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support system improve adherence to
neonatal healthcare protocols in a low-
resource setting?
Hannah Brown Amoakoh1,2* , Kerstin Klipstein-Grobusch1,3, Irene Akua Agyepong4, Mary Amoakoh-Coleman5,
Gbenga A. Kayode1,6, J. B. Reitsma1, Diederick E. Grobbee1 and Evelyn K. Ansah7

Abstract

Background: This study assessed health workers’ adherence to neonatal health protocols before and during the
implementation of a mobile health (mHealth) clinical decision-making support system (mCDMSS) that sought to
bridge access to neonatal health protocol gap in a low-resource setting.

Methods: We performed a cross-sectional document review within two purposively selected clusters (one poorly-
resourced and one well-resourced), from each arm of a cluster-randomized trial at two different time points: before
and during the trial. The total trial consisted of 16 clusters randomized into 8 intervention and 8 control clusters to
assess the impact of an mCDMSS on neonatal mortality in Ghana. We evaluated health workers’ adherence (expressed
as percentages) to birth asphyxia, neonatal jaundice and cord sepsis protocols by reviewing medical records of
neonatal in-patients using a checklist. Differences in adherence to neonatal health protocols within and between the
study arms were assessed using Wilcoxon rank-sum and permutation tests for each morbidity type. In addition, we
tracked concurrent neonatal health improvement activities in the clusters during the 18-month intervention period.

Results: In the intervention arm, mean adherence was 35.2% (SD = 5.8%) and 43.6% (SD = 27.5%) for asphyxia; 25.0%
(SD = 14.8%) and 39.3% (SD = 27.7%) for jaundice; 52.0% (SD = 11.0%) and 75.0% (SD = 21.2%) for cord sepsis protocols
in the pre-intervention and intervention periods respectively. In the control arm, mean adherence was 52.9% (SD =
16.4%) and 74.5% (SD = 14.7%) for asphyxia; 45.1% (SD = 12.8%) and 64.6% (SD = 8.2%) for jaundice; 53.8% (SD = 16.0%)
and 60.8% (SD = 11.7%) for cord sepsis protocols in the pre-intervention and intervention periods respectively. We
observed nonsignificant improvement in protocol adherence in the intervention clusters but significant improvement
in protocol adherence in the control clusters. There were 2 concurrent neonatal health improvement activities in the
intervention clusters and over 12 in the control clusters during the intervention period.
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Conclusion: Whether mHealth interventions can improve adherence to neonatal health protocols in low-resource
settings cannot be ascertained by this study. Neonatal health improvement activities are however likely to improve
protocol adherence. Future mHealth evaluations of protocol adherence must account for other concurrent
interventions in study contexts.

Keywords: Health care delivery, Neonatal health, Ghana, mHealth, Developing countries, Jaundice, Asphyxia, Sepsis

Background
The Sustainable Development Goals aim to reduce the
current high global neonatal mortality from 18 per 1000
to at least 12 per 1000 live births by 2030 [1]. Concerted
effort is being harnessed through many international, na-
tional, district and community collaborations to make
this a reality particularly in low-resource settings like
sub-Saharan Africa and Southern Asia which contribute
most to the global burden of neonatal mortality [2, 3].
Infections, birth asphyxia and prematurity contribute to
the majority of neonatal deaths in low-resource settings
(90%) [4]. Although morbidity and mortality from these
conditions are largely preventable, the scarcity of health
resources (facilities, personnel, basic equipment and
medicines, training programmes, protocols etc.), allow
these preventable deaths to thrive in the health systems
of poorly resourced countries.

Mobile health
(mhealth) is a potential tool to improve the efficiency of
health workers and the health system as a whole in low-
resource settings [5]. Many mHealth interventions have
been applied in areas of vaccination, management of tu-
berculosis and HIV, monitoring of antenatal health ser-
vices for pregnant women in low-resource settings and
have been documented to have variable but largely good
success [6–9]. In the field of clinical decision-making
support (CDMS), few mHealth interventions have been
implemented in low-resource settings [9–16], and even
fewer studies report adherence to protocols or algo-
rithms specified by these electronic CDMS systems.
Ghana is a lower middle-income country that reports

high neonatal mortality rates of 25 per 1000 live births
[17]. Non-adherence to standard clinical protocols has
been identified as a cause of Ghana’s high neonatal mor-
tality [18, 19]. Previous studies have shown the absence
of standard health protocols (the Safe Motherhood
Protocol) for about 44% of health workers at the point
of service delivery [20]. To bridge this protocol access
gap, the Ghana Health Service (GHS) in collaboration
with her Dutch partners designed and implemented an
mHealth clinical decision-making support system
(mCDMSS) aiming to improve clinical decision-making
and ultimately neonatal health outcomes that was tested

in a cluster randomized controlled trial (CRCT) in the
Eastern Region of Ghana [21].

