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Background 
In 2019, 18 infants out of 1,000 live births died in the neonatal period on a global level. 
The distribution of these deaths was uneven, with the highest neonatal mortality rates 
(NMR) in sub-Saharan Africa, attributing to as much as 28 deaths per 1,000 live births. 
One of the Sustainable Development Goals (SDGs) includes reducing NMR to at least 12 
per 1,000 live births by 2030. Several studies have emphasised the need for interventions 
to improve procedures and outcomes of childbirth to lower NMR. The NMR declined in 
Malawi from 41 in 2000 to 23 in 2016, but the pace of progress needs to be accelerated. 
The objective of this study was to describe the impact and outcomes of infrastructure 
improvement in neonatal care services, in a district hospital in Malawi. 

Methods 
The data was collected at Mangochi District Hospital in Malawi, where a new nursery 
opened in January 2019. The outcomes of the 624 newborns admitted in the old nursery 
and 1,742 newborns in the New nursery were compared. 

Results 
Birth asphyxia was the commonest diagnosis (40%), followed by sepsis (28%). Missing 
values attributed to 40-80% of registry records, and were significantly more common in 
the old nursery. Among the 1,721 (73%) newborns with information on birth weight and 
gestational age, 311 (18%) were born small for gestational age (SGA). Survival rates of 
admitted infants, including those born SGA, significantly improved in the new nursery 
compared to the old nursery (P<0.001). The severe shortage of staff caused increased 
workloads. 

Conclusions 
Neonatal survival improved with more space, better-trained staff and upgrade of 
equipment. Monitoring of admitted newborns and their clinical care and data 
management and storage was a significant problem, alongside staff shortage. These 
results show that a multi-dimensional approach towards NMR is required, taking roots in 
improvements of quality of care, appropriate space, equipment and continuous education, 
as well as the supervision for better clinical monitoring and registration of clinical 
progress and outcome. 

In 2019, 18 infants out of every 1,000 live births died 
in the neonatal period (the first 28 days of life) globally,1 

which accounts for almost half of all children who die before 
the age of five.2 The distribution of deaths was unequal, 
with neonatal mortality rates (NMR) being highest in sub-
Saharan Africa, 28 per 1,000 live births.1 Target 3.2 of the 
United Nations Sustainable Development Goals (SDGs) 
aims to reduce NMR to at least as low as 12 per 1,000 live 
births in 2030.3 Current trends suggest that over 60 coun-

tries will miss this target.2 This is especially worrying, since 
many neonatal deaths could be avoided with simple inter-
ventions focusing on the needs of women and newborn care 
around the time of birth.4 

Preterm birth and intrapartum complications contribute 
to neonatal deaths.5 The prevalence of preterm birth varies 
between countries and regions but globally estimated to be 
11%6; around 80% of total global number of preterm births 
are occurring in South Asia and sub-Saharan Africa (SSA). 
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Low birth weight (LBW, <2,500g regardless of gestational 
age) is the single most important cause of neonatal deaths,7 

and more than 80% of annual neonatal deaths can be asso-
ciated with LBW.5,8 It can be caused by both preterm birth 
and intrauterine growth retardation; in-door and out-door 
air pollution at the household level are considered to be 
significant contributor, particularly in SSA.9 Furthermore, 
slow foetal growth can lead to babies being born small for 
gestational age (SGA).10 The most common definition of 
SGA is birthweight below the 10th percentile for gestational 
age.11 

Most neonatal deaths associated with inadequate quality 
of care around the time of childbirth are preventable with 
proven, cost-effective interventions.2,12 At the turn of the 
century, 62% of all births worldwide occurred with a skilled 
birth attendant (SBA)13; in 2019, it was estimated that 81% 
of all deliveries were institutional births.14 Complete cov-
erage of SBAs and resuscitation equipment is, however, not 
enough; the quality of other types of care must be adequate 
as well. Studies have shown that due to a lower rate of de-
livery care in SSA and Asia, neonates do not always benefit 
from skilled birth attendance.15,16 

Although significant progress has been made in ensuring 
competent care during birth, NMR is still declining too 
slowly. Several studies have emphasised the need for inter-
ventions to enhance the quality of healthcare during child-
birth further to lower NMR17–19; recent assessment on the 
quality of care during birth in Kenya and Malawi indicated 
great opportunities for quality improvement, including in-
creased staffing, higher-volume facilities and promotion of 
respectful care.18 

During the Millennium Development Goals (MDGs) era, 
progress was made globally in lowering the mortality rate of 
children under five years of age (U5MR).4 Despite its mea-
gre economic resources, in 2010, Malawi was one of the few 
Countdown 2015 countries to consistently achieve yearly 
rates of reductions in U5MR of 4.5% or more.20 The country 
was one of the first in SSA to achieve the MDG to reduce the 
U5MR by at least two thirds (from 175 deaths per 1,000 chil-
dren in the year 2000 to 55 in the year 2015), and success-
ful in improving the NMRs from 41 in 2000 to 23 in 2016.21 

This success has, for example, been linked to improvements 
in quality of care around birth.22 However, to achieve the 
SDG Target 3.2, the pace of progress needs to accelerate,23 

including strengthened infra-structure and improved hos-
pital neonatal care. 

The study aimed to describe neonatal care in a low-in-
come setting, a district hospital in Malawi, in this exact 
case. In particular, the specific aim was to explore neonatal 
care services in the hospital before and after upgrading of 
infrastructure to answer the following question: To what 
extent can an improved infrastructure in the setting impact 
neonatal care provision? 

METHODS 
STUDY SETTING 

The study took place in the nursery department at Man-
gochi District Hospital (MDH), Malawi. The country has a 
population of just over 18.6 million,24 and 28 districts, one 

of them being Mangochi, a population of around 1.2 mil-
lion. Women of childbearing age are about 280,000, 23% of 
the people, and the expected annual number of deliveries 
is around 61,000.25 MDH is situated in the largest town of 
the Mangochi district, Mangochi Boma. The hospital pro-
vides primary level health care to a population of about 
300,000,26 while serving the entire district with secondary 
health care services. 

Since 1989, the Icelandic International Development 
Agency (ICEIDA) has collaborated with the Government of 
Malawi.27,28 Since 2012, the cooperation is directed to Man-
gochi District with a focus on public health, primary educa-
tion, adult literacy and water and sanitation.28,29 From the 
outset, the collaboration aimed to improve infrastructure 
and equipment for maternal and neonatal care in MDH and 
other selected health facilities in line with national guide-
lines, supported with appropriate staff training in the dis-
trict and ambulance services. On January 31, 2019, a new 
maternity wing at MDH was inaugurated as part of this 
collaboration, including a new nursery for neonatal care. 
Table 1 summarises the situation regarding space, staff, and 
equipment in the old nursery before the inauguration com-
pared to the new nursery. 

DATA COLLECTION 

QUANTITATIVE DATA 

In the period February 20, 2020, to March 11, 2020, one of 
the authors (IH) collected data in the nursery ward of MDH. 
Information was retrieved from the nursery registry book 
on all neonates who had been admitted in the period July 
1, 2018, to December 31, 2019. The variables extracted and 
used in the study included the place of admission (old or 
new nursery), place of birth, age of mother, gender, admis-
sion month and year, gestational age, birth weight, diagno-
sis, outcome and length of stay. 

The admission rates were compared using a binomial 
test. Means of monthly admissions were only compared for 
the same months in successive years 2018 and 2019 of the 
two nurseries: the old nursery and the new nursery, with a 
significance level of 0.05, to avoid effects of seasonal change 
in admission rates. Data were available on five joint months 
from the two nurseries, i.e., July, August, September, No-
vember and December. 

