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Abstract 

Background The emergence of COVID‑19 precipitated containment policies (e.g., lockdowns, school closures, etc.). 
These policies disrupted healthcare, potentially eroding gains for Sustainable Development Goals including for neo‑
natal mortality. Our analysis aimed to evaluate indirect effects of COVID‑19 containment policies on neonatal 
admissions and mortality in 67 neonatal units across Kenya, Malawi, Nigeria, and Tanzania between January 2019 
and December 2021.

Methods The Oxford Stringency Index was applied to quantify COVID‑19 policy stringency over time for Kenya, 
Malawi, Nigeria, and Tanzania. Stringency increased markedly between March and April 2020 for these four countries 
(although less so in Tanzania), therefore defining the point of interruption. We used March as the primary interruption 
month, with April for sensitivity analysis. Additional sensitivity analysis excluded data for March and April 2020, mod‑
elled the index as a continuous exposure, and examined models for each country. To evaluate changes in neonatal 
admissions and mortality based on this interruption period, a mixed effects segmented regression was applied. The 
unit of analysis was the neonatal unit (n = 67), with a total of 266,741 neonatal admissions (January 2019 to December 
2021).

Results Admission to neonatal units decreased by 15% overall from February to March 2020, with half of the 67 
neonatal units showing a decline in admissions. Of the 34 neonatal units with a decline in admissions, 19 (28%) had 
a significant decrease of ≥ 20%. The month‑to‑month decrease in admissions was approximately 2% on average 
from March 2020 to December 2021. Despite the decline in admissions, we found no significant changes in overall 
inpatient neonatal mortality. The three sensitivity analyses provided consistent findings.
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Conclusion COVID‑19 containment measures had an impact on neonatal admissions, but no significant change 
in overall inpatient neonatal mortality was detected. Additional qualitative research in these facilities has explored 
possible reasons. Strengthening healthcare systems to endure unexpected events, such as pandemics, is critical 
in continuing progress towards achieving Sustainable Development Goals, including reducing neonatal deaths 
to less than 12 per 1000 live births by 2030.

Keywords Newborn, Low‑ and middle‑income countries, Inpatient care, COVID, Interrupted time series, Neonatal 
mortality

Key findings

1. What was known?
• The COVID-19 pandemic disrupted provision, 

and utilisation of health services. However, few 
publications have reported primary data from 
multi-country settings evaluating neonatal care 
and outcomes associated with this disruption.

2. What was done that is new?

• Data from 67 neonatal units constituting 266,741 
admission records from January 2019 to Decem-
ber 2021 across Malawi, Kenya, Nigeria, and 
Tanzania were analysed to evaluate changes in 
neonatal admissions, case mix and mortality.

• The Oxford Stringency Index was used to quan-
tify policy shifts across the four countries to 
determine interruption time point for an Inter-
rupted Time Series analysis. A mixed effects seg-
mented regression was applied.

3. What was found?

• Implementation of policies appeared more strin-
gent from April 2020. Overall admissions into 
the NEST360 neonatal units were reduced by 
15%, with an average monthly reduction across 
all the facilities of about 2% after March 2020.

• Half of the units showed either significant (n = 19) 
or borderline (n = 15) step reductions. Further, a 
quarter of the units showed a significant month-
to-month decline in admissions by at least 2%.

• There was no measurable change detected in 
pooled mortality, although some facilities reported 
decreases and increases in neonatal mortality.

4. What next?

• Currently, 63 countries are off track to achieve the 
Sustainable Development Goal 3.2 of reducing 
neonatal deaths to 12 per 1000 live births by 2030. 
These efforts may be further derailed by unex-
pected disruptions to healthcare systems.

• To mitigate future risks, it is essential to enhance 
the capacity of health systems to respond quickly 
and effectively to pandemics, making them more 
resilient to shocks.