Description of the intervention
The mobile clinical decision making support interven-
tion (THE INTERVENTION for short for the rest of this
paper) consisted of 4 components - phone calls (voice),
text messaging (SMS), access to the internet (data) and
access to an unstructured supplementary service data
(USSD) that provided emergency protocols in response
to selection from a short code drop-down menu. The
messages on the USSD were created by a design team of
frontline health workers, family physicians, obstetricians
and paediatricians in the Greater Accra Region, drawing
on Ghana’s Safe Motherhood Protocols [22]. All four
components of the intervention were part of a single
composite intervention delivered on a non-smart mobile
phone. Researchers considered access to the USSD the
main intervention component. Health workers were ex-
pected to use the phones primarily to access neonatal
and maternal health emergency protocols via the USSD
and obtain additional support from colleagues and the
internet via the other intervention components. Each
project mobile phone had a unique Subscriber Identifi-
cation Module (SIM) card. All the SIM cards were net-
worked in a Closed User Group (CUG) that allowed free
and unlimited access to the USSD. Access to the inter-
vention was, however, limited to the project SIM cards
to avoid contamination. Health workers were trained on
how to use the intervention firstly at a group gathering
in each intervention district capital before the start of
the CRCT and then at least once during monitoring
visits in their individual health facilities during interven-
tion implementation. Monthly reminders were also sent
to health workers about the availability of the USSD
platform for their use.

Study objectives
Our objectives in this study were to assess the quality of
neonatal healthcare in the Eastern Region of Ghana, by
examining the change in health worker adherence to
neonatal health protocols in both study arms of the
CRCT from a pre-intervention period to an intervention
implementation period, and to investigate differences in
adherence within and between the study arms during
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these time frames. We also assessed whether and which
concurrent neonatal health improvement activities (not
related to the intervention) occurred during the trial
period. This study will provide insights to explain the
observed effect of the intervention on neonatal mor-
tality. For brevity, we limited this study to the neo-
natal component of the CRCT. Adherence to
maternal health protocols during the CRCT will be
published separately.

Methods
Study design & setting
We designed a longitudinal study and performed a
cross-sectional document review within two clusters se-
lected from each arm of a cluster randomized trial at
two different time points: before and during the trial.
The trial aimed to assess the impact of an mCDMSS on
neonatal mortality in the third most populous region in
Ghana- the Eastern Region [23]. The trial was regis-
tered at clinicaltrials.gov (trial identifier number
NCT02468310) and the Pan African Clinical Trials
Registry (trial identification number PACT
R20151200109073).
The Eastern Region has a neonatal mortality rate of 30

per 1000 live births and ranks fourth highest in terms of
neonatal mortality in Ghana [24]. The region was di-
vided into twenty-one (21) geographic local administra-
tive units called districts at the time of the study. The
CRCT was implemented over 18-months (August 2015
to January 2017) in 16 of these districts randomized into
8 intervention and 8 control clusters. Each of the 16 dis-
tricts formed one cluster of the CRCT. The CRCT has
been previously described elsewhere [25].

Sampling of clusters
For logistic reasons, one well-resourced and one poorly-
resourced cluster were purposively selected from each
CRCT arm making two clusters per arm. The selection
criteria were based on the number and mix of health fa-
cilities (hospitals, community health planning and ser-
vices compounds (CHPS), health centres (HCs) and
maternity homes) in the district and the midwife to the
number of deliveries (per annum) ratio in a district (ref-
erence year was 2014). Following cluster selection, dis-
trict hospitals were sampled because initial assessment
showed that almost all cases of neonatal morbidity of
interest in this study were managed in the district
hospitals.

Recruitment of study participants
All cases of in-patient neonatal morbidities of birth as-
phyxia, jaundice and cord sepsis that were managed in
the district hospitals 9 months before the intervention
started and, 9 months to the end of the intervention

implementation period were studied to assess health
worker adherence to protocols regarding morbidities.
These morbidities were selected as the most common
causes of neonatal morbidity in the study setting [26].

