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This article is part of the Research Topic ‘Health Systems Recovery in the Context of COVID-19 and Protracted Conflict'

Introduction: After the World Health Organization declared COVID-19 a pandemic, more than 184 million cases and 4 million deaths had been recorded worldwide by July 2021. These are likely to be underestimates and do not distinguish between direct and indirect deaths resulting from disruptions in health care services. The purpose of our research was to assess the early impact of COVID-19 in 2020 and early 2021 on maternal and child healthcare service delivery at the district level in Mozambique using routine health information system data, and estimate associated excess maternal and child deaths.

Methods: Using data from Mozambique's routine health information system (SISMA, Sistema de Informação em Saúde para Monitoria e Avaliação), we conducted a time-series analysis to assess changes in nine selected indicators representing the continuum of maternal and child health care service provision in 159 districts in Mozambique. The dataset was extracted as counts of services provided from January 2017 to March 2021. Descriptive statistics were used for district comparisons, and district-specific time-series plots were produced. We used absolute differences or ratios for comparisons between observed data and modeled predictions as a measure of the magnitude of loss in service provision. Mortality estimates were performed using the Lives Saved Tool (LiST).

Results: All maternal and child health care service indicators that we assessed demonstrated service delivery disruptions (below 10% of the expected counts), with the number of new users of family planing and malaria treatment with Coartem (number of children under five treated) experiencing the largest disruptions. Immediate losses were observed in April 2020 for all indicators, with the exception of treatment of malaria with Coartem. The number of excess deaths estimated in 2020 due to loss of health service delivery were 11,337 (12.8%) children under five, 5,705 (11.3%) neonates, and 387 (7.6%) mothers.

Conclusion: Findings from our study support existing research showing the negative impact of COVID-19 on maternal and child health services utilization in sub-Saharan Africa. This study offers subnational and granular estimates of service loss that can be useful for health system recovery planning. To our knowledge, it is the first study on the early impacts of COVID-19 on maternal and child health care service utilization conducted in an African Portuguese-speaking country.
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1. Introduction

As of July 6, 2021, 15 months after the World Health Organization (WHO) declared the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) a global pandemic, there were more than 184 million cases, resulting in 4 million deaths worldwide (1). By December 31, 2020, 3 million deaths had been recorded worldwide, corresponding to 1.2 million excess deaths in 2020. However, these are likely to be underestimates (2). Moreover, it is challenging to distinguish between direct and indirect deaths as a result of potential service disruption due to the COVID-19 pandemic. Early forecasts from May 2020 estimated a 9.8–44.7% increase in under-five child deaths and an 8.3–38.6% increase in maternal deaths per month due to service disruption of several maternal and child interventions in 118 low-income and middle-income countries (3).

Mozambique reported its first case of COVID-19 on March 22, 2020, with 80,888 cases reported resulting in 912 deaths as of July 6, 2021 (4). Two major outbreak waves were observed between March 2020 and April 2021, and a third wave occurred between June and September 2021. The third wave was dominated by the delta variant, with many reported cases and a higher fatality rate; however, by that time the country had vaccinated health care workers and had begun to vaccinate other major risk groups (e.g., older adults over 60 years) and had increased capacity for diagnosis and management of severe COVID-19 cases.

Early in the epidemic Mozambique established a scientific committee to guide and counsel the government's COVID-19 response, mounted a surveillance system for SARS-CoV-2 infection, and enacted a 6-month state of emergency beginning April 1, 2020 that included a range of measures to limit the spread of infections including (a) actions for personal protection (e.g., promotion of hand washing and enforcement of face mask wearing), (b) social measures and prohibition of public gatherings (social distancing; closing schools, churches, beaches, and gyms; reducing the number of workers; and instituting curfews), (c) travel restrictions, (d) environmental measures (e.g., disinfection of surfaces frequently touched) (5, 6). These actions—combined with a general public fear of contracting SARS-CoV-2 and misinformation about the source and treatment of COVID-19—potentially led to lower rates of health service utilization (3, 7).

Health information systems are core components of functional health systems as they ensure the production, analysis, dissemination and use of reliable and timely information on health service utilization, health determinants and health status (8, 9). Routine health information systems (RHIS) provide regular, repeated data that is multilevel (including data from primary care facilities to differentiated care) that can be used to establish utilization patterns and to detect deviations from these patterns that can be used to describe the magnitude and duration of disruptions to health service utilization. Such assessments are essential to plan for health service recovery, including monitoring the effects of corrective interventions (9).

The purpose of our research was to assess the early impact (2020 and early 2021) of COVID-19 on utilization of maternal and child health services at the district level in Mozambique based on routine health information system data. In addition, we aimed to estimate excess maternal and child mortality due to these losses.



2. Materials and methods


2.1. Study design

Using data from the country's routine health information system (SISMA, Sistema de Informação em Saúde para Monitoria e Avaliação), we conducted a time-series analysis to assess changes in selected indicators of maternal and child health care service provision in all districts of Mozambique in 2020 to March 2021, before widespread detection of the delta variant.

Routine health data are collected primarily via paper registers at health facilities and aggregated in monthly reports at the district level. These reports are then entered into SISMA. The dataset used for our analysis was extracted as counts of services provided from January 2017 to March 2021 for each of Mozambique's 159 districts. Since October 2019, there has been military conflict affecting vast areas of Cabo Delgado Province, leading to unprecedented population loss and displacement, as well as the destruction and closure of health facilities. We therefore decided to remove data from the Cabo Delgado Province from our analysis (Box 1).


Box 1. Cabo Delgado Province under military attack (10).

Since October 2017, the northern province of Cabo Delgado has been under armed nonstate group attacks. During 2020 there was an escalation of the attacks with brutal attacks toward civilians, setting fire to homes, shops, schools, and religious and government buildings, and forcing people to flee into the bush and neighboring villages and provinces. Between April 2020 and April 2021, the number of internally displaced people (IDP) increased from 172,000 to 732,000. Around 72% of the displaced live with host communities, while 28% are in IDP camps.





2.2. Study setting and overview of Mozambique and its health system

Mozambique is in southeastern Africa (Figure 1), with a surface area of 801,590 km2 and 2,700 km of coastal line. It is crossed from west to east by large rivers, isolating parts of the country during the rainy season (between October and March), a situation that is worsening with climate change. Administratively, the country is divided into 11 provinces. Apart from Maputo City and Maputo Province, each province is divided into ~15 districts, with a total of 159 districts in the country. The 2017 National Census recorded 26,899,105 inhabitants, with a median age of 16.6 years, life expectancy at birth of 53.7 years, and an estimated 2.8% yearly population growth rate (12). Children under five and women of reproductive age (ages 15–49) corresponded to 34.6 and 23.8% of the population, respectively. Overall Mozambique has a low population density, with 34.1 inhabitants per km2, except for Maputo City where the density is 3,107.1 inhabitants per km2 (Table 1). In 2019 the infant mortality ratio (IMR) was estimated at 51.0 deaths per 1,000 live births—among the 20 highest globally even after an average annual decrease of 2.6% since 1990 (13). The maternal mortality ratio was estimated at 289 deaths per 100,000 live births in 2017, the 3rd worst figure among the 16 nations in SADC (Southern African Development Community) region and one of the top 20 high in sub-Saharan Africa (14). Mozambique is a low-income country with a gross national income per capita in 2019 of US$504 (15). Mozambique ranks 181 out of 189 countries assessed in the Human Development Index (16).
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FIGURE 1
 Map of Mozambique with administrative divisions (provinces). Maputo City (not in the illustration) is contained within Maputo Province. Source: Darbyshire et al. (11).



TABLE 1 Mozambique demographic characteristics by province.
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The national health system provides nearly all health care services throughout the country, whereas private sector facilities are available primarily in Maputo City and a few provincial capitals. The national health system is divided into four levels of progressively more complex care. (1) The primary level (health centers or posts) provides primary care, including basic maternal and child health services in most facilities. (2) Secondary level facilities (rural, district, or general hospitals) are located at the district level, and serve as referral facilities for primary level facilities (note that some secondary level hospitals may include surgical services such as cesarean sections). (3) The tertiary level consists of hospitals located in provincial capitals, acting as referral facilities for the province. (4) The quaternary level (central hospitals) serve as regional (North, Center, or South) referral facilities (17).



2.3. Data sources and processing

Monthly data on health service provision at the district level were extracted from SISMA in April 2021 following a request from the National Directorate of Public Health (DNSP, Direcção Nacional de Saúde Pública) to assess the impact of COVID-19 on maternal and child health routine indicators. The population data (total women of reproductive age and children under five) were extracted from Government of Mozambique projections using the 2017 National Census (7).

A set of nine indicators were selected based on data availability, completeness, and whether the indicators could be used in the Lives Saved Tool (LiST) (18) for mortality estimation. The indicators included are: (1) number of women who attended first antenatal care visits; (2) number of institutional deliveries; (3) number of visits for measles vaccination; (4) number of visits for third dose of DPTH (diphteria, pertussis, tetanus toxoid combined with hepatitis B) vaccination; (5) number of postnatal care visits within 48 h after delivery; (6) number of postnatal care visits within three to seven days after delivery; (7) number of visits for treatment of malaria with Coartem for children under five; (8) number of first well-child visits; and (9) number of new family planning users. Data completeness was assessed as the proportion of district-months without missing information. Indicators missing fewer than 10% district-months were kept for analysis (Table 2) with two exceptions—treatment of malaria with Coartem and first well-child visit. These indicators were retained as measures of child health care utilization are required to estimate mortality using LiST. The team agreed that the data were sufficiently reliable to use for mortality estimation, and that while there would be greater uncertainty in LiST findings, they would still provide important guidance.


TABLE 2 Selected maternal and child health indicators for analysis between January 2017 and December 2019 (district-month counts).
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2.4. Statistical analysis

The outcome of our analysis were the service utilization counts for each indicator, aggregated at the district level. We conducted an exploratory analysis to assess data completeness, identify potential outliers, and determine the model parametrization type. Descriptive statistics (mean, standard deviation, coefficient of variation, median, first and third quartile, and proportion) were used for district comparisons, and district-specific time-series plots were produced to select the final model parametrization. Given higher unpredictability in trends in 2020 and 2021, we modeled linear trends using data prior to 2020. We then used the model predictions for each month in 2020 and the first quarter of 2021. We compared the observed counts with the expected (predicted) counts as absolute differences and ratios to provide a measure of the magnitude of loss in service provision for maternal and child health services as a result of COVID-19.