Background
Progress has been made in improving child health and 
survival over the past two decades, with global under-five 
child mortality reduced by more than half, between 1990 
and 2021 [1]. Yet there were an estimated 2.3 million 
neonatal deaths globally in 2021 [2], representing 47% of 
under-five deaths, with slower progress made in reduc-
ing mortality during the neonatal period (28  days after 
birth). Reducing neonatal mortality, especially amongst 
vulnerable newborns [3], is imperative to achieving the 
Sustainable Development Goal (SDG) target 3.2 for every 
country to reduce preventable newborn deaths to at least 
12 per 1,000 live births and under-five child deaths to at 
least 25 per 1,000 live births by 2030 [4].

The COVID-19 pandemic resulted in major public health 
shifts in all countries, causing millions of deaths worldwide 
[5]. Governments imposed containment measures such as 
isolation of infected persons, quarantines, and lockdowns. 
These measures disrupted provision and utilisation of health 
services [6, 7], indirectly affecting outpatient and emergency 
care, especially for the most vulnerable [8].

Newborns and mothers are particularly vulnerable 
users of any health system [9]. Disruptions of the health 
system can negatively impact health outcomes for moth-
ers and their newborns, especially those born premature, 
too small or those who become sick [8]. To achieve SDG 
target 3.2 of neonatal mortality target of < 12 deaths per 
1000 live births, high-quality small and sick newborn 
care (SSNC) is critical [10].

The Newborn Essential Solutions and Technologies 
(NEST360) Alliance was formed to support African gov-
ernments in their commitment to reducing inpatient 
neonatal deaths through implementation of a sustainable 
health system strengthening package including innova-
tive devices, training, data systems, and quality improve-
ment with mentorship. The NEST360 Alliance aims to 
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improve the quality of SSNC in 67 facilities across four 
countries: Kenya, Malawi, Nigeria, and Tanzania.

Whilst disruptions associated with the COVID-19 pan-
demic have been shown to indirectly affect many aspects 
of healthcare [8], there is little published multi-country, 
primary data on the impact of COVID-19 disruption on 
neonatal admissions and mortality. Some published stud-
ies were based on modelling, or surveys, and those with 
primary data have also shown varied findings [8, 11–15]. 
This paper is part of a supplement reporting learnings 
with the NEST360 Alliance.

Objectives
Our aim was to evaluate the indirect impact of COVID-
19 containment measures on inpatient neonatal admis-
sion and mortality. Specifically, we:

1. Compared stringency of COVID-19 policies in four 
countries implementing with the NEST360 Alliance 
(Kenya, Malawi, Nigeria, and Tanzania).

2. Quantified the indirect impact of COVID-19 on neo-
natal admissions, case-mix, and inpatient neonatal 
mortality in 67 neonatal units implementing with 
NEST360 between January 2019 and December 2021.

Methods
Study setting
The 67 facilities affiliated with NEST360 comprised of 
69 neonatal units, as some facilities in Nigeria had geo-
graphically separated inborn and outborn units. Two 
units in Malawi did not have neonatal inpatient data and 
were therefore excluded, resulting in 67 neonatal units 
as the final total for analysis. Based on the World Health 
Organization (WHO) level of newborn care [16, 17] and 
country classifications, of the 67 neonatal units, 33 are 
District level (31 in Malawi), 24 are Secondary (10 in 
Kenya), and 10 are Tertiary (5 in Nigeria). We examined 
data for the period January 2019 to December 2021.

Study design
We applied an Interrupted Time Series (ITS) design to 
assess the effect of COVID-19 containment measures on 
neonatal admissions and mortality. ITS evaluates change 
by two metrics – "step" and "slope" change parameters 
[18]. Estimation of step and slope change requires prior 
definition in ITS design. We used the Oxford Stringency 
Index, which defines the level of stringency of policies 
in various countries and was computed by the Blavatnik 
School of Government (University of Oxford) [19].

