.96) 0.89 (0.75, 1.07)

IPTp4 310 (246, 392) 0.94 (0.85, 1.04) 1.013 (1.0080, 1.0183) 1.00 (0.98, 1.01) 0.90 (0.73, 1.11) 0.88 (0.69, 1.11)

Institutional delivery 601 (556, 649) 1.00 (0.96, 1.05) 1.005 (1.0024, 1.0069) 0.99 (0.98, 0.99) 0.87 (0.80, 0.94) 0.90 (0.84, 0.97)

New FP user 2,531 (2,107, 3,050) 1.34 (1.12, 1.60) 1.013 (1.0058, 1.0207) 0.91 (0.89, 0.93) 0.64 (0.48, 0.85) 0.69 (0.53, 0.92)

Measles vaccination 2,113 (1909, 2,342) 1.15 (1.06, 1.26) 1.004 (1.0016, 1.0069) 0.98 (0.97, 0.99) 0.75 (0.64, 0.87) 0.76 (0.62, 0.92)

BCG vaccination 2,293 (2,080, 2,524) 1.13 (1.06, 1.21) 1.001 (0.9991, 1.0035) 0.98 (0.98, 0.99) 0.79 (0.69, 0.90) 0.79 (0.65, 0.97)

DPT-Hib3 vaccination 2,121 (1910, 2,354) 1.09 (1.02, 1.17) 1.003 (1.0003, 1.0047) 0.99 (0.98, 0.99) 0.83 (0.73, 0.95) 0.77 (0.62, 0.95)

Fully immunized children under age 1 year 1,926 (1,722, 2,152) 1.13 (1.03, 1.24) 1.006 (1.0029, 1.0086) 0.98 (0.96, 0.99) 0.76 (0.65, 0.89) 0.79 (0.66, 0.94)

First at-risk children’s consultation 244 (187, 319) 1.27 (1.13, 1.42) 1.003 (0.9967, 1.0091) 1.01 (0.99, 1.02) 0.75 (0.63, 0.90) 0.73 (0.55, 0.95)

Postpartum visit within 3–7 days 103 (76, 139) 1.50 (1.13, 1.99) 0.966 (0.9538, 0.9781) 0.96 (0.92, 1.01) 0.57 (0.35, 0.94) 0.58 (0.37–0.92)

Abbreviations: ANC, antenatal care; BCG, bacillus Calmette-Guerin; DPT-Hib3, diphtheria, pertussis, tetanus, and Haemophilus influenzae type b; FP, family
planning; IPTp4, at least 4 doses of intermittent preventive treatment prophylaxis.
a Intercept (eb0) is a model estimate of the count of service deliveries per 100,000 people in November 2016 (e.g., for “first ANC visit,” there were an estimated
934 first ANC visits per 100,000 women of reproductive age in November 2016).
b Post (ebpost) is the multiplicative change of the intercept since Cyclone Idai (e.g., compared to November 2016, there was an 8% increase in first ANC visits
among women of reproductive health age in the post-Idai period [after March 2019]).
c Pre-slope (ebpre) is the monthly multiplicative increase in the ratio of indicator count to 100,000 people before Cyclone Idai (e.g., there was a 0.2% relative
decrease in first ANC visits in women of reproductive health age per month).
d Post-slope (ebpostslope) change is the multiplicative change in the pre-slope coefficient (e.g., after Cyclone Idai, the monthly trend in first ANC visits was
unchanged).
eMarch 2019 is the specific change relative to the post-level (ebMarch2019) change. This is a multiplicative deviation from the overall post-Idai level in March 2019
(e.g., during the month when Cyclone Idai occurred, the ratio of first ANC visits to the population of women of reproductive health age was 23% lower than during
the entire post-Idai period).
f April 2019 is the specific change relative to the post-level (ebApril2019) change. This is a multiplicative deviation from the overall post-Idai level in April 2019 (e.g.,
during the month following Cyclone Idai, the ratio of first ANC visits to the population of women of reproductive health age was 11% lower relative to the entire
post-Idai period).
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increase. Concerning themeasles vaccine, Buzi had
a relative loss of 38.0% (95% CI=0.36, 0.92) in
March 2019. Table 4 presents model-based esti-
mates for the relative losses by selected indicators.
The Supplement provides province- and district-
specific estimates for all relative losses for March,
April, andMay 2019.