Gestational assessment national data from Malawi was 
used as a reference to analyse data on infants who were 
SGA. As the national reference data was split into two 
groups by the age of the mother,30(p12) the mean of the ref-
erence value of birth weight in the two maternal age groups 
was calculated for comparison due to lack of information on 
the age of the mother in our study. We assumed a normal 
distribution of the population and calculated the 10th per-
centile to categorise SGA infants. The chi-square test, with 
a significance level of 0.05, was used to assess the difference 
in survival of SGA infants. 

OBSERVATIONAL DATA 

During the field visit, February 20, 2020, to March 11, 2020, 
one of the authors (IH) was in continuous contact with 
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Table 1. Comparison between the old nursery and new nursery in terms of staff, space, and equipment, Mangochi 
District Hospital.* 

Old nursery New nursery 

Staffing There was no specific nurse allocated 
to the ward; reliance was mainly on a 
general postnatal nurse. 

Seven nurses allocated to the neonatal department, including one 
registered Nurse Midwife. 

No designated team of clinicians in the 
nursery, but sporadic rounds with 
COs. 

CO assigned to do ward rounds twice a day. During a night shift, the CO 
on duty was responsible for the delivery ward and the nursery. 

One nurse assigned to the day shift 
and another for the night. 

Four nurses are assigned for the day shift, and two cover the night shift. 

Non-trained staff in neonatal care 
used to take care of neonates. 

All staff attended basic neonatal care training. 

Space 2.5 by 3 metres room accommodating 
nine neonatal beds. No isolation. 

Extensive spaced facility with separate KMC (6-bed capacity), HDU 
(18-bed capacity), isolation department (4-bed capacity), and low-risk 
area (8 beds and six mattresses for mothers) 

No separation for admissions from 
home and from within the facility 
(labour ward) 

All the nursery units separate from each other and not shared with the 
labour ward. 

Equipment One CPAP machine, one radiant 
warmer; no resuscitation machine and 
inadequate essential resources. 

Three CPAP machines, three big oxygen concentrators, three radiant 
warmers and resuscitation machines with adequate nasal prongs. 

Relied on general system electricity, 
backup mostly unreliable 

Sustainable solar electricity backup 

*KMC=Kangaroo Mother Care; HDU=High-Dependency Unit; CPAP=Continuous Positive Airway Pressure; CO=Clinical Officer 

nursery staff. While observing ward routines and engaging 
in informal discussions on their work and provided services, 
open-ended semi-structured interviews were conducted 
with four staff members. 

ETHICS 

This study was granted permission by the Mangochi Health 
Research Committee, in Mangochi, on February 25, 2020, 
with one of the authors (BF) assigned as a supervisor for 
collaboration with MDH and the District Health Office dur-
ing the study period. 

STATISTICS 

Extracted data were compiled in Excel (Microsoft Inc, Seat-
tle WA, USA) and analysed using the statistical computing 
program R (R Foundation, Vienna, Austria) and JMP 14.3 
(SAS Institute, Cary, NC, United States). A t-test was used 
for comparison of length of stay between the two nurseries 
and the difference in the proportion of missing values be-
tween nurseries was assessed with a chi-square test. Com-
parsion of survival rates in the two nurseries was done in 
a nominal logistic regression model that takes missing val-
ues into consideration. Significance level was set at P<0.05 
and odds ratio (OR) calculated with 95% confidence inter-
vals (CI). 

RESULTS 
NURSERY REGISTRY BOOK 

From 1 July 2018, until 31 December 2019, there were 2,366 

Figure 1. Flow chart for admissions to the nursery in 
MDH from July 1, 2018, to December 31, 2019. 

SGA = small-for-gestational age 

admissions of newborns registered in the nursery registry 
book; there were no entries in October 2019. From 1 July 
2018 to 30 January 2019, there were 624 admissions; in the 
new nursery, from 31 January to 31 December 2019, there 
were 1,742 admissions. Figure 1 shows the information on 
admitted newborns that were included in the study. 

Information from registry books from the same months 
in successive years 2018 and 2019 in the two nurseries was 
used to compare the number of admissions between the old 
and the new nursery, that is July, August, September, No-
vember and December. Admissions more than doubled in 
the period; on average, there were 86.4 monthly admissions 
(median 87; range 41-124) in the old nursery compared 
to 177.4 (median 186; range 128-218) in the new nursery 
(P<0.001). 

Missing values in the registry frequently occurred for ad-
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Table 2. The proportion of missing values on selected neonatal variables in the MDH nursery. 

Variables 
Total 
N (%) 

Old nursery* 

n (%) 
New nursery† 

n (%) 
P-value 

Gestational age 481 (20.3%) 261 (41.8%) 220 (12.6%) <0.001 

Length of stay 963 (40.7%) 519 (83.2%) 444 (25.5%) <0.001 

Outcome 714 (30.2%) 379 (60.7%) 335 (19.2%) <0.001 

Birth weight 198 (8.4%) 80 (12.8%) 118 (6.8%) <0.001 

* Old nursery refers to the period July 1, 2018, until January 30, 2019. 
† New nursery refers to the period of January 31, 2019, until December 31, 2019. 

Table 3. Selected variables on newborns admitted in MDH in July 1, 2018, to December 31, 2019. 

Old nursery* 

(n=624) 
New nursery† 

(n=1,742) 
Overall 

(n=2,366) 
P value 

Place of birth 

438 (70%) 1394 (80%) 1832 (77%) <0.001 

31 (5%) 49 (3%) 80 (3%) 

111 (18%) 176 (10%) 287 (12%) 

23 (4%) 26 (2%) 49 (2%) 

Gestational age (weeks) 

36.0 (3.23) 36.5 (2.65) 36.4 (2.78) 0.004 

Length of stay (days) 

2.61 (3.26) 3.59 (3.23) 3.52 (3.24) 0.003 

Outcome 

115 (18%) 1035 (59%) 1150 (49%) <0.001 

6 (1%) 29 (2%) 35 (2%) 

17 (3%) 127 (7%) 144 (6%) 

107 (17%) 216 (12%) 323 (14%) 

* Old nursery refers to the period July 1, 2018, until January 30, 2019. 
† New nursery refers to the period of January 31, 2019, until December 31, 2019. 

MDH 

In transit to MDH 

Referral from other facilities 

Home/Traditional Birth Attendant 

Mean (SD) 

Mean (SD) 

Discharged alive 

Referred to a tertiary hospital 

Absconded 

Death 

mitted newborns during the study period (Table 2). Missing 
values for all the selected variables were significantly higher 
in the old nursery than the new one. Overall, outcome val-
ues were not available for 716 neonates out of the 2,366 
(30%) in the study group. Information on selected variables 
is shown in Table 3. Excluding missing values in the reg-
istry, infants in the new nursery were more likely to have 
been born at the MDH compared to those in the old nursery; 
in total, 85% of infants in the new nursery were delivered in 
MDH compared to 73% in the old nursery (P=0.004). The av-
erage length of stay also increased significantly in the new 
nursery, from about 2.6 (median 1.0) to 3.6 days (median 
3.0, P<0.001). 

ADMISSION DIAGNOSES 

Diagnosis at admission was missing for 158 (7%) out of 
2,366 infants in the registry book (Figure 2); some neonates 
got more than one diagnosis. Birth asphyxia was the most 
common admission diagnosis or in about 40% of the admit-

ted neonates; a diagnosis of sepsis increased by 50% in the 
new nursery compared to the old one while the category of 
unknown decreased by one third. 

PRETERM AND SMALL FOR GESTATIONAL AGE INFANTS 

When assessing the number of babies born SGA, 645 (27%) 
infants were excluded (Figure 1). In Figure 3, the blue rib-
bon around the mean green slope indicates the 10th to 90th 

percentile of birthweight by gestational age, and dots under 
the 10th percentile are babies born SGA. Of the 1,721 (73%) 
infants with information on birth weight and gestational 
age, 311 (18%) were born SGA. 

SURVIVAL RATES 

When comparing survival rates in the two nurseries, all 
2,366 admissions were included in a nominal logistic re-
gression model. Infants admitted to the new nursery were 
4.27 times (95% CI=3.20-5.72) more likely to survive com-
pared to those admitted to the old nursery (P<0.0001). 
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When survival rate by gestational age was assessed, in 
total, 1,853 neonates born between week 25 and 41 were in-
cluded (Figure 1). Survival rates improved with higher ges-
tational age, and about nine out of ten term infants (≥37 
weeks) survived (Figure 4) given that all infants with miss-
ing information on outcome had survived. 

In total, 74% of all SGAs in the old nursery survived 
compared to 84% in the new one; in a nominal logistic 
regression model, infants born SGA were 5.46 times (95% 
CI=3.67-8.11) more likely to survive in the new nursery 
compared to the old one (P<0.0001). 

WORKING CONDITIONS 

Conversations with staff with variable work experience in-
dicated several important issues for them to improve the 
services. The most significant was the shortage of staff that 
contributed to increased workload and more shift work. 
Lack of equipment was a persistent problem (e.g., incuba-
tors and equipment for preterm babies) with regular stock-
out of supplies (e.g., equipment for measurement of glucose 
and bilirubin, orogastric tubes, vitamin K and 50% dex-
trose). The new facilities were appreciated and had given 
opportunities for specialisation within the ward, better 
monitoring of each newborn, and had contributed as well to 
better management of data. 

DISCUSSION 

This study describes the context of newborn care in a dis-
trict hospital in a low-income SSA setting and analyses the 
flow and outcome of newborn babies in two neonatal nurs-
ery wards, i.e., one in old premises, the other in a recently 
inaugurated facility. The results indicate that improved in-
frastructure following the construction of a new maternity 
wing in MDH, including better space for the care of 
neonates, more and trained staff and appropriate equip-
ment, may have contributed to improved survival of 
neonates (Table 1). Further, the expanded infrastructure 
facilitated the implementation of processes known to im-
prove the quality and outcome of neonatal care, e.g., KMC 
(Kangaroo Mother Care) and isolation units and better 
equipment such as CPAP (Continuous Positive Airway Pres-
sure), radiant warmers and resuscitation machines with the 
backup of solar energy. 

Following the inauguration of a new maternity wing at 
the MDH, admissions have more than doubled, and a higher 
percentage of newborns were born there compared to the 
period before the construction. This increase might indicate 
that more women were attracted to seek SBA in the new 
facilities at MDH. In addition, the proportion of sepsis di-
agnosis at admission increased by 50% in the new nursery 
compared to the old one (Figure 2) which might indicate 
better attention of staff to symptoms of neonatal infection 
with access to isolation facility in the new nursery. Globally, 
the prevalence of SBA has been increasing,14 with global 
rates estimated at 81% compared to half of the deliveries 
in Africa,15 but studies have highlighted the importance of 
SBAs to lower neonatal mortality.16,31 

Although the proportion of SBA is rising in MDH, our re-
sults indicate its full benefits are not reaching the mother 

Figure 2. Diagnosis of newborn infants at admission 
to MDH nursery during July 1, 2018, to December 31, 
2019 (n=2,366). 

RDS = Respiratory distress syndrome 

Figure 3. Birthweight of neonates by gestational 
weeks admitted in the MDH nursery during the 
period July 1, 2018, to December 31, 2019 (n=1,721). 

Blue ribbon indicates the 10th to 90th percentile of birthweight by gestational 
age. 

Figure 4. Survival of admitted neonates by 
gestational age. Mangochi District Hospital, July 1, 
2018, to December 31, 2019 (n=1,853). 

No. of births in each gestational age period is shown in brackets. 

and child due to poor implementation of evidence-based 
interventions. A study from 2017 on health facilities in 
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Malawi demonstrated that newborns in the Southern re-
gion, including Mangochi, were not receiving the same 
quality of care as in the Northern region, the critical prob-
lem being lack of staff training.32 Health care providers 
highlighted that new nursery facilities with specialisation 
might have enhanced the monitoring of newborn babies in 
the ward, while there was still room for improvement. 

DATA MANAGEMENT AND STORAGE 

One crucial result this study has enunciated is the lack of 
registration and data storage (Table 2). This is in line with 
the results of an assessment of data from the Health Man-
agement Information System (HMIS) in Malawi that 
demonstrated that missing information is a severe threat to 
the Malawian HMIS.33 However, missing values were pro-
portionally fewer in the new nursery than the old one (Table 
2), indicating improvement of data management and high-
lighted by staff. Still, no computerised data on the services 
in the MDH nursery were available in the HMIS during the 
study period. To achieve SDG Target 3.2, data collection and 
storage on neonatal care must improve. Mismanagement of 
data is a widespread problem; a study conducted in Monkey 
Bay, one of five health areas in Mangochi District, identified 
similar difficulties regarding overall data management and 
storage.28 To support quality improvement in the setting, it 
is vital to have good baseline data to guide policy and assess 
which cost-effective interventions are best suited to tackle 
neonatal mortality in different settings, similar to initia-
tives elsewhere.34 

STRENGTHS AND LIMITATIONS 

One of the strengths of this study is that it addressed dif-
ferent aspects of the services provided at the MDH nursery 
with a clear division of data analysed before and after the 
inauguration of new labour ward and nursery facilities and 
offers viewpoints from health care providers. Thus, the re-
sults contribute to improving neonatal care in the MDH and 
giving a baseline to monitor progress in the district and 
Malawi to get on track with the SDGs that aim to lower the 
NMR worldwide. 

The main limitation of this study is the multitude of 
missing values (Table 2). Nearly as many neonates were re-
ported dead and as those discharged at the old nursery. 
Therefore, the data may indicate that the staff registered 
every death, while discharge information was deemed less 
important to record in the registry book. These assumptions 
derogate the findings of an improvement in the survival 
rate in the new nursery compared to the old one and may 
have introduced bias into the results. Yet, by application of 
nominal logistic regression model that took missing values 
into consideration, there was statistically significant differ-
ence in survival rates for admitted infants to the new nurs-
ery compared to the old one, also for infants born SGA. 
Nonetheless, the multitude of missing values is a limitation 
to our study and an important result by itself. Our results 
are in line with previous studies in the setting,28,33 and call 
for dedicated efforts to improve registration at admission, 
during the hospital stay, and at the time of discharge. An-
other limitation of the study is the focus on only one out of 

three commonly used indicators, defined initially by Don-
abedian, to evaluate the quality of healthcare, i.e., infra-
structure (ward, staff and equipment).35 Further research is 
needed to assess clinical processes, e.g., specific interven-
tions in the care of neonates, to identify those that most ef-
fectively and efficiently improve outcome in the care of sick 
neonates in the setting. 

CONCLUSIONS 

Changes in the neonatal care in MDH following the opening 
of a new nursey has increased the number of admissions; 
the newborns stay significantly longer in the ward, and their 
survival rate has improved. The study indicates that more 
mothers and newborns are being reached, an essential indi-
cator of access to delivery with SBA and neonatal services 
when needed. However, the health workforce gap is a severe 
obstacle to further improving neonatal services, in line with 
the SDGs, coupled with more qualified staff and continuous 
staff training. High-impact, cost-effective interventions 
have to reach every mother and their newborn child and op-
timal use of available resources must be ensured through 
a continuum of care and improved monitoring of outcome. 
Neonates born at risk in poverty-stricken settings need lo-
cal and global attention – and action – if the SDG Target 3.2 
is to be achieved by 2030. 
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