Admission and mortality data
Newborn admission and mortality data were obtained 
from the Neonatal Inpatient Dataset (NID). The NEST360 

Alliance, with four country governments, co-developed 
the NID intended to enable and track scale-up of high-
quality WHO level-2 SSNC with respiratory support in 
hospitals [20]. The NID consists of 60 core variables organ-
ised into six modules: (1) birth details/maternal history; 
(2) admission details/identifiers; (3) clinical complications/
observations; (4) interventions/investigations; (5) dis-
charge outcomes; and (6) diagnosis/cause-of-death.

In the neonatal units, the data collection takes place 
post-discharge of the neonates and is carried out by 
trained data officers. They adhere to well-defined stand-
ard operating procedures established by the research 
team. The patient file, serving as the formal documen-
tation of the clinical condition and management, plays 
a crucial role in this process. The file contains admis-
sion information, treatment sheets, discharge summary 
forms, laboratory reports, and general clinical notes. In 
neonatal units where Electronic Health Records (EHRs) 
are implemented, we have established a linkage between 
the NID and the EHRs. This integration facilitates seam-
less data abstraction, contributing to enhanced data qual-
ity and efficiency in the overall process.

We developed and utilised a novel approach to account 
for underreporting of data for the smallest babies in neo-
natal admissions and mortality. Number of admissions 
and deaths for newborns with either low birthweight 
(i.e., < 2500g) or gestational age (i.e., < 28 weeks) tend to 
be underreported in both low- and high-income settings, 
and especially in routine data systems [21–24]. Some fac-
tors influencing underreporting include: (i) health worker 
misunderstanding of registration guidance (e.g., apply-
ing stillbirth registration threshold of 1000g to neonatal 
deaths) [25]; (ii) physician perception of viability of the 
smallest babies, especially considering increased sur-
vival of micro-preemies globally [26], and (iii) negative 
implications associated with reporting (e.g., penalisation 
of hospitals with higher mortality rates, effort required 
for more data collection, etc.). The potential impact of 
COVID-19 disruption is likely to be underestimated if 
underreporting is not accounted for in the analysis.

The NID was examined for evidence of underreporting 
for the lowest birthweight categories, using distributions 
of admissions by birthweight category and the corre-
sponding birthweight-specific mortality (BWSM) curves, 
also considering time trends. We identified evidence of 
underreporting, based on implausible birthweight spe-
cific mortality curves especially of neonates < 1000g 
birthweight. A criterion of Neonatal Mortality Rate 
(NMR) ≥ 700 deaths per 1000 live births for neonates 
weighing < 1000g was used. This cut-off was considered 
conservative since mortality in this group without full 
intensive care was reported to be at least 800 per 1000 
live births [24, 27]. Hence using selected neonatal units 
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meeting the criteria for more plausible birthweight-spe-
cific mortality for < 1000g, we developed standardised 
curves. These curves were then applied to the rest of the 
dataset to adjust for the undercounting of both deaths 
and admissions by facility (Additional File 1).

Statistical analyses
The neonatal unit was the unit of analysis, and time 
was defined as calendar months. For the ITS design, we 
defined a step change as the average modelled change 
observed between the month when COVID-19 policy 
stringency increased (i.e., March 2020) as the point of 
interruption compared to the preceding month (i.e., Feb-
ruary 2020). We defined a slope change as the modelled 
average month-to-month changes observed in the time-
series data before the interruption period (January 2019 
to February 2020) compared to after the interruption 
period (i.e., April 2020 to December 2021). Data from 
January 2019–February 2020 (pre-interruption) was clas-
sified as "pre-COVID," and from April 2020–December 
2021 as "during COVID". Our ITS impact model evalu-
ated and quantified both immediate step change and 
month-to-month effects as slope change [18].

The analysis examined overall and unit-level effects, 
which were estimated using segmented mixed-effects 
regression in the Frequentist framework, with the pri-
mary point of interruption being March 2020. The mod-
els for admissions and NMRs data were of the following 
general form (with differences reflected in the distribu-
tions and link functions applied):

where:

• yij is the adjusted number of either admissions or 
neonatal mortality rate at ith month for the jth neona-
tal unit.

• β0j denotes pre-interruption intercept for the jth neo-
natal unit.

• β1j denotes pre-interruption slope for the jth neonatal 
unit.

• β2j denotes the step change for the jth neonatal unit 
after interruption.

• β3j denotes slope change for the jth neonatal unit after 
interruption.

• µ00 denotes pre-interruption average intercept
• µ01 denotes pre-interruption average slope.

(1)
yij = β0j + β1jTimeij + β2jPhaseij + β3jTime afterij + βX + ⌉ij

(2)

β0j = µ00 + r0j
β1j = µ10 + r1j
β2j = µ20 + r2j
β3j = µ30 + r3j

• µ02 denotes average step change
• µ03 denotes average slope change
• r0j , r1j , r2j and r3j are neonatal unit-specific random 

effects for pre-interruption intercept, pre-interrup-
tion slope, step change after interruption, and slope 
change after interruption, respectively.

• β denotes a matrix of corresponding parameters for 
fixed effects including country and non-linear func-
tions of time modelled using harmonic terms [28].

To account for overdispersion, we modelled the monthly 
number of admissions at the neonatal unit level using a 
negative binomial distribution with a log link function [29]. 
NMRs were expressed as proportions and modelled using 
a beta distribution with a logit link function to restrict 
adjusted and fitted values to plausible ranges between 0 
and 1 [30]. For all models, we smoothed trends using three 
monthly moving averages. The likelihood ratio test was 
used to evaluate the importance of including harmonic 
terms in mean structures and equal tailed uncertainty 
intervals for random effects were computed using Wald 
z-distribution approximation. Further, the analysis com-
pared the performance of unstructured and autoregressive 
variance covariance structures based on how each opti-
mised the likelihood function (Additional File 1 – eTable 1).

Four sensitivity analyses were conducted to assess the 
robustness of the ITS modelling of admissions and mor-
tality. First, April 2020 was examined as an interruption 
time point and segmented mixed effects models re-fitted. 
Second, data for March and April 2020 were excluded to 
evaluate their impact on the modelling results, followed 
by re-fitting of the models using the remaining data. 
Third, the Oxford Stringency Index was treated as a con-
tinuous exposure, with changes in admissions and mor-
tality modelled using an interaction term between the 
index and time in months. Lastly, the analysis was strati-
fied and segmented regression models fitted to the data 
for each country.

An exploratory sub-group analysis was performed to 
investigate any changes in admission by primary diag-
nosis and referral patterns (i.e., whether neonates were 
born within the hospital or referred). This subgroup 
analysis was performed using pooled data and did not 
include fitting models to assess the statistical significance 
of changes in primary diagnosis and referral patterns. All 
the analyses were conducted in R version 4.3.2 [31].

Results
A total of 266,741 newborn records from 67 neonatal 
units were available from January 2019 to December 2021. 
Most admissions were in Malawi (N = 36, n = 126,578 
(47.5%)), followed by Kenya (N = 13, n = 73,608 (28%)), 
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Tanzania (N = 7, n = 53,558 (20%)), and Nigeria (N = 11, 
n = 12,997 (5%)) (Table 1).

Interruption time‑point(s) based on the Oxford stringency 
index
Oxford Stringency Index scores were summarised 
for each of the four countries implementing with 
NEST360. Variations were observed among coun-
tries and over time, with policies appearing stricter in 
Kenya, Malawi, and Nigeria and less so in Tanzania. 
Implementation of policies started in March 2020, 
becoming more stringent by April 2020 (Fig.  1). Data 

from January 2019–March 2020 accounted for 43% 
(n = 113,887) of neonatal records (Table 1).