Data collection
Baseline data regarding the number and category of
health workers providing neonatal health services in
each cluster was collected using a checklist. We ex-
tracted data concerning the number of deliveries per
study cluster during the two-time frames of interest
from the district health information management system
2 (DHIMS2). The DHIMS2 is a data recording, collec-
tion, collation and analysis tool that hosts the entire na-
tional institutional health data of Ghana [21].
We utilized a scoring system based on existing health

protocols as done in previous studies [27–29]. In each
hospital, the head of the maternity or paediatric unit and
the health information manager were contacted to iden-
tify the medical records (registers and books) that are
routinely used in the hospitals to document in-patient
neonatal data. A list of all in-patient cases of birth as-
phyxia, jaundice and cord sepsis was then populated
from the ‘in-patient admissions and discharge register’
which documents all admitted cases in a hospital. A
document review of the management of these cases was
done using a checklist to assess health worker adherence
to neonatal protocols. This checklist was based on Gha-
na’s Safe Motherhood Protocol for management of neo-
natal morbidities. During data extraction, protocol items
were assessed under the following themes where applic-
able for each morbidity type: i. Diagnosis (e.g., ‘Diagnosis
documented’), ii. Signs and symptoms of disease (e.g.,
‘Colour of baby’, ‘Cord assessed for odour, pus and wet-
ness’), iii. Investigation (e.g., ‘Serum bilirubin checked’)
iv. Treatment given (e.g., ‘Airway of baby cleared
through suction’, ‘Phototherapy given, or sunbath ad-
vised’, ‘Antibiotics given’). Assessment of adherence was
only done for items that are considered mandatory in
the management of each morbidity type (Tables 2, 3, 4).
Additional file 1 details the type of facility records uti-
lized in the data collection process.
Data concerning other concurrent neonatal health im-

provement interventions such as trainings and work-
shops that took place in the study districts during the
18-month intervention period was collected using a
checklist. The district public health nurse in each cluster
and the in-service trainers of the four hospitals assisted
in extracting the relevant data from their facility record
books.

Data analysis
The data were checked for errors, cleaned and analyzed
at health facility level. We calculated the number of
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deliveries per midwife and doctor to estimate the deliv-
ery related workload in the study clusters. Descriptive
analysis of neonatal data was performed. Items for each
morbidity protocol was scored as ‘adhered to’ and
assigned a score of 1 if there was written documentation
of adherence to the item in any of the medical records.
A protocol item was scored ‘not adhered to’ and
assigned a score of zero (0) only when there was no writ-
ten documentation of adherence in all the medical re-
cords. When the records of a neonate could not be
traced because a register or book for a neonate was not
found, protocol items were scored as ‘don’t know’ and
assigned a score of zero (0). Additional file 1 details the
‘don’t know’ responses which totalled 2.9% of the entire
data collected. For each item, the proportion of neonatal
cases for whom guidelines were adhered to, was esti-
mated. The mean and median adherence to protocols
per morbidity type were calculated. Total adherence to
specified neonatal morbidity protocol was estimated as
the sum of scores per theme, presented as a percentage
and rated (i.e. adherence status) high, moderate or low if
total adherence was 90–100%, 89–60 and < 60% respect-
ively [30]. The difference in total adherence to neonatal
protocols within and between the study arms during the
time frame of interest was assessed using Wilcoxon
rank-sum and permutation tests to determine the signifi-
cance of these differences due to the small sample size.
All analysis were done separately for the two time
frames of interest (i.e., 9 months pre and 9months to
the end of the intervention) using two-tailed tests at α =
0.05 in Stata 13 [31].
We analysed the number, and described other activ-

ities aimed at improvement in neonatal health outcomes
that were undertaken in both the intervention and con-
trol clusters during the intervention period.

Results
One district hospital in each of the four clusters partici-
pated in this study. Three of the hospitals were public
owned and one was operated by a religious body. There
were 2290 deliveries in the intervention arm hospitals
and 4440 deliveries in the control arm hospitals in the
pre-intervention period. During the intervention period,
the number of deliveries stayed about the same in the
intervention arm, whereas the number of deliveries in-
creased by 20% in the control arm (Table 1). The num-
ber of deliveries per midwife was 76 and 109 in the
intervention and control arm respectively during the
pre-intervention period. During the intervention period,
the number of deliveries per midwife was 66 and 115 in
the intervention and control arm respectively. Cluster C
recorded the highest delivery related workload during
the pre and intervention periods. Table 1 details the

characteristics, human resource availability and delivery
related workload of the study clusters.

Adherence to asphyxia protocols
The prevalence of asphyxia was 3.5 and 15.1 per 1000
deliveries in the intervention and control arm respect-
ively during the pre-intervention period. The 10th and
90th percentile for adherence per theme varied from 0%
to 100% in the intervention arm and 33.3% to 100%, in
the control arm in this time frame (see Table 2). In the
intervention arm, the mean score for total adherence to
asphyxia protocols was 35.2% (SD = 5.8%) and in the
control arm, it was 52.9% (SD = 16.4%).
During the intervention period, the prevalence of as-

phyxia was 6 and 9.4 per 1000 deliveries in the interven-
tion and control clusters respectively. The range of
values for the 10th and 90th percentile for adherence
per theme remained the same during the intervention
period. The mean total adherence was 43.6% (SD =
27.5%) in the intervention arm, and in the control arm,
it was 74.5% (SD = 14.7%).
Adherence status to asphyxia protocols was moderate

to low in the pre-intervention period and high to low in
the intervention period (Fig. 1). Overall, there was im-
provement in total adherence to asphyxia protocols in
both study arms (23.9% and 40.8% in the intervention
and control clusters respectively). However, improve-
ment in the intervention arm (Fig. 2) was not significant
(p = 0.92) while improvement in the control arm was
significant (p < 0.001). Between the study arms, the con-
trol arm sites were more adherent to asphyxia protocols
compared to the intervention arm before and during the
trial period (p = 0.002 and p < 0.001 respectively).

Adherence to jaundice protocols
There were 2.6 and 6.5 cases of jaundice per 1000 deliv-
eries in the intervention and control arms respectively
during the pre-intervention period. Jaundiced neonates
were on average 7.2 days old (SD = 7.3 days). The 10th
and 90th percentile for adherence per theme for jaun-
dice protocol varied from 0% to 100% in both study
arms (Table 3). The mean total adherence to jaundice
protocols was 25.0% (SD = 14.8%) in the intervention
arm, and in the control arm it was 45.1% (SD = 12.8%).
The cause of jaundice was not identified in 65.7% of
cases; in 30.4% of cases, glucose-6-phosphate-dehydro-
genase deficiency (G6PD deficiency) was the cause of
jaundice and gastroenteritis in one case. Four jaundiced
neonates (two in each arm) received no counselling for
sunbathing, neither were they put in a phototherapy
unit. Two of four neonates in the control arm whose
caretakers were advised to give their babies sunbath
were not followed up as per protocol. Most jaundiced
neonates (33 (91.4%)) received antibiotic as part of their
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Table 1 Distribution of health personnel and delivery related workload in study clusters

Period Cluster Resource
ranking

Operating
authority

Number of
doctors

Number of
obstetricians

Number of
paediatricians

Number of
midwives

Number of
deliveries

(n) (n) (n) (n)

Pre-
trial

Intervention
arm

A High
-resource

Government 4 0 0 21 1636

B Low-
resource

Religious 1 0 0 9 654

Control arm

C High
-resource

Government 7 0 0 29 3569

D Low-
resource

Government 2 0 0 10 671

Trial Intervention
arm

A High
-resource

Government 5 0 0 23 1759

B Low-
resource

Religious 2 1 0 15 735

Control arm

C High
-resource

Government 5 0 0 34 4657

D Low-
resource

Government 3 0 0 13 768

Period Cluster Resource
ranking

Deliveries per
midwife

Deliveries per
doctor

aWorkload Proportion of pre and post intervention deliveries

Pre-
trial

Intervention
arm

A High
-resource

78 409 Moderate 0.25

B Low-
resource

73 654 Moderate 0.22

Control arm

C High
-resource

123 510 High 0.55

D Low-
resource

67 336 Moderate 0.10

Trial Intervention
arm

A High
-resource

76 352 High 0.22

B Low-
resource

49 368 low 0.09

Control arm

C High
-resource

137 931 High 0.59

D Low-
resource

59 256 Moderate 0.10

aEstimated by the number of deliveries per midwife; Low < 50, Moderate 50–90, High > 90. The workload in each cluster is higher than the internationally
recognized value of 29.5 per midwife. The categorization of workload used here is based solely on comparison between the estimated workload among the
study clusters
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Table 2 Total adherence score and proportion of asphyxia protocol items adhered to before and during intervention
implementation

Protocol item aPre-trial period (N = 75) bTrial period (N = 66)

Intervention
n (%)

Control
n (%)

Intervention
n (%)

Control
n (%)

Diagnosis

Diagnosis documented 8 (100.0) 66 (98.5) 14 (93.3) 51 (100.0)

Signs and symptoms

Description of difficulty in breathing 0 (0.0) 14 (20.9) 7 (46.7) 16 (32.0)

Heart rate neonate recorded 0 (0.0) 5 (7.5) 4 (26.7) 48 (94.1)

Tachycardia 0 (0.0) 11 (16.4) 4 (26.7) 48 (94.1)

Respiratory rate 0 (0.0) 45 (67.2) 5 (33.3) 48 (94.1)

Colour of baby 0 (0.0) 25 (37.3) 5 (33.3) 45 (88.2)

APGAR scores written 8 (100.0) 63 (94.0) 14 (93.3) 48 (94.1)

Liquor assessed for meconium staining 2 (25.0) 21 (31.3) 4 (26.7) 8 (15.7)

Treatment

Airway of neonate cleared through suction 1 (12.5) 42 (62.7) 4 (26.7) 14 (27.5)

Warmth provided (using incubator or wrapping) 7 (87.5) 43 (64.2) 2 (13.3) 43 (84.3)

Oxygen given / Bag and mask resuscitation 5 (62.5) 55 (82.1) 9 (60.0) 49 (96.1)

Total adherence score

1 – – 1 (6.7) –

2 – 3 (4.5) 3 (20.0) 1 (2.0)

3 2 (25.0) 6 (9.0) 3 (20.0) 2 (3.9)

4 5 (62.5) 7 (10.5) 1 (6.7) –

5 1 (12.5) 10 (14.9) 3 (20.0) –

6 – 14 (20.9) – –

7 – 13 (19.4) – 3 (5.9)

8 – 13 (19.4) – 23 (45.1)

9 – 1 (1.5) 3 (20.0) 15 (29.4)

10 – – 1 (6.7) 7 (13.73)
aThere were 2290 and 4440 deliveries in the intervention and control arm respectively in the pre-trial period
bThere were 2494 and 5425 deliveries in the intervention and control arm respectively in the trial period

Fig. 1 Adherence status per morbidity type before and during the intervention period
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treatment although there was only one documented case
of infection (gastroenteritis).
The number of jaundiced neonates decreased to 1.6

per 1000 deliveries in the intervention arm and in-
creased to 9.2 per 1000 deliveries in the control arm
during the intervention period. These jaundiced neo-
nates were on average 5.1 days (SD = 4.5 days) old at the
time of the diagnosis. The 10th and 90th percentile for
adherence per theme for jaundice protocol varied from
0% to 100% in intervention arm and 14.3% to 100% in
the control arm. In the intervention arm, the mean score
for total adherence to jaundice protocols was 39.3%
(SD = 27.7%); in the control arm it was 64.6% (SD =
8.2%). In 45 (83.3%) of all cases of jaundice, the cause of
the jaundice was classified ‘unknown’. One case of
physiological jaundice and one case of pathological jaun-
dice were identified in the intervention arm, while one
case of cord sepsis and one case of physiological jaun-
dice were identified in the control arm; for the rest of
the cases, the cause of the jaundice was not stated in any
of the records found in the health facilities. There was
no documentation of treatment (using phototherapy or
by sun-bathing) of three neonates in the intervention
clusters. In the control clusters, all jaundiced neonates
received either of the aforementioned treatment options.
All sunbathed neonates were followed up during the
intervention period. All jaundiced neonates received an-
tibiotics as part of their treatment although only one
case of infection (cord sepsis) was identified as a cause
of jaundice.
Overall, adherence status was low to moderate during

the pre-intervention and intervention periods (Fig. 1).
The 57.2% improvement in adherence to jaundice proto-
cols observed in the intervention clusters (Fig. 2) was
not significant (p-value = 0.38) while improvement ob-
served in the control clusters (43.2%) was significant (p-
value < 0.001). Comparing the two study arms, control
clusters scored higher in adherence to jaundice protocols
before and during the intervention period (p-value =
0.005 and 0.088 respectively).

Adherence to cord sepsis protocols
The prevalence of cord sepsis was 2.2 and 1.8 per 1000
deliveries in the intervention and control arms in the
pre-intervention period. The average age of these neo-
nates was 5.4 days (SD = 3.8 days). The 10th and 90th
percentile for adherence per theme for cord sepsis
protocol varied from 16.7% to 100% in both study arms
(Table 4). Altogether, the mean total adherence to cord
sepsis protocols in the intervention arm was 52.0% (SD =
11.0%) and, 53.8% (SD = 16.0%) in the control clusters.
There were 0.8 and 2.2 cases of cord sepsis per 1000

deliveries during intervention implementation. The aver-
age age of these neonates was 5.9 days (SD = 4.9 days).
Altogether, the mean total adherence to cord sepsis pro-
tocols in the intervention arm was 75.0% (SD = 21.2%)
whereas, in the control arm, it was 60.8% (SD = 11.7%).
The 10th and 90th percentile for adherence per theme
for cord sepsis protocol varied from 50% to 100% in the
intervention arm and 33.3% to 100% in the control arm.
Adherence status was low to moderate during the pre-

intervention and intervention periods (Fig. 1). Improve-
ment in adherence to protocols was observed in both
study arms (44.2% and 13% in intervention and control
arms respectively) (Fig. 2). However, these improve-
ments were not significant (p = 0.24 and p = 0.21 for
intervention and control arms respectively). Between the
study arms, adherence to cord sepsis protocols were not
significantly different (p = 0.89 and p = 0.44 for interven-
tion and control arms respectively).

Concurrent neonatal health activities in clusters
In the intervention clusters, there were two training pro-
grammes that were aimed at improving neonatal health
outcomes during the intervention period while in the
control clusters, training programmes aimed at improv-
ing neonatal health numbered more than 12 (Table 5).
Eight of these trainings (two in the intervention clusters
and six in the control clusters) were intensive exercises
aimed at improving new-born resuscitation and lasted
six (6) to seven (7) days. These intensive training

Fig. 2 Distribution and change in total adherence to asphyxia, jaundice and cord sepsis protocols among study clusters
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programmes were organized by a non-governmental
agency. The rest of the training programmes in the con-
trol clusters usually lasted for one (1) day.

Discussion
Adherence to asphyxia protocols
We observed fairly good adherence to asphyxia diagnosis
protocol in this study. However, adherence to ‘signs and
symptoms’ protocols was sub-optimal in both study
clusters particularly in the pre-intervention period. Sev-
eral of the ‘signs and symptoms’ assessments culminates

in the APGAR score of neonates [32]. Not assessing
these signs and symptoms can lead to inaccurate APGA
R scores and inappropriate treatment of neonates who
require resuscitation. Surprisingly, the APGAR scores
were usually documented, thus one could argue that
these signs and symptoms assessments were done but
not documented because the natural focus is to treat the
patient and not record [33], however, video recording of
neonatal resuscitation has shown otherwise [33–35]. In
the intervention clusters, adherence to treatment proto-
cols worsened during the intervention period. Lack of

Table 3 Total adherence score and proportion of jaundice protocol items adhered to before and during intervention
implementation

Protocol item aPre-trial period (N = 35) bTrial period (N = 54)

Intervention
n (%)

Control
n (%)

Intervention
n (%)

Control
n (%)

Diagnosis

Diagnosis documented 6 (100.0) 29 (100.0) 4 (100.0) 50 (100.0)

Signs and symptoms

Duration of jaundice stated 0 (0.0) 8 (27.6) 3 (75.0) 46 (92.0)

Temperature checked 3 (50.0) 14 (14.3) 2 (50.0) 11 (22.0)

Assessed for vomiting 1 (25.0) 5 (17.2) 2 (50.0) 1 (2.0)

Assessed for episode(s) of convulsion 1 (25.0) 0 (0.0) 2 (50.0) 0 (0.0)

Assessed for poor feeding 3 (60.0) 3 (10.3) 2 (50.0) 21 (42.0)

Assessed for excessive crying 1 (25.0) 2 (6.9) 1 (25.0) 28 (56.0)

Assessed for hypotonia 0 (0.0) 0 (0.0) 0 (0.0) 2 (4.0)

Investigation

Full blood count done 2 (33.3) 26 (89.7) 2 (50.0) 49 (98.0)

Blood grouping checked 0 (0.0) 22 (75.9) 1 (25.0) 49 (98.0)

Serum bilirubin checked 0 (0.0) 21 (72.4) 1 (25.0) 49 (98.0)

Samples for blood cultures taken 0 (0.0) 8 (27.6) 1 (25.0) 47 (94.0)

Samples for G6PD deficiency screen taken 0 (0.0) 18 (62.1) 0 (0.0) 49 (98.0)

Treatment

Phototherapy given or sunbath advised 4 (66.7) 27 (93.1) 1 (25.0) 50 (100.0)

Total adherence score

1 1 (16.7) – – –

2 1 (16.7) 1 (3.5) 1 (25.0) –

3 1 (16.7) 2 (6.9) – –

4 2 (33.3) 1 (3.5) 1 (25.0) 1 (2.0)

5 4 (13.8) 1 (25.0) –

6 7 (24.1) – –

7 1 (16.7) 5 (17.2) – –

8 7 (24.1) – 13 (26.0)

9 2 (6.9) – 19 (38.0)

10 – – 14 (28.0)

11 – 1 (25.0) 3 (6.0)
aThere were 2290 and 4440 deliveries in the intervention and control arm respectively in the pre-trial period
bThere were 2494 and 5425 deliveries in the intervention and control arm respectively in the trial period
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knowledge about asphyxia as documented in Malawi
could be an explanation for this observation [36]. The
intervention (mCDMSS) was intended to bridge such
knowledge gap, however, the absence of knowledge
transfer (about the intervention) implies persistence of

lack of knowledge and access gap in the intervention
clusters possibly through suboptimal use of the interven-
tion [37]. Monthly reminders concerning the availability
of the mCDMSS for the use of health workers and, re-
training of health workers at post in health facilities

Table 4 Total adherence score and proportion of cord sepsis protocol items adhered to before and during intervention
implementation

Protocol item aPre-trial period (N = 13) bTrial period (N = 14)

Intervention
n (%)

Control
n (%)

Intervention
n (%)

Control
n (%)

Diagnosis

Diagnosis documented 5 (100.0) 8 (100.0) 2 (100.0) 12 (100.0)

Signs and symptoms

Cord assessed for odor, pus and wetness 3 (60.00) 2 (25.0) 1 (50.0) 9 (75.0)

Skin around cord assessed for redness 2 (40.0) 3 (37.5) 0 (0.0) 4 (33.3)

Assessment for fever 3 (60.0) 5 (62.5) 1 (50.0) 3 (25.0)

Heart rate, pulse rate, respiratory rate 2 (40.0) 7 (87.5) 2 (100.0) 11 (91.7)

Abdomen palpated 0 (0.00) 2 (25.0) 2 (100.0) 5 (41.7)

Conjunctiva or haemoglobin checked 0 (0.00) 1 (12.5) 2 (100.0) 1 (8.3)

Treatment

Cord hygiene education given to mother 2 (40.0) 0 (0.0) 1 (50.0) 5 (41.7)

Antibiotics given 5 (100.0) 8 (100.0) 2 (100.0) 12 (100.0)

Monitoring of vitals 4 (80.0) 7 (87.5) 2 (100.0) 11 (91.7)

Total adherence score

1 – – – –

2 – – – –

3 – 1 (12.5) – –

4 1 (20.0) 1 (12.5) – 1 (8.3)

5 3 (60.0) 3 (37.5) – 1 (8.3)

6 1 (12.5) 1 (50.0) 8 (66.7)

7 1 (20.0) 1 (12.5) – 1 (8.3)

8 1 (12.5) – –

9 – 1 (50.0) –

10 – – 1 (8.3)
aThere were 2290 and 4440 deliveries in the intervention and control arm respectively in the pre-trial period
bThere were 2494 and 5425 deliveries in the intervention and control arm respectively in the trial period

Table 5 Concurrent neonatal health improvement activities in study clusters during the intervention period

Arm Cluster Resource
ranking

Total number
of activities

Activities/topics discussed

Intervention A High 1 Making every baby count initiative

Intervention B Low 1 Making every baby count initiative

Control C High > 7 Policy on breast feeding and Hepatitis exposed babies; Assisted Vacuum Delivery; aHelping
babies breathe training; Bi-weekly continuous professional training aimed at reducing the in-
cidence of birth asphyxia and improving new-born resuscitation

Control D Low 5 Accelerating the achievement of Millennium Development Goal 4; Provider training; Helping
babies breathe and essential care for every baby; 7th District Hospital provider training;
Maternal and Neonatal audit workshop

a There were a total of at least 5 rounds of this training with a new group of midwives being trained each time
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during supervisory visits by the project team, seem not
to have been effective in addressing the challenge of sub-
optimal use of the intervention [37]. Poor adherence as
observed suggests focused support for health workers in
the management of asphyxia in order to improve adher-
ence to its protocols.

Adherence to jaundice protocols
Protocols for management of Jaundice were least ad-
hered to among the three morbidity protocols under-
studied. There was poor adherence to protocol items for
the theme ‘Signs and symptoms’ of jaundice in all clus-
ters in both time frames. Of note is the assessment of
neonates for convulsion and hypotonia. While the diag-
nosis of convulsion may be difficult in neonates [38, 39],
hypotonia can be objectively assessed; the lack of docu-
mented evidence of assessment of these two critical
signs of the central nervous system (CNS) is undesirable
given disabilities associated with CNS complications
(kernicterus) from jaundice [40]. Failure of the health
workers to recognize at-risk infants and poor manage-
ment of hyperbilirubinemia is a known cause of kernic-
terus [40]. The observed complete non-adherence to
jaundice investigation protocols in the intervention arm
during the pre-intervention period and poor adherence
to these protocols in the intervention period could be
due to the absence of the rapid tests or laboratory equip-
ment to run these tests in the hospitals. Lack of required
equipment is associated with non-adherence to proto-
cols [41–43]. Neonates with mild jaundice may have
been the ones not treated in this study; the absence of
follow-up of jaundiced neonates has been previously
documented and can be associated with dire conse-
quences should the jaundice worsen [40]. We report in-
discriminate use of antibiotics in cases of jaundice and
this suggests the need for training on rational use of an-
tibiotics in the study setting.

Adherence to cord sepsis protocols
Prevalence of cord sepsis in this study was low. This
may be due to on-going interventions in the GHS to
promote good cord hygiene practises [44, 45]. This low
prevalence of cord sepsis may however lead to poor re-
call of assessments for cord sepsis cases as observed in
the low adherence score for ‘signs and symptoms’ in this
study. Local signs of cord sepsis (e.g. pus and odour) are
associated with mortality [46], therefore lack of
assessment for these local ‘signs and symptoms’ can be
potentially catastrophic for neonates as important com-
plications from the cord infection that may warrant ur-
gent attention or treatment modification may be missed.
All cases of cord sepsis were treated with antibiotics
which indicates that once a diagnosis is made, treatment
will be initiated, and the vitals of patients will be

monitored as observed. The non-adherence to protocol
item regarding cord hygiene education for caregivers
presents a missed opportunity to teach cord hygiene in a
setting where poor cord hygiene still exists in some
communities [47]. Caregivers are known to be inappro-
priately educated by health workers about the morbid-
ities, treatment and associated complications their wards
may experience [40, 41].

Adherence to protocols in general
We found no case of complete adherence to protocols
for all three morbidity types (asphyxia, jaundice, and
cord sepsis) in this study using data of 257 neonates in
the four district hospitals. A similar observation was
made in another study where every resuscitation had an
error [33]. Improvement in adherence to all three mor-
bidity type protocols during the intervention period in
both the control and intervention arms is possibly due
to training programmes of the GHS and her partners in
this area. Such efforts must be documented and
reviewed to optimize their effect on improvement in
neonatal healthcare services. Cluster C recorded the
highest proportion of deliveries, and the highest
workload but the best adherence to protocols before and
during the intervention period. Low workloads can influ-
ence competence and high workloads can influence abil-
ity to respond adequately; the high workload of cluster C
could have positively influenced the cluster’s observed
adherence to protocols.

Contribution of concurrent activities to improvements
adherence to neonatal care protocols
“Even if you know everything you can forget” [48]. Fre-
quent reminders, trainings and refresher trainings are a
means to improve health outcomes in general. The ob-
served higher improvements in adherence to protocols
in the control clusters compared to the intervention
clusters may reflect differences in knowledge across the
intervention and control clusters resulting from the
training programmes that were more frequently under-
taken by hospital management, the GHS and her part-
ners in control clusters. Commensurate efforts on
neonatal health improvement training programmes in
addition to the mCDMSS in the intervention clusters
may have led to significant improvements in adherence
to protocols in the intervention clusters as well. The
higher number of concurrent neonatal health improve-
ment activities in the control clusters could also explain
the observed lower odds of neonatal death in the main
CRCT findings [49].

Limitation
We sought to understand the pattern of health worker
adherence to neonatal health protocols before and
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during the implementation of an mCDMSS, but our
study has certain limitations. Differences in adherence to
protocols by resource allocation type per study arm were
not assessed. Due to the low incidence of cases among
the various subgroups and because individual level data
concerning mortality was incomplete in the DHIMS2
and in the health facility medical records, we could not
control for the effect of the concurrent neonatal im-
provement activities in our analysis, nor analyse the rela-
tionship between adherence and neonatal mortality as
originally indicated in our trial registration. The results
of our study should therefore be interpreted in the light
of these methodological limitations. We did not evaluate
the type of health care provider in relation to the care
provided nor the factors that may have influenced ad-
herence to neonatal protocols. Qualitative analyses of
why the observed pattern of adherence occurred could
have provided more insight into the results we have ob-
tained and are recommended for future studies.

Conclusion
The question of whether mHealth interventions can
improve adherence to neonatal health protocols in a
low-resource setting remains difficult to answer from
the evidence generated in this study, but, during the
study, adherence improved irrespective of intervention
allocation. This was particularly observed for the control
clusters, and concurrent neonatal improvement inter-
ventions that took place in the study clusters may ex-
plain this effect. It is therefore essential to document
and review all ongoing interventions whose goals are to
improve health worker adherence to neonatal health
protocols in study settings. Concurrent neonatal health
improvement activities must be taken into account in
similar mHealth evaluations. Future studies should relate
adherence with patient outcomes.
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