To model the data prior to 2020, we used a hierarchical negative binomial regression model with district- and province-level random effects for intercepts and district-level slopes. A negative binomial model was chosen to accommodate count outcome data with potentially greater variability than a common Poisson model. The hierarchical model addresses that districts are nested within provinces (i.e., at the highest level is the between-province variability); the multiple observations per district (i.e., between districts variability); and month-to-month within-district variability. In addition, we account for annual seasonality variability. The model has the following parametrization:

[image: image]

Where count is the count of service delivery from a district d at time t. The variable and subscript t variable time index time in months from January 2017 through December 2019. The parameters of interest are the β's and b's. The β0 represents in log-scale the overall district average counts in January 2017, whereas the [image: image] and [image: image] are deviations of a particular district d and province p, respectively. The β1 represents in log-scale the monthly average increase with [image: image] a particular district deviation. The summation with δ and I (Montht = m) are dummy indicator variables to capture monthly seasonal deviations from a January month. To account for the differences in district populations, district population is introduced as an offset (an independent variable in the model without a coefficient estimated) in the model. All regression models were estimated through the Bayesian framework using Stan programming language in the brms package (19) of R version 3.6.3 (20). The software default priors (uninformative and diffuse priors) were found to be appropriate for this analysis after the number of iterations was increased to 20,000 (5,000 per chain), and a thinning interval of 5 and 1,000 observations in the burn-up period. From the posterior distribution, 10,000 realizations of the sets of parameters were obtained and used to estimate the absolute and relative loss of service delivery for each month in 2020 and the first quarter of 2021.

Mortality estimates were performed using the LiST (18), which is a mathematical model that uses community-level maternal and child health service data as inputs to estimate maternal and child mortality. We used coverage estimates from the 2015 Immunization, Malaria and HIV/AIDS Indicator Survey (21) and the 2011 Demographic and Health Survey (22) as inputs for service coverage data. Changes in health service utilization were estimated using RHIS data aggregated at the district level, which is assumed to reflect the experience of district populations given the high utilization of maternal and child health services through the public sector, as well as infrequent population migration in Mozambique.



2.5. Ethical considerations

For this study we used district-level aggregated data, with approval from the Ministry of Health. We extracted data from the routine health information system (SISMA). Because routine data do not contain personal identifiers, ethical approval was deemed unnecessary. However, the National Directorate of Public Health approved the use of the data.




3. Results


3.1. Trends before 2020

From January 2017 through December 2019, with the exception of Cabo Delgado Province, 140 districts reported data. Table 2 describes the selected maternal and child health indicators prior to January 2020. On average, a typical district per month reported 854 new first antenatal care consults, 571 institutional deliveries, 507 postnatal visits within 48 h after delivery, 87 postnatal visits within 3–7 days after delivery, and 604 visits for a third dose of the combined diphtheria, pertussis, tetanus, and haemophilus influenza (DPTH3) vaccine. However, there is a large district-level variation with the coefficients of variation (CV) being at least 75%, i.e., for each indicator the standard deviation is above three quarters of its mean, and reaching above 100% among the monthly counts of post-antenatal care visits, malaria treatment with Coartem and first well-child visits. Antenatal care visits, institutional deliveries, measles and DPTH3 doses, and postnatal care visits within 48 h of delivery saw a relative annual growth of about 5%, whereas the other indicators saw a smaller magnitude year descending trend. The number of family planning new users remained stable in the years before COVID-19.

Table 3 shows the regression coefficients for service provision counts per 1,000 inhabitants (except for the first well-child visits, which is in counts per 100,000 children) between January 2017 and December 2019, accounting for population size and seasonality. Except for postnatal care visits (within 3–7 days) and first well-child visits, all indicators had a relative growth of 2–7% per year, apart from treatment of malaria with Coartem for children under age five, which reached 35% increase per year. The standard deviation of the random effects illustrates heterogeneity between districts (district random intercept) and provinces (province random intercept) as well as the trajectory of the indicators over time (district random slope).


TABLE 3 Mixed-effect negative binomial regression coefficients for selected indicators, January 2017 to December 2019.
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3.2. Service disruptions

Table 4 shows the observed and expected service counts in 2020 and for the first quarter of 2021. We estimated relative losses for all service provision indicators at the national level. Our findings show that all services experienced losses, but the services most affected were family planning (number of new users) and malaria treatment with Coartem (number of children under five treated), which showed relative losses of more than a quarter (29.87 and 29.62%, respectively) compared with what was expected. Other services sustained losses of < 10% of what was expected in 2020, with substantial increases in losses during the first quarter of 2021.


TABLE 4 Mozambique observed and expected service losses by indicator, 2020 and first quarter of 2021.
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The monthly ratio of observed counts to expected counts reveals immediate losses in April 2020 (Table 5) for nearly all indicators, with ratios below 0.90. Most of those indicators had sustained losses (ratios below 0.95) for more than 3 months, except for first antenatal care visits and first well-child visits. However, these patterns varied slightly by province (Supplementary Figures S1–S9). The provinces of Manica, Maputo City, Nampula, and Sofala experienced the most severe losses in the number of family planning new users.


TABLE 5 National-level relative reduction in service counts by indicator and month, 2020 and first quarter of 2021.
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3.3. Mortality impact

Using the LiST for 2020, the number of estimated excess deaths (and relative increase) is 11,337 (12.8%) children under five, 5,705 (11.3%) neonates, and 387 (7.6%) mothers (Table 6), compared to a scenario without COVID-19.


TABLE 6 Mozambique's relative reduction in service counts, by indicator and month for 2020 and first quarter of 2021.
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4. Discussion

To assess the early impacts of COVID-19 on maternal and child health service provision and maternal and child mortality in Mozambique, we analyzed data from the country's routine health information system between January 2020 and March 2021 and compared it with data from before the pandemic. We focused on the early stages of the pandemic when a COVID-19 vaccine was not yet available, there was limited and centralized laboratory capability to diagnose COVID-19, there was little to no clinical experience with a respiratory distress disease outbreak, and before the delta variant emerged as the dominant strain. Moreover, during this period, the government of Mozambique instituted a state of emergency between April and August 2020, then changed to a state of public calamity in September 2020. These restrictions included police-reinforced measures to reduce movement and access to public spaces and services (5). From April 2020 through March 2021 we found evidence of substantial service provision loss in selected indicators across the maternal child health care continuum in Mozambique. These losses are estimated to have contributed to a substantial increase in maternal, neonatal, and child mortality in 2020. Our findings complement findings from a report published in April 2022 indicating an overall negative impact on health services utilization as a result of COVID-19 from March through December 2020 in Mozambique (6). In addition, our study adds to the literature on maternal and child health service utilization losses due to COVID-19 in other sub-Saharan African countries (23, 24), and will contribute to planning for Mozambique's health system recovery. To our knowledge, this is the first study on the early impacts of COVID-19 on maternal and child healthcare service utilization and mortality conducted in one of the six African Portuguese-speaking countries.

The overall magnitude of losses in our selected indicators of maternal child health service provision are similar to what was reported for other sub-Saharan countries (24, 25), except for new users of family planning and the number of children treated with Coartem, which in our analysis reached almost 30% of service count loss. The provision of these two services includes an enormous contribution of the community health workers (CHW) in rural areas. The restrictions due to emergency or public calamity state halted CHW activities, which likely contributed to the observed service disruption. It is notable that despite experiencing losses below 10% of expected service counts, other services had accelerated losses in the first quarter of 2021. These losses represent a major blow to the efforts toward universal health coverage; however, the losses could potentially be worse still if there had not been a well-designed and implemented multi-sectorial response to prevent COVID-19 transmission (5). Still, it could be argued, as well, that some of the measures may have contributed to the losses (26).

We can group the losses in our analysis in three patterns of service loss over the months of 2020 and first quarter of 2021 (Table 5). The first includes indicators that experienced 1 month of loss (below 95% of the expected) or did not change over the course of the year relative to the expected. This is the case with first antenatal care visit counts, which in April 2020 were 13% below the expected. The second pattern includes those outcomes reduced to below 95% of what was expected for between 2 and 4 months. This group includes institutional deliveries and first well-child visits. The third group encompasses indicators that sustained more than 4 months with observed counts below 95% of what was expected. This group included immunization indicators (measles and DPTH3), post-natal visits, malaria treatment with Coartem, and family planning visits. Nevertheless, at the sub-national (province) level, there were substantial variations with Maputo City and Maputo Province showing loss of service provision (or utilization) of malaria treatment with coartem for more than 4 months, a completely different pattern to that of the other provinces. Many factors could concur with this observation. First, on the one hand, in recent years, Maputo Province and Maputo City reached a higher community prevalence of knowledge for malaria prevention and treatment that may contribute to lower malaria incidence compared to previous years. On the other hand, these two provinces were the ones with the highest reinforcement of COVID-19 prevention measures that could have contributed to deterred service utilization.

The first and second pattern of loss indicators, including first antenatal care, institutional deliveries and first well-child visits, were targeted by the National Directorate of Public Health in reaction to earlier service count drops after April 2020. The third group of indicators include services that are sensitive to health system changes like service discontinuation to provide COVID-19 treatment or health facility closure, insufficient personal protective equipment available for health care providers, and interruptions in the supply of medical equipment and health products, which likely contributed to their prolonged decrease. Notably, family planning services were the most affected likely due their reliance on community health workers.

Although our estimates of mortality due to service provision loss (an increase of under-5 child mortality by 11% and maternal mortality by 8%) are small relative to other estimates for Mozambique (3, 27), this increased mortality is concerning as it rolls back the hard-fought gains Mozambique has achieved in reducing maternal and child mortality.

Our data analysis is based on selected indicators from the Ministry of Health's RHIS combined with population size estimates at the district level. Due to high levels of missingness (above 40% of the expected observations), a small number of indicators were included in our analysis. This study supports the need for further investments in RHISs as an essential health system building block that supports health system resilience by providing timely monitoring and feedback to health system authorities, and thus are a core element of health service recovery planning (9).

During the COVID-19 pandemic new health information tools were introduced to support the response to the evolving health provision needs (28). However, these changes were largely vertically designed and implemented, and did not integrate into the routine health information system (29). Efforts to transform these vertical systems into broader RHIS improvements should be prioritized in the efforts to restore routine health services. Lessons from this experiment can help identify future opportunities, such as a digital transition of RHIS that may improve responsiveness of the health system in real-time.


4.1. Strengths and limitations

We consider the use of RHIS data at the national level over time to be a strength of this study and to provide a model for similar analyses using the RHIS for policy evaluation (30). We used RHIS data which was readily available for 24 months before the COVID-19 pandemic and for the first 15 months of COVID-19. This allowed us to estimate the expected counts for each indicator if COVID-19 didn't happen, an essential step to compare with during COVID-19 service provision counts. Although we could not include Cabo Delgado province, our data is representative of Mozambique.

Of the 11 Mozambican provinces, we could not include Cabo Delgado province because of the military insurgency affecting large areas of the province with public service unavailability, massive population migration, including health providers, and destruction of health facilities and infrastructure. This situation led to an inability to record data into RHIS and to properly assess, monitor and plan the health service provision in Cabo Delgado. This province has a damage beyond service disruption due COVID-19. For Cabo Delgado there is first need to restore peace and then a reconstruction of facilities and restoration of the health system. While the war continues efforts to restore the relief from the humanitarian crisis should be prioritized.

Our estimates are based on the assumption that the magnitude of relative reduction in health facility service utilization represents changes experienced at the district level. While RHIS data do not include services provided through the private sector, and there could be unmeasured changes in population size due to migration patterns, we are confident that our district-level estimates are sound given the lack of observed population migration (particularly under COVID-19 restrictions) and the lack of utilization of private health facilities outside of Maputo City. Second, we cannot provide uncertainty estimates from this model.

We chose a limited number of indicators along the maternal and child health care continuum based on data completeness and history of data collection. Therefore, this dataset might not fully capture service delivery disruptions [for example, malnutrition indicators may have worsened, as was documented during the early pandemic in Eastern and South Africa (31)]. In addition, our analysis was based on routine data from health facilities, which may not capture service utilization at the community level.




5. Conclusions

This study provides evidence of the negative impacts of COVID-19 on selected maternal child health service provision in Mozambique during 2020 and the first quarter of 2021. In addition, it estimates the number of children and mothers who died from such service losses. In doing so, it is another example of how RHIS can be used to quickly assess and inform a health system for better action.

These findings have important implications both within Mozambique and for the larger global health community. Plans and guidance for health system recovery can rely on data generated through routine health information system which calls for efforts to be directed to prevent parallel data collection systems. Furthermore, future epidemic responses should consider the essential role that community health workers provide in the health sector (such as in the delivery of family planning and malaria treatment). At the global level, our findings contribute to documentation of service disruptions related to a significant pandemic, and provides a model of how routine health information system data can be combined with modeling tools to provide robust, granular estimates of service disruption and associated mortality.



Data availability statement

The data analyzed in this study is subject to the following licenses/restrictions: The data belongs to the Ministry of Helth of Mozambique. Data can be obtained upon request. Requests to access these datasets should be directed to QF, ferq09@gmail.com.



Author contributions

OA, QF, KS, and BW conceptualized the research question, the study design, and the analytic strategy. QF, SC, and IM procured and secured the data. OA and TR performed the analysis with substantial inputs from BW and KS. OA developed the first draft with inputs from KS, TR, and BW. All authors provided substantial input, reviewed, and approved the final version.



Funding

This research reported in this publication was supported by the Eunice Kennedy Shriver National Institute of Child Health and Development of the National Institutes of Health under award R01HDHD092449 and the Doris Duke Charitable Foundation's African Health Initiative. Neither funding entity had any role in the design of the study, collection, analysis, interpretation of the data, nor in writing the manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1075691/full#supplementary-material



Abbreviations

CHW, Community Health Workers; DINAGECA, National Directorate of Geography and Cadastre (Direcção Nacional de Geografia e Cadastro); DNSP, National Directorate of Public Health (Direcção Nacional de Saúde Pública); LiST, Lives Saved Tool; RHIS, Routine Health Information System; SISMA, Health Information System for Monitoring and Evaluation (Sistema de Informação em Saúde para Monitoria e Avaliação); WHO, World Health Organization.



References

 1. WHO Coronavirus (COVID-19) Dashboard. WHO Coronavirus (COVID-19) Dashboard With Vaccination Data (2021). Available online at: https://covid19.who.int/ (accessed July 7, 2021) 

 2. WHO. The True Death Toll of COVID-19: Estimating Global Excess Mortality (2021). Available online at: https://www.who.int/data/stories/the-true-death-toll-of-covid-19-estimating-global-excess-mortality (accessed October 12, 2021). 

 3. Roberton T, Carter ED, Chou VB, Stegmuller AR, Jackson BD, Tam Y, et al. Early estimates of the indirect effects of the COVID-19 pandemic on maternal and child mortality in low-income and middle-income countries: a modelling study. Lancet Glob Health. (2020) 8:e901–8. doi: 10.1016/S2214-109X(20)30229-1

 4. Instituto Nacional de Saude. Boletim Diario de COVID-19 N 477. Maputo (2021). 

 5. Inguane C, Zimba V. Influência das respostas intersinstitucionais coordenadas a emergências e desastres de saúde pública na resposta nacional à COVID-19 em Moçambique: estudo de caso. In: IESE, editor. Desafios para Moçambique. Maputo (2022). p. 105–26. 

 6. Manhiça I, Augusto O, Sherr K, Cowan J, Cuco RM, Agostinho S, et al. COVID-19-related healthcare impacts: an uncontrolled, segmented time-series analysis of tuberculosis diagnosis services in Mozambique, 2017–2020. BMJ Glob Health. (2022) 7:e007878. doi: 10.1136/bmjgh-2021-007878

 7. das Neves Martins Pires PH, Macaringue C, Abdirazak A, Mucufo JR, Mupueleque MA, Zakus D, et al. Covid-19 pandemic impact on maternal and child health services access in Nampula, Mozambique: a mixed methods research. BMC Health Serv Res. (2021) 21:860. doi: 10.1186/s12913-021-06878-3

 8. WHO. Everybody's Business: Strengthening Health Systems to Improve Health Outcomes: WHO's Framework for Action. Geneva (2007). p. 1–56. 

 9. Fitter DL, Delson DB, Guillaume FD, Schaad AW, Moffett DB, Poncelet JL, et al. Applying a new framework for public health systems recovery following emergencies and disasters: the example of Haiti following a major earthquake and cholera outbreak. Am J Trop Med Hyg. (2017) 97(4_Suppl.):4–11. doi: 10.4269/ajtmh.16-0862

 10. ACAPS. Mozambique Violent Insurgency in Cabo Delgado (2023). Available online at: https://www.acaps.org/country/mozambique/crisis/violent-insurgency-in-cabo-delgado (accessed February 16, 2023). 

 11. Darbyshire I, Timberlake J, Osborne J, Rokni S, Matimele H, Langa C, et al. The endemic plants of Mozambique: diversity and conservation status. PhytoKeys. (2019) 136:45–96. doi: 10.3897/phytokeys.136.39020

 12. Instituto Nacional de Estatística. Resultados definitivos do Censo de 2017 (2019). Available online at: http://www.ine.gov.mz/iv-rgph-2017/mocambique (accessed September 16, 2019). 

 13. United Nations Children's Fund. Estimates Developed by the United Nations Inter-Agency Group for Child Mortality Estimation. New York, NY (2023). 

 14. World Health Organization. Trends in Maternal Mortality 2000 to 2017: Estimates by WHO, UNICEF, UNFPA, World Bank Group and the United Nations Population Division. Geneva (2019). 

 15. The World Bank. Gross National Income (2019). Available online at: https://data.worldbank.org/country/mozambique?view=char (accessed February 25, 2020). 

 16. The United Nations Development Programme. Human Development Report 2015. New York, NY (2015). 

 17. Augusto O, Keyes EE, Madede T, Abacassamo F, de la Corte P, Chilundo B, et al. Progress in Mozambique: changes in the availability, use, and quality of emergency obstetric and newborn care between 2007 and 2012. PLoS ONE. (2018) 13:e0199883. doi: 10.1371/journal.pone.0199883

 18. Walker N, Tam Y, Friberg IK. Overview of the lives saved tool (LiST). BMC Public Health. (2013) 13(Suppl. 3):1–6. doi: 10.1186/1471-2458-13-S3-S1/METRICS

 19. Bürkner P-C. Advanced bayesian multilevel modeling with the R Package brms. R J. (2018) 10:395–411. 

 20. R Core Team. R: A Language and Environment for Statistical Computing. Vienna (2018). 

 21. MISAU INE. Inquérito de Indicadores de Imunização, Malária e HIV/SIDA em Moçambique (IMASIDA) 2015: Relatório de Indicadores Básicos. Maputo (2016). 

 22. Ministerio da Saude - MISAU/Moçambique, Instituto Nacional de Estatística - INE/Moçambique, ICF International. Moçambique Inquérito Demográfico e de Saúde 2011. Calverton, MD: MISA/Moçambique, INE/Moçambique and ICF International (2013). 

 23. Amouzou A, Maïga A, Faye CM, Chakwera S, Melesse DY, Mutua MK, et al. Health service utilisation during the COVID-19 pandemic in sub-Saharan Africa in 2020: a multicountry empirical assessment with a focus on maternal, newborn and child health services. BMJ Glob Health. (2022) 7. doi: 10.1136/bmjgh-2021-008069

 24. Ahmed T Roberton T Team Team Member of EHS Alfred JP Baye ML Diabate M . Indirect effects on maternal and child mortality from the COVID-19 pandemic: evidence from disruptions in healthcare utilization in 18 low- and middle-income countries. SSRN Electron J. (2021). doi: 10.2139/ssrn.3916767 

 25. Amouzou A, Mehra V, Carvajal-Aguirre L, Khan SM, Sitrin D, Vaz L. Measuring postnatal care contacts for mothers and newborns: An analysis of data from the MICS and DHS surveys. J Glob Health. (2017) 7:020502. doi: 10.7189/jogh.07.020502

 26. Bliznashka L, Ahun MN, Velthausz D, Donco R, Karuskina-Drivdale S, Pinto J, et al. Effects of COVID-19 on child health services utilization and delivery in rural Mozambique: a qualitative study. Health Policy Plan. (2022) 37:737–46. doi: 10.1093/heapol/czac009

 27. Walker PGT, Whittaker C, Watson OJ, Baguelin M, Winskill P, Hamlet A, et al. The impact of COVID-19 and strategies for mitigation and suppression in low- and middle-income countries. Science (1979). (2020) 369:413–22. doi: 10.1126/science.abc0035

 28. Negro-Calduch E, Azzopardi-Muscat N, Nitzan D, Pebody R, Jorgensen P, Novillo-Ortiz D. Health information systems in the COVID-19 pandemic: a short survey of experiences and lessons learned from the European Region. Front Public Health. (2021) 9:1438. doi: 10.3389/fpubh.2021.676838

 29. Basu P, Lucas E, Zhang L, Muwonge R, Murillo R, Nessa A. Leveraging vertical COVID-19 investments to improve monitoring of cancer screening programme – A case study from Bangladesh. Prev Med. (2021) 151:106624. doi: 10.1016/j.ypmed.2021.106624

 30. Wagenaar BH, Sherr K, Fernandes Q, Wagenaar AC. Using routine health information systems for well-designed health evaluations in low- and middle-income countries. Health Policy Plan. (2016) 31:129–35. doi: 10.1093/heapol/czv029

 31. Govender K, Cowden RG, Nyamaruze P, Armstrong RM, Hatane L. Beyond the disease: contextualized implications of the COVID-19 pandemic for children and young people living in Eastern and Southern Africa. Front Public Health. (2019) 8:504. doi: 10.3389/fpubh.2020.00504



OPS/images/fpubh-11-1075691-t004.jpg
Indicator 2020 First Quarter 2021 Overall

Observed Expected Difference Percentage Observed Expected Difference Difference Observed Expected Difference Percentage

loss (%)* (%)* loss (%)*
Antenatal care (first 1,752,157 1,787,674 —35,517 —-1.99 446,890 475,221 —28,331 —5.96 2,199,047 2,262,894 —63,847 —-2.82
visit)
Institutional delivery 1,169,966 1,223,790 —53,823 —4.40 298,712 312,064 —13,351 —4.28 1,468,679 1,535,853 —67,174 —437
Measles vaccination 1,164,151 1,254,650 —90,498 -721 268,441 301,688 —33,248 —11.02 1,432,592 1,556,338 —123,746 —7.95
DPTHS3 vaccination 1,164,712 1,274,312 —109,599 —8.60 224,389 309,538 —85,149 —27.51 1,389,102 1,583,850 —194,748 —12.30
Postnatal care visit 1,053,793 1,149,645 —95,852 —8.34 266,587 294,773 —28,186 —9.56 1,320,381 1,444,418 —124,037 —8.59
(within 48 h)
Postnatal care visit 159,760 160,383 —623 —0.39 38,513 43,899 —5,387 —1227 198,273 204,283 —6,010 —2.94
(within 3-7 days)
Treatment of malaria | 2,815,039 3,685,427 —870,389 —23.62 645,443 1,231,383 —585,940 —47.58 3,460,482 4,916,811 —1,456,329 —29.62
with Coartem
(children under 5)
First well-child visit 2,145,752 2,334,514 —188,763 —8.09 - 559,308 = = = 2,893,823 = =
Family planning (new| 2,229,723 3,240,669 —1,010,946 —3120 533,932 700,080 —166,148 2373 2,763,655 3,940,749 —1,177,094 —29.87
user)

The observed counts in the table are slightly different from the raw data, because here we computed first the average (per indicator) then multiplied by 159 (total number of districts) to account for districts with missing information.
The expected counts are estimates from the model for each parameter.
*The percentage loss is computed as 100 x (observed - expected)/expected.
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Indicator

Antenatal care 0.96 0.99 1.03 0.87 0.99 0.95 1.00 1.08 0.98 1.08 1.01 0.90 1.07 0.96 1.01
(first visit) (0.88-1.04) | (0.91-1.08) | (0.95-1.13) | (0.79-0.95) | (0.90-1.09) | (0.86-1.04) | (0.90-1.10) | (0.97-1.19) = (0.88-1.08) | (0.96-1.20)  (0.90-1.13) | (0.80-1.01) | (0.95-120) | (0.85-1.09) | (0.89-1.14)
Institutional 0.95 1.04 1.02 0.78 0.66 0.82 091 0.98 1.07 L11 1.07 1.05

delivery (0.73-122) | (0.79-1.34) | (0.77-134) | (0.58-1.03) | (0.49-0.90) | (0.59-1.11) | (0.66-125) | (0.70-137) | (0.75-150) | (0.77-1.58)  (0.73-1.54) | (0.71-1.54)

Measles 0.99 1.01 1.02 0.84 0.92 0.85 0.94 0.96 0.88 0.96 0.87 0.88 0.92 0.81 0.83
vaccination (0.90-1.09) | (0.91-1.11) | (0.92-1.13) | (0.75-0.93) | (0.82-1.02) | (0.76-0.95) | (0.83-1.05) & (0.85-1.08) | (0.77-0.99) | (0.84-1.08)  (0.77-1.00) | (0.77-1.00) | (0.80-1.05) | (0.70-0.93) | (0.72-0.96)
DPTH3 0.97 1.04 1.08 0.82 0.90 0.87 0.91 1.00 0.89 0.94 0.86 0.96 1.03 0.93 0.97
vaccination | (0.86-1.09) | (092-117) | (0.95-122) | (0.72-093) | (0.79-1.03) | (0.76-1.00) | (0.79-1.05) | (0.86-1.15) | (0.76-1.03) | (0.81-1.10) (0.73-1.01) | (0.81-113) & (0.87-121) | (0.78-111) | (081-1.15)
Postnatal care 0.92 (0.73-1.14 0.99 0.99 0.80 072 072 076 0.83 071 075 049 0.76 0.93 0.89 0.85
(48h) (0.78-1.24) | (0.77-126) | (0.62-1.02) | (0.55-0.92) | (0.55-0.94) | (0.57-0.99) | (0.62-1.10) = (0.53-0.94) | (0.55-1.01)  (0.36-0.67) | (0.55-1.04) | (0.66-1.28) | (0.63-1.24) | (0.60-1.20)
Postnatal care 0.99 0.99 1.00 0.92 0.97 0.94 0.95 0.94 0.95 0.96 0.96 0.95 1.04 1.01 1.01
(within 3-7 (092-1.05) | (0.92-1.06) | (0.93-1.08) | (0.85-0.99) | (0.90-1.05) | (0.87-1.02) | (0.87-1.04) | (0.86-1.03)  (0.87-1.05) | (0.87-1.06) (0.87-1.05) | (0.86-1.05) | (0.94-1.16) | (0.91-1.12) | (0.91-1.13)
days)

Treatment of 1.01 0.97 1.02 0.89 0.78 0.76 0.73 0.67 0.62 0.84 0.82 0.63 0.70 0.69 0.79
malaria with (0.72-1.39) | (0.68-1.34) | (0.70-1.46) | (0.60-1.29) | (0.52-1.17) | (0.49-1.15) | (0.47-1.12) = (0.42-1.04) | (0.38-0.99) | (0.51-1.36)  (0.49-1.35) | (0.37-1.07) | (0.37-1.33) | (0.38-1.25) | (0.44-1.38)
Coartem

(children

under 5)

First well-child 1.04 1.01 148 0.84 111 0.94 127 1.30 141 110 217 0.76

visit (0.62-1.71) | (0.58-1.74) | (0.80-2.76) | (0.47-1.48) | (0.60-2.06) | (0.49-1.83) | (0.64-2.55) | (0.65-2.62) | (0.67-2.96) | (0.54-2.22)  (1.02-4.53) | (0.35-1.65)

Family 0.92 0.99 0.99 0.80 0.72 0.72 0.76 0.83 0.71 0.75 0.49 0.76 0.85 0.89 0.93
planning (new | (0.73-1.14) | (0.78-1.24) | (0.77-1.26) | (0.62-1.02) | (0.55-0.92) | (0.55-0.94) | (0.57-0.99) | (0.62-1.10) | (0.53-0.94) | (0.55-1.01)  (0.36-0.67) | (0.55-1.04) | (0.60-1.20) | (0.63-1.24) | (0.66-1.28)

user)






OPS/images/fpubh-11-1075691-t002.jpg
Indicator Number of Missing (%) Minimum Maximum Mean Relative annual

observations growth (%)*
Antenatal care (first visit) 4,895 5(0.1) 6 5577 854 656 | 077 45
Institutional delivery 4,899 1(0.0) 5 3,336 571 429 | 075 54
Measles vaccination 4,895 5(0.1) 3 7,563 604 488 | 081 48
DPTHS3 vaccination 4,895 5(0.1) 4 8,549 604 479 | 079 6.1
Postnatal care visit (within 4,897 3(0.1) 5 2,248 507 375 | 074 82
48h)
Postnatal care visit (within 4,545 355(7.8) 1 1,138 87 107 | 123 -33
3-7 days)
Treatment of malaria with 1476 204 (13.8) 0 9,270 1322 | 1,347 | 102 -16
Coartem (children under 5)"
First well-child visit" 1,502 178 (11.9.6) 0 7,436 1286 | 1,790 | 139 —46
Family planning (new users)” 3219 1(0.0) 19 10,350 1,503 | 1,449 | 0.96 07

SD, standard deviation; CV, coefficient of variation (the ratio of the SD to the mean); DPTHS3, third dose of diphtheria, pertussis, tetanus, and haemophilus influenza vaccine.
*Estimated from a generalized linear model regression with family quasipoisson and log-link for descriptive purposes.

No data available on SISMA before January 2019.

TNo data available on SISMA before January 2018.
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Antenatal care (first visit) 7.92 (6.56-9.60) 1.02(1.01-1.03) 0.203 (0.178; 0.233) 0.045 (0.038; 0.053) 0.283 (0.165; 0.512)
Institutional delivery 5.42 (4.57-6.40) 1.03 (1.02-1.04) 0.245 (0.215; 0.280) 0.049 (0.042; 0.057) 0.244 (0.133; 0.435)
Measles vaccination 5.89 (5.09-6.81) 1.02 (1.00-1.03) 0.199 (0.172; 0.230) 0.053 (0.043; 0.064) 0.196 (0.104; 0.353)
DPTHS3 vaccination 5.87 (5.04-6.82) 1.02 (1.01-1.03) 0.180 (0.157; 0.207) 0.036 (0.028; 0.045) 0.216 (01215 0.381)
Postnatal care visit (within 4.64 (3.69-5.78) 1.05 (1.03-1.06) 0.299 (0.261; 0.342) 0.074 (0.064; 0.086) 0.334 (0.188; 0.587)
48h)
Postnatal care visit (within 0.83 (0.69-0.99) 0.88 (0.83-0.94) 0.641 (0.556; 0.736) 0.312(0.269; 0.363) 0.158 (0.007; 0.440)
3-7 days)
Treatment of malaria with 8.13 (2.83-25.37) 1.35 (1.21-1.49) 0.635 (0.539; 0.744) 0.277 (0.225; 0.335) 0.299 (0.069; 0.625)
Coartem (children under 5)'
First well-child visit' 18.82 (14.32-25.25) 089 (0.82-0.96) 0.545 (0.394; 0.689) 0.219 (0.152;0.288) 1.656 (1.019; 2.775)
Family planning (new user)? 14.87 (12.00-18.44) 1.04 (1.02-1.07) 0.369 (0.273; 0.468) 0.139 (0.096; 0.181) 0.398 (0.214; 0.715)

*Standard deviations of the random effects are on the log scale.

"Data available on SISMA since January 2019. First well-child visits are measured per 100,000 children under five.

IData available on SISMA since January 2018.

The intercept indicates the average rate (counts per 1,000 inhabitants) on January 2017. The time coefficient indicates the increasing factor per year (e.g, the antenatal care visits rate increases
1.02 times in a year). The sigmas are an indication of the source of variability for the intercept and slope.
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Total expected
deaths in 2020 with

Total estimated
deaths in 2020 with

Excess deaths in
2020 due to service

Relative increase in
mortality due to

no disruptions observed disruptions service disruptions
(counterfactual) disruptions
Child deaths (0-59 months of 88,853 100,190 11,337 12.8%
age)
Neonatal deaths (newborns < 50,311 56,016 5,705 11.3%
1 month of age)
Maternal deaths 5,084 5471 387 7.6%
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Cabo Delgado' 2,267,715 51.6 22.8 355 29.0 39.6 17
Gaza 1,388,039 54.8 24.7 28.1 184 31.6 14
Inhambane 1,454,804 54.3 245 264 211 28.8 14
Manica 1,851,931 52.1 23.5 36.0 29.6 44.0 12
Maputo City 1,080,277 51.7 29.0 20.8 3,107.1 245 1

Maputo Province 1,908,078 522 27.7 24.6 81.8 30.3 8

Nampula 5,483,382 51.5 22.8 38.6 69.9 382 23
Niassa 1,713,751 514 222 39.7 132 41.9 19
Sofala 2,196,845 517 239 335 323 40.7 13
Tete 2,551,826 512 229 35.6 253 38.0 15
Zambézia 5,002,457 52.1 231 38.6 484 433 23
Total 26,899,105 52.0 238 34.6 34.1 37.9 159

*Proportions over total population.

T Cabo Delgado was excluded from analysis due to insecurity and military conflict affecting the region.
Maputo City has seven municipal districts. Municipal districts are not equivalent to districts as in other provinces.
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