Changes in admission and NMR patterns using March 2020 
as interruption time‑point
Additional File 1 – eFigures  4a and 4b show good fit for 
March 2020 interruption models (and for April 2020 inter-
ruption), which is demonstrated using data for selected 
neonatal units from each of the four countries. Fitted 
admission and mortality trends for all neonatal units using 
the March 2020 interruption models are presented in 
Additional File 1 – eFigures 5a and b. Similar trends were 

Table 1 NEST360 neonatal inpatient data by country (up to December 2021)

Two facilities in Malawi are new and, therefore, do not currently have any data. Nigeria has seven facilities with four of them split into separate inborn and outborn 
neonatal units. All analyses have been undertaken with the neonatal unit as the unit of analysis; therefore, analysis is based on 67 neonatal units

Country Number of facilities Number of neonatal units with 
baseline data

Total Admission 
records

January 2019 – March 
2020
(Pre‑COVID)

April 2020 
– Dec 2021
(During 
COVID)

Malawi 38 36 126,578 53,206 73,372

Kenya 13 13 73,608 31,850 41,758

Tanzania 7 7 53,558 22,991 30,567

Nigeria 7 11 12,997 5840 7157

Total 65 67 266,741 113,887 152,854

Fig. 1 The Oxford Stringency Index summarised by month and the four NEST360 countries
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obtained using the April 2020 interruption models and are 
presented in Additional File 1 – eFigures 6a and b.

Changes in admission trends
In March 2020, there was a significant 15% (Rate 
Ratio = 0.85; 95% Confidence Interval (CI): 0.78–0.93) 
decline in overall number of admissions to all neonatal 
units compared to February 2020 (Table  2). Half of the 
neonatal units (N = 34/67) reflected this decrease, with 
19 of them experiencing a significant reduction by ≥ 20%. 
The remaining 15 demonstrated borderline effects 
(Fig. 2a). In each country, among the 34 neonatal units, 
5 of 7 units in Tanzania, 8 of 13 units in Kenya, 3 of 11 
units in Nigeria, and 18 of 36 units in Malawi showed 
either significant or borderline step reductions in admis-
sions between February and March 2020.

From March 2020 onwards, the overall month-to-
month (slope) decrease in admissions remained at 
approximately 2% (Rate Ratio = 0.98; 95% CI: 0.97–0.99) 
(Table  2). Of the 67 neonatal units, 15 (12 of 36 units 
in Malawi, 2 of 7 units in Tanzania and 1 of 13 units in 
Kenya) showed a significant month-to-month decrease 
in admissions by ≥ 2%. In contrast, four neonatal units 
(2 of 36 units in Malawi, 1 of 7 units in Tanzania, and 1 
of 13 units in Kenya) had a significant month-to-month 
increase in admissions by ≥ 3%. No measurable month-
to-month changes were observed in neonatal units in 
Nigeria (Fig.  2b). Similar overall and neonatal unit step 
and slope changes were observed for the April 2020 
interruption models (see Additional File 1 – eFigure  7). 
Additionally, the analysis that excluded data for March 

Table 2 Model estimates for March and April 2020 interruption

The segmented models adjusted for country as a fixed effect variable as well as Fourier terms to account for non-linearity in the trends

NMR neonatal mortality rate, CI confidence interval

March 2020 Interruption April 2020 Interruption March–April Washout

Admissions NMR Admissions NMR Admissions NMR

Rate Ratio
[95% CI]

Odds Ratio
[95% CI]

Rate Ratio
[95% CI]

Odds Ratio
[95% CI]

Rate Ratio
[95% CI]

Odds Ratio
[95% CI]

Step change 0.85 [ 0.78 – 0.93] 0.95 [ 0.89 – 1.03] 0.82 [0.75 – 0.89] 0.98 [0.91 – 1.06] 0.79 [0.74 – 0.83) 1.00 [0.64 – 1.58]

Slope change 0.98 [ 0.97 – 0.99] 1.00 [ 0.99 – 1.01] 0.98 [0.97 – 1.00] 1.00 [ 0.99 – 1.01] 0.98 [0.97 – 0.99] 1.00 [1.00 – 1.06]

Fig. 2 Facility level admission and NMR step and slope change estimates for March 2020 interruption time‑point with 95% CI for NMR. 
Abbreviations: NMR; neonatal mortality rate, CI; confidence interval
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and April 2020 also showed approximately similar find-
ings (Table 2).

Changes in neonatal mortality trends
No measurable change in overall neonatal mortality 
was observed between February and March 2020 (Odds 
Ratio = 0.95; 95% CI: 0.89–1.03) (Table 2). However, spe-
cific neonatal units experienced significant step changes 
in neonatal mortality. Of the 67 neonatal units, 6 had a 
significant step increase (5 of 36 units in Malawi and 1 of 
11 units in Nigeria) in neonatal mortality by ≥ 30%, while 
6 units (3 of 36 units in Malawi, 1 of 7 units in Tanzania, 
and 2 of 11 units in Nigeria) had a step decrease by ≥ 25% 
(Fig. 2c).

Further analysis of month-to-month changes across 
all units showed no slope change in neonatal mortality 
(Odds Ratio = 1.00; 95% CI: 0.99–1.01) (Table  2). A sig-
nificant month-to-month increase in neonatal mortality 
by ≥ 5% was observed in 13 units (9 of 36 units in Malawi 
and 4 of 11 units in Nigeria). In contrast, 7 of 36 neonatal 
units in Malawi reported a significant month-to-month 
decrease in NMR by ≥ 4% (Fig. 2d).

Changes in neonatal admission case mix
When analysing trends of neonates admitted with spe-
cific conditions, there were minimal changes in trends 
for neonates primarily admitted due to congenital mal-
formations, intrapartum-related illnesses, and jaun-
dice. Neonates admitted for prematurity showed a slight 
increase over time (from ~ 25% in January 2019 to ~ 30% 
in December 2021), while those admitted for infections 
showed a decrease, particularly between April (~ 25%) 
and August 2020 (~ 12%) (Additional File 1 – Fig.  9a). 
From March 2020 onwards, there was a decrease in the 
number of neonates born both within and outside the 
facilities. The decline was slightly more pronounced for 
neonates born within the facilities compared to those 
born outside (Additional File 1 – Fig. 9b).

Analysis using Oxford Stringency Index as a continuous 
exposure
The interaction term between time in months and the 
Oxford Stringency Index showed an overall significant 
reduction in admission numbers over time. However, 
a similar analysis did not show any significant change in 
overall mortality (Additional File 1 – eTable 2). See the fit-
ted trends for admissions and NMR in Additional File 1 
– Figs. 8a and b.

Stratified analysis for each country with March 
as an interruption time‑point
In the country-specific models, 29 out of 67 neo-
natal units showed either borderline or significant 

reductions in admission numbers compared to 34 out 
of 67 we obtained in the pooled analysis for all countries 
(see Additional File 1 – eTable 3 and 4). The difference of 
seven units were mostly in Malawi (six of the seven units) 
and one in Tanzania. The six neonatal units in Malawi are 
small; hence, the differences could potentially be attrib-
uted to reduced sample sizes.

Discussion
This study used a large dataset of 266,741 neonatal 
admissions to examine indirect effects of COVID-19 
containment measures on admissions and mortality 
trends in 67 neonatal units implementing with NEST360 
in Kenya, Malawi, Nigeria, and Tanzania. We used the 
Oxford Stringency Index to define the month of inter-
ruption and found a 15% decline in neonatal admissions 
overall between February and March 2020 and an aver-
age month-to-month reduction in admissions by 2% 
between March 2020 and December 2021. Despite the 
decline in admissions, we found no significant changes 
in overall neonatal mortality (Odds Ratio = 0.95; 95% 
CI: 0.89–1.03). However, results varied across individual 
neonatal units, i.e., between February and March 2020, 
six neonatal units showed a significant increase in neo-
natal mortality by ≥ 30%, whereas six neonatal units 
showed a decrease by ≥ 25%. Similarly, between March 
2020 and December 2021, a significant month-to-month 
increase (≥ 5%) in neonatal mortality was observed in 13 
units compared to seven units that reported a significant 
decrease.

Our analysis showed a substantial effect on neona-
tal admissions, aligning with findings from other stud-
ies evaluating neonatal admissions during the pandemic 
[8, 11, 32]. These results are unsurprising as COVID-19 
containment measures caused disruption of health ser-
vice delivery and demand across various levels of health-
care, including prenatal, maternal, and paediatric care 
[33]. COVID-19 reported effects on neonatal mortality 
have been mixed. For example, some studies found no 
significant mortality change, whereas others reported 
increases [8, 11–15, 34]. Specifically, studies in Zimba-
bwe, Malawi, Ireland and Botswana found no impact of 
COVID-19 on neonatal mortality [12, 13, 34], whereas a 
study conducted in Nepal reported a significant increase 
in institutional neonatal mortality, from 13 to 40 deaths 
per 1000 live births, noting that this was on labour ward 
[11]. A study in Turkey found little change [25], while two 
studies in Uganda reported a relative increase in neona-
tal mortality by 25–30% [8, 14]. Studies which reported 
increased mortality during COVID-19 might be related 
to reprioritisation of health resources, delayed presenta-
tion to the facilities, late diagnosis, and partial immunisa-
tion coverage, among other reasons [8, 14].
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Based on this quantitative analysis, the NEST360 Alli-
ance conducted a separate qualitative study in these neo-
natal units to better understand barriers and protective 
factors, as well as learn from pivots during the COVID-
19 pandemic [35]. This qualitative study suggested sev-
eral ways that SSNC was protected during the pandemic. 
One theme that emerged was around COVID-specific 
opportunities from the pandemic including more focus 
on infection control measures to prevent the spread of 
COVID-19, which may also have helped reduce other 
infections in the units. Another protective mechanism 
was utilising technology like telemedicine to facilitate 
patient-provider communication and monitor patient 
health. Additionally, access to oxygen and routine main-
tenance of medical devices received new investment. This 
qualitative study also provided valuable insights into the 
gaps for SSNC, which is still new on the global health 
agenda, and the need for increased investment in infra-
structure and workers to enable more resilience to future 
shocks.

Our ITS study has strengths and limitations. One obvi-
ous strength is the large dataset of more than a quarter of 
a million records from 67 neonatal care units across four 
countries, being the largest primary neonatal analyses 
published to date on the indirect impact of COVID-19. 
The rigour of the analyses included robust ITS modelling 
with three different sensitivity analyses approaches, still 
resulting in consistent findings. Limitations include reli-
ance on the Oxford Stringency Index which was based 
on national policy and contingency measures that were 
put in place in response to COVID-19 and may not be 
reflective of what actually happened in practice. Addi-
tionally, we were not able to consistently account for 
sub-national variation in implementation of COVID-19 
containment measures, which would be particularly rel-
evant in large, decentralised countries such as Nigeria. 
The use of routine facility-reported data may miss admis-
sions and deaths, especially of the smallest neonates, and 
even though we attempted to adjust for underreporting, 
it is difficult to judge how representative the adjusted 
estimates are from the “truth” in the absence of a gold 
standard. The NEST360 Alliance is working with these 
facilities and the government to improve neonatal data 
quality in routine national systems.

Conclusion
We found an overall decrease in neonatal admissions 
associated with COVID-19 containment measures, 
but without measurable change in newborn mortal-
ity across 67 neonatal units. There is a need to protect 
all care, including newborn care, by  allocating suffi-
cient resources [36]. Healthcare systems need practical 

approaches to resilience, including policies that can 
adapt to rapidly changing circumstances [37, 38]. The 
linked qualitative research found remarkable examples 
of local leadership by healthcare providers, govern-
ment, and partners. Importantly many stakeholders 
need to be more aware of the vulnerability of newborns 
and their families at times of crises and use their voices 
and resources to protect them [39].
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