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Abstract
Background: Accountability for maternal, newborn and child health (MNCH) is a collaborative endeavour and
documenting collaboration dynamics may be key to understanding variations in the performance of MNCH services.
This study explored the dynamics of collaboration among frontline health professionals participating in two MNCH
coordination structures in a rural South African district. It examined the role and position of actors, the nature of their
relationships, and the overall structure of the collaborative network in two sub-districts.
Methods: Cross-sectional survey using a social network analysis (SNA) methodology of 42 district and sub district
actors involved in MNCH coordination structures. Different domains of collaboration (eg, communication, professional
support, innovation) were surveyed at key interfaces (district-sub-district, across service delivery levels, and within
teams).
Results: The overall network structure reflected a predominantly hierarchical mode of clustering of organisational
relationships around hospitals and their referring primary healthcare (PHC) facilities. Clusters were linked through
(and dependent on) a combination of district MNCH programme and line managers, identified as central connectors
or boundary spanners. Overall network density remained low suggesting potential for strengthening collaborative
relationships. Within cluster collaborative patterns (inter-professional and across levels) varied, highlighting the
significance of small units in district functioning.
Conclusion: SNA provides a mechanism to uncover the nature of relationships and key actors in collaborative dynamics
which could point to system strengths and weaknesses. It offers insights on the level of fragmentation within and across
small units, and the need to strengthen cohesion and improve collaborative relationships, and ultimately, the delivery of
health services.
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Background
Health systems are social systems that are determined by
people who interact through various forms of collaboration
or conflict expressed through the sharing of ideas, interests,
values, norms, affinities and power. This can be considered
the ‘software’ of the health system, a guiding force
underpinning the relationships among health system actors
and performance.1
The multi-level collaboration and coordination of care
between actors in health systems are frequently invoked as key
for achieving the Sustainable Development Goals particularly
for maternal, neonatal and child health on reducing mortality
by ending preventable deaths.2
Collaboration can be viewed as a key attribute of effective
governance, enabling knowledge sharing, service coordination
and joint problem-solving.3 Successful collaboration is
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built on the recognition of all actors being part of the
solution to problems identified, and requires the following:
communication skills, trust-building, capabilities for coaching
and mentoring, promotion of collective and inclusive
decision-making processes that sustain accountability, and
equitable practices.3,4
The essence of collaborative networks resides in bringing
‘disparate groups together so that they can work effectively and
synergistically.’5 Collaborative relationships are enabled by or
embedded in formal and informal social networks in the work
setting6,7 and can be affected by differences in professional
power, level of expertise and professional and organizational
culture.8
A recent systematic review shows that quality improvement
collaboratives among frontline providers and managers
improve their knowledge, problem-solving skills and

Mukinda et al

Key Messages
Implications for policy makers
•
Governance and accountability mechanisms for maternal, newborn and child health (MNCH) need to recognise the value of collaborative
relationships (and informal interactions) between frontline providers and managers, and across levels of care.
•
Effective collaborative relationships involve participation and collective decision-making by senior and middle level managers representing
both clinical and non-clinical staff.
•
Effective collaboration is driven by a multidisciplinary team of actors, with complementary skills and capabilities including doctors, nurses,
emergency medical services, allied health workers, health information and administrative staff.
•
Referral processes for MNCH depend on effective collaboration between primary healthcare (PHC) facilities and hospitals.
Implications for the public
Effective maternal, newborn and child health (MNCH) requires collaboration and networking between hospitals, primary healthcare (PHC) facilities
and the community. In these collaborative networks, community voices may be represented through the hospital board, the community-based
organisations or other similar mechanisms. However, in South Africa, these collaborative networks are challenged by structural fragmentation,
with in particular, little involvement of the community. Opportunities are needed to build cohesion between disparate groups, by creating ties
or strengthening existing weak relationships between providers, and supporting active involvement of the community. When frontline health
professionals teams are highly interconnected, they are more likely to deliver high-quality care. Once consolidated, collaborative networks will
facilitate knowledge transfer, improve referral systems, continuity of care and patient outcomes.