Twomonths after Idai, strata I districts were al-
ready returning to positive trends in all but 3 indi-
cators (DPT-Hib3, IPTp4, and family planning); in

contrast, highly affected strata III districts still had
greater losses for all indicators except ANC visits
and institutional deliveries.

Among strata III districts, the relative loss in
institutional deliveries was 20.0% (95% CI=0.69,
0.94) in March 2019 and only 3.0% in May 2019.
However, Buzi showed themost significant imme-
diate relative loss in institutional deliveries, esti-
mated at 55.0% (95% CI=0.36, 0.56) in March
2019. Despite its impressive recovery, Buzi still

FIGURE 2. Average Counts for Service Delivery Indicators in 25 Districts Before and After Cyclone Idai in
Sofala and Manica Provinces, Mozambiquea

Abbreviations: ANC, antenatal care; BCG, bacillus Calmette-Guerin; CCR, child at risk consultation; DPT-Hib3, diphtheria, pertussis,
tetanus, and Haemophilus influenzae type b; FP, family planning; IPTp4, at least 4 doses of intermittent preventive treatment
prophylaxis.
aCyclone Idai March 2019 (dashed red line); observed counts (dots); model expected under Idai (solid thick line) and its 95% confi-
dence interval (dashed lines); counterfactual model expected without Idai (solid thin line).
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showed a 14.0% (95%CI=0.76, 0.97) relative loss
in institutional deliveries in May 2019. The rela-
tive decline of BCG and measles vaccinations in
March 2019 was 18.0% (95% CI=0.64, 1.06) and
18.0% (95%CI=61, 1.07), respectively. The 2 dis-
tricts that showed the most significant projected
relative losses in immunization were Buzi and
Dondo. Model estimates for Buzi showed a loss of
48.0% (95% CI=0.34, 0.82) for BCG vaccinations
and 38.0% (95%CI=0.36, 0.92) formeasles vacci-
nations, and Dondo had a loss of 23.0% (95%
CI=0.57, 0.95) and 22.0% (95% CI=0.56, 0.99),
respectively, all in March 2019. Figure 3 shows
the relative loss by strata.

DISCUSSION
To determine disruptions to maternal and child
health service delivery indicators after Cyclone
Idai, we conducted an analysis that simultaneous-
ly accounted for annual population growth at the

district level, seasonality, and historical trends us-
ing RHIS data. Overall, the results showed signifi-
cant relative losses in all 10 selected indicators in
the 2 months following Idai (March and April
2019), and a quick recovery within 3 months
back to or higher than levels seen before the cy-
clone. Not surprisingly, strata III districts that
were most seriously affected showed higher dis-
ruptions. These results corroborate previous find-
ings from similar studies16,38,39 and are consistent
with what could have been expected due to the
massive destruction of the public health service
infrastructure.1,2,14

Even though returns to pre-Idai service deliv-
ery levels were observed by May 2019, this may
not represent a full recovery, considering the
need to recuperate losses from March and April.
This is particularly true for indicators such as im-
munization, family planning, or antenatal care
(for which care seeking could have been delayed),
though not for other indicators that cannot be

TABLE 4. Model Estimates and Relative Losses for Each Study Indicator After Cyclone Idai, Manica and Sofala Provinces,
Mozambique, 2019

Indicator

Observed Model Expected Without Cyclone Idai Model Expected With Cyclone Idai Relative Lossa

Count Count (CI) Count (CI) (CI)

March April May March April May March April May March April May

First ANC visit 761 865 1,019 850 836 872 771 862 933 0.89 (0.72, 1.11) 1.00 (0.80, 1.26) 1.08 (0.95, 1.23)

(780, 927) (764, 914) (794, 958) (602, 986) (683, 1,086) (826, 1,053)

IPTp4 391 411 422 423 (348, 513) 437 (356, 536) 440 (356, 544) 397 (256, 617) 415 (251, 685) 415 (345, 500) 0.88 (0.61, 1.31) 0.88 (0.57, 1.38) 0.94 (0.79, 1.11)

Institutional delivery 567 621 645 645 (598, 694) 689 (637, 744) 669 (617, 725) 569 (485, 666) 623 (536, 723) 657 (611, 706) 0.88 (0.75, 1.02) 0.90 (0.77, 1.05) 0.98 (0.90, 1.07)

New FP user 1,676 1,627 4,526 1921 1,879 2,520 1,694 1,615 2,808 0.86 (0.56, 1.34) 0.85 (0.56, 1.29) 1.12 (0.86, 1.45)

(1,423, 2,594) (1,375, 2,566) (1,818, 3,493) (1,000, 2,870) (1,014, 2,575) (2,092, 3,768)

Measles vaccination 565 532 722 650 (569, 743) 606 (529, 695) 640 (556, 736) 566 (424, 756) 536 (350, 821) 701 (605, 813) 0.87 (0.67, 1.14) 0.87 (0.61, 1.29) 1.10 (0.97, 1.25)

BCG vaccination 591 646 775 659 (592, 733) 695 (623, 776) 706 (631, 789) 591 (457, 764) 655 (447, 960) 772 (690, 863) 0.90 (0.71, 1.14) 0.92 (0.67, 1.29) 1.10 (1.00, 1.21)

DPT-Hib3

vaccination

578 526 668 631 (567, 703) 602 (539, 673) 618 (551, 693) 579 (445, 754) 531 (368, 767) 654 (581, 736) 0.92 (0.72, 1.18) 0.87 (0.64, 1.23) 1.06 (0.96, 1.18)

Fully immunized

children under age
1 year

532 503 634 615 (534, 709) 570 (493, 659) 575 (496, 666) 533 (395, 718) 508 (340, 759) 618 (537, 712) 0.86 (0.66, 1.12) 0.88 (0.63, 1.27) 1.07 (0.96, 1.20)

First at-risk chil-

dren’s consultation

92 101 129 105 (81, 137) 108 (82, 143) 105 (78, 142) 96 (65, 142) 103 (54, 198) 130 (101, 168) 0.95 (0.72, 1.27) 0.97 (0.60, 1.65) 1.29 (1.04, 1.59)

Postpartum visit
within 3–7 days

42 53 57 48 (22, 102) 53 (24, 117) 44 (19, 102) 44 (11, 174) 48 (13, 182) 60 (28, 130) 0.86 (0.40, 1.88) 0.84 (0.43, 1.64) 1.40 (0.95, 2.06)

Abbreviations: ANC, antenatal care; BCG, bacillus Calmette-Guerin; CI, confidence interval; DPT-Hib3, diphtheria, pertussis, tetanus, and Haemophilus influen-
zae type b; FP, family planning; IPTp4, at least 4 doses of intermittent preventive treatment prophylaxis.
a Relative loss is computed at the district level by dividing the Model ExpectedWith Cyclone Idai scenario by the Model ExpectedWithout Cyclone Idai scenario.
Averages of these ratios are then computed for overall relative loss. The confidence intervals are computed from Markov Chain Monte-Carlo (MCMC) posterior
realizations.

To determine
disruptions to
maternal and
child health
service delivery
indicators after
Cyclone Idai, we
conducted an
analysis that
simultaneously
accounted for
annual population
growth at the
district level,
seasonality, and
historical trends
using RHIS data.
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postponed (such as institutional deliveries).
Therefore, studying the recovery process deserves
special attention to the type of service disrupted;
prospective studies may help researchers under-
stand the full scope of recovery when service de-
livery trends return to levels before the shock. A
study from Liberia quantified the cumulative
losses not only to capture the return to expected
trends but also to track whether losses from shock
periods had been recovered.26 While this ap-
proach could help better describe the recovery,

limitations persist—particularly when using ag-
gregated data, as in this article. With aggregated
data, it is difficult to disentangle whether specific
groups recovered, particularly for chronically under-
performing services, as higher than expected perfor-
mance may not represent a full recovery but could
instead be a consequence of increased demand due
to targeting new groups or community mobilization
activities.

The number of first consultations for at-risk
child services was least affected in March and

FIGURE 3. Relative Losses After Cyclone Idai, by Service Delivery Indicator and District-Level Destruction Strata,
Sofala and Manica Provinces, Mozambique

Abbreviations: ANC, antenatal care; BCG, bacillus Calmette-Guerin; CCR, child at risk consultation; DPT-Hib3, diphtheria, pertussis,
tetanus, and Haemophilus influenzae type b; FP, family planning; IPTp4, at least 4 doses of intermittent preventive treatment
prophylaxis.
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April 2019, particularly in strata I and II districts;
however, this indicator showed the highest rela-
tive increase in May 2019 across all districts
(Manica: 36%, Sofala: 22%), regardless of their
level of destruction. This pattern might be due to
increased demand for services for acute condi-
tions, particularly malnutrition, which is predict-
able following an extreme weather event. Most
at-risk child consultation visits are for children ex-
posed to HIV or tuberculosis, or children being
treated for malnutrition. In fact, 6 months after
the cyclone, Sofala Province reported 600 cases of
pellagra—a chronic B3 vitamin deficiency—after
decades with no episodes, which signals a critical
nutrition issue following Idai.40 Nutritional inse-
curity worsens after natural disasters, and vulner-
able populations, particularly displaced people,
face significant difficulties in securing daily meals
due to possible increases in disruptions to travel,
infrastructure destruction, and increased food
prices, among others. Vulnerable groups often
must rely on support from local and international
organizations, which lacked resources or were
delayed in some study areas.41

Several factors may have contributed to a
quick health system recovery. Because the cata-
strophic impact of Idai captured widespread in-
ternational attention, we assume that the aid
received might have contributed to minimizing
the initial shock and speeding up the recovery pro-
cess. Domestic and international support contrib-
uted to swiftly addressing essential health system
needs, including drugs, supplies, and materials.
Furthermore, significant support existed to restore
water supplies, electricity, and infrastructure re-
habilitation—all critical service readiness determi-
nants—though most support did not continue for
an extended period and was focused on high-
demand areas. Mozambique’s health sector has a
well-established coordination mechanism with
donors and implementing partners. Robust lead-
ership and collaboration, together with massive
individual solidarity, appear to have played an es-
sential role in efficiently responding to Idai (at
least during the initial shock period).44,45

To the best of our knowledge, no other studies
have focused on understanding how a health sys-
tem recovers after the shock of an extremeweath-
er event such as Cyclone Idai. Despite health
system resilience being increasingly discussed in
the field of global health, its definition, character-
istics, and indicators of measurement are still sub-
jects of debate.42 Notwithstanding, definitions of
health system resilience have reached consensus
in their inclusion of a health system’s ability to

respond effectively to shocks and to maintain pri-
mary health system functions in the presence of
external shocks or crises.18 Resilience is context-
specific, adaptive, and builds on new learnings
and knowledge translation into the health delivery
system.18,19,42–45 The rapid and steady recovery
seen across nearly all study indicators after the cy-
clone showcases critical signs of Mozambique’s
health system resilience, particularly in Sofala and
Manica. The substantial gains recorded within
3 months after the cyclone (by May 2019) reinforce
the evidence for resilience—as the immediate inter-
national aid, in some cases, did not appear to contin-
ue beyond this timeframe.46 These findings are not
surprising, since Mozambique has accumulated ex-
perience from previous cyclone responses (Dineo
[2017], Hellen [2014], Funso [2012], and Leon-
Eline [2000]), which has strengthened its prepared-
ness to deal with shocks.

This study provides important lessons, particu-
larly for low- and middle-income countries vul-
nerable to extreme weather events. First, the
finding that highly affected areas had themost sig-
nificant impact on services uptake reinforces the
need to establish systems that quickly detect these
areas during shock periods so that aid can be im-
mediately channeled to support recovery plans.
Second, even thoughwewere able to observe a re-
covery to pre-Idai levels, this may not be enough
since disruptions can be severe—as observed in
Buzi—and a full recovery of the accumulated
losses may take longer; therefore, robust monitor-
ing mechanisms should be developed to continue
tracking these losses. Third, external shocks can
trigger acute conditions and create space for the
emergence of related diseases, as seen in the chol-
era outbreak and resurgence of pellagra; in antici-
pation of this, RHIS data should be prioritized
since it can facilitate rapid detection as conditions
emerge and guide an informed response. Indeed,
the level of granularity achieved with RHIS data
is useful to understand district-level variability, as
well as identify highly affected services. RHIS pro-
vides a unique opportunity to track the recovery
process, particularly for indicators such as family
planning or immunization for which a full recov-
ery (not only returning to pre-shock levels but also
recovering the losses accrued during periods of
disruption) is a programmatic goal. Fourth, effec-
tive coordination mechanisms and strong leader-
ship are critical in an emergency, mainly when
massive solidarity exists and new stakeholders
come in. We have learned that the existing tools
between government agencies and partners were
essential to avoid or minimize anarchy in the

Robust leadership
and collaboration,
together with
massive
individual
solidarity, appear
to have played an
essential role in
efficiently
responding to
Idai.

The rapid and
steady recovery
seen across nearly
all study indicators
after the cyclone
showcases critical
signs of
Mozambique’s
health system
resilience,
particularly in
Sofala and
Manica.
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response and to direct aid to the most vulnerable
areas during Idai.

Limitations
This study has some notable limitations. First, dis-
tricts could have experienced disruptions to ser-
vice delivery after the cyclone even without
significant levels of destruction. Because districts
were classified by severity level based on the num-
ber of people affected, some districts could have
beenmisclassified when estimating relative losses.
Second, we relied on routine data, which may
have quality issues, including missing data.
Indeed, our analysis included a small number of
outliers; however, these were not influential.
Third, we were not able to track aid directed to
each district; therefore, we missed understanding
whether the recovery had any association with
the resources allocated. Fourth, given the study
design (uncontrolled ITSA) and lack of covariates
at the district level, causal inference should be
avoided and result interpretation should be con-
servative. Fifth, although we did not statistically
test for lead and lagged effects, our data explora-
tion (by plotting individual district time series)
did not suggest such patterns. Despite the limita-
tions, the results presented are robust and are con-
sistent with what could have been expected after
an external shock of Idai’s magnitude, with the
added advantage of quantifying the effects across
a set of essential service delivery indicators, using
routine data that are frequently overlooked to
track health system performance during and post
shocks.

CONCLUSION
This study provides evidence of the negative
impacts of extreme weather events on women’s
and children’s ability to access essential evidence-
based interventions. It also showcases how rou-
tine data is useful for tracking health system
performance and resilience during and after
shocks; therefore, it should be used and prioritized
to guide decision making. Overall, Cyclone Idai led
to massive disruptions in health service delivery,
with all elements of maternal and child health ser-
vices showing meaningful and statistically signifi-
cant decreases immediately following the cyclone.
Recovery to pre-Idai trends occurred quickly for
most indicators, although highly affected districts
took relatively much longer. However, describing
the specific characteristics that most influenced the
health system’s recovery and accumulated losses
should be investigated to more fully picture the

recovery process. Finally, despite the focus on a
single dimension of system resilience (ability to re-
cover), this study contributes to evidence on fea-
tures of health system resilience and alternative
methods for assessing them.
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Em Português

Perdas e Recuperação dos Serviços de Saúde Materno-Infantil após o Ciclone Idai em Moçambique: Uma Análise Série Temporal Interrompida sem
Controlos

Principais Resultados

� Imediatamente após o Ciclone Idai, foram observadas perdas consideráveis na prestação de serviços, tendo sido maiores nos distritos severa-
mente afectados. No geral, as primeiras consultas de pré-natais, consultas pós-parto realizadas dentro de 3 a 7 dias após o parto, novas
usuárias de planeamento familiar, vacinação contra o sarampo, primeiras consultas de crianças em risco e crianças menores de 1 ano completa-
mente imunizadas, foram os indicadores mais afectados.

� Três meses após o ciclone, observou-se uma recuperação dos indicadores para níveis iguais ou superiores ao período antes do Idai, em todos os
distritos. A rápida recuperação ilustra a resiliência do Sistema de Saúde de Moçambique, particularmente na região centro.

� Métodos de pesquisa de implementação combinados com a disponibilidade de dados de rotina de alta qualidade, podem fornecer evidência
relevante para apoiar a formulação de políticas e decisões estratégicas, particularmente em cenários de eventos climáticos extremos, como o
Ciclone Idai. Portanto, eles devem ser priorizados.

Principais Implicações

Embora a prestação de cuidados de saúde materno-infantil seja impactada negativamente por eventos climáticos extremos, as lições aprendidas com
o processo de recuperação podem ajudar a fortalecer os sistemas de saúde. Os formuladores de políticas devem priorizar os dados de rotina do
sistema de informação de saúde, como uma ferramenta valiosa para monitorar a resiliência do sistema de saúde.

Resumo

Introdução: Eventos climáticos extremos relacionados às mudanças climáticas têm aumentado em frequência e intensidade, ameaçando a saúde das
pessoas, principalmente em locais com sistemas de saúde fracos. Em Março de 2019, o ciclone Idai devastou a região centro de Moçambique, cau-
sando destruição de infraestrutura, deslocamento de população e mortes. Avaliamos o impacto do Idai nos serviços de saúde materno-infantil e a
recuperação nas províncias de Sofala e Manica.

Métodos: Usando dados de rotina mensais de nível distrital de Novembro de 2016 a Março de 2020, realizamos uma análise de série temporal
interrompida não controlada, para avaliar mudanças em 10 indicadores de saúde materno-infantil, em todos os 25 distritos, antes e depois do Idai.
Aplicamos um modelo binomial negativo hierárquico bayesiano, com intercepção e inclinação aleatórias a nível de distrito, para estimar as perdas
dos serviços de saúde atribuível ao Idai, bem como sua recuperação.

Resultados: Dos 4,44 milhões de habitantes de Sofala e Manica, 1,83 (41,2%) milhões foram afectadas. Buzi, Nhamatanda e Dondo (todos na
província de Sofala), tiveram a maior proporção de pessoas afectadas. Após o Idai, todos os 10 indicadores apresentaram uma redução abrupta e
considerável. As primeiras consultas pré-natais por 100.000 mulheres em idade reprodutiva, diminuíram em 23% (intervalo de confiança de
95% [IC]=, 0,62, –0,96) em Março e 11% (IC 95%=, 0,75, –1,07) em Abril. As vacinações de BCG por 1.000 crianças menores de 5 anos
diminuíram em 21% (IC 95% =, 0,69, –0,90) e as vacinas contra o sarampo diminuíram em 25% (IC 95% =, 0,64, –0,87) em Março e permaneceram
semelhantes em Abril. Três meses após o ciclone, quase todos os distritos recuperaram para os níveis anteriores ao Idai, incluindo Buzi, que apresentou
um aumento relativo de 22% e 13% no número de primeiras consultas pré-natais e vacinas BCG, respectivamente.

Conclusão: Encontramos perdas consideráveis nos serviços de saúde imediatamente após o Idai, com maior impacto nos distritos mais afectados. Estes
resultados sugerem uma recuperação impressionante após o Idai, enfatizando a necessidade de construir Sistemas de Saúde Resilientes para garantir
cuidados de saúde de qualidade durante e após desastres naturais.
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