collaborative attitude, teamwork and shared leadership.9 By
enabling synergies among actors involved,10 collaboration
facilitates collective learning, sharing of experiences and
implementation of changes for improved quality of maternal
and child healthcare.11-13 Through collaboration, a common
purpose can be developed and shared in a safe and open
environment where actors can freely express their opinions
and where diverse viewpoints are encouraged and fairly
protected.14
Collaboration is particularly important for frontline
providers and managers who are required to coordinate
their activities across a variety of interfaces, which include
the following interfaces: (i) a professional interface: within or
across group collaboration between doctors, nurses and other
professionals in health; (ii) a levels interface: collaboration
across levels of care in a health system including district
hospitals, PHC facilities and community based services; (iii)
a patient, family and community interface: between health
professionals and communities.10,12,14
Collaborative relationships can be assessed in different
ways, from whether actors simply know other relevant
people in the network (a pre-requisite for other forms
of collaboration), to varying degrees of communication
among actors, to particular domains of collaboration, such
as professional support mechanisms and opportunities to
innovate (sharing new ideas).15,16 By enhancing relational ties,
professional support mechanisms allow health workers to
cope with personal or work-related challenges, and improve
the outcomes of health service delivery.16,17
One of the ways to study collaborative interactions between
health system actors is through social network analysis
(SNA), which provides an understanding of the behaviour
of actors involved in a network, and points to gaps in
relationships that are required to strengthen the health system
for collective action.18-20 For example, SNA has been used to
explore health system functioning,18,21 to assess the extent of
communication between providers involved in a HIV care
programme in South Africa22 and to describe collaboration
among organizations providing HIV treatment, maternal
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service delivery and workforce strengthening in Uganda.6
Mundt et al23 used SNA to evaluate the association between
team communication and quality of care or costs for patients
with cardiovascular disease.
The South African district health system provides the
oversight and coordinating mechanism for community-based
services, primary healthcare (PHC) facilities and district
hospitals. Collaboration between these levels is through
referral processes upwards and downwards.24 However,
the public health system in South Africa is challenged
by fragmentation at the point of implementation, lack of
coordination and inadequate referral systems that affect the
quality and outcomes of care.24,25
This study aimed to assess the dynamics of collaboration
on maternal, newborn and child health (MNCH) within a
rural South African district, by exploring and quantifying
the structure of the collaborative network as well as the role
and position of actors involved in two key district MNCH
coordination mechanisms. Different domains of collaborative
interactions were considered, namely, the knowledge of
other actors in the network, the degree of communication,
and relationships of professional support and innovation.
Prior qualitative research in the study district had identified
collaborative relationships as key to MNCH outcomes and
to effective accountability mechanisms.12,26,27 However,
fragmentation, lack of coordination and inter-professional
collaboration within clinical teams (medical, nursing) and
with managers from various levels of care were also identified
as impeding the quality of service provision.27
Methods
Study Setting
This study was conducted in Gert Sibande district, one of
three districts of Mpumalanga province, located in the northeast of South Africa. The district has a population of about 1.1
million, with the vast majority (61%) living in rural areas.28
The District health system consists of a network of eight
district hospitals, one regional hospital and 76 PHC facilities,
distributed among seven sub-districts. Two sub-districts
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containing three hospitals and associated PHC facilities were
purposefully selected for this study.
A number of evidence-based intervention strategies were
implemented in the study district during the 2010-2017
period to address the problem of maternal and child mortality
(maternal mortality ratio of 328 per 100 000 births).29 A new
coordinating and accountability structure, the Monitoring
and Response Unit (MRU) was established to complement
the existing audit mechanisms, the Perinatal and Child
under-five Problem Identification Programmes (PPIP and
CHIP, respectively). Collectively these structures brought
together managers, clinicians, allied health professionals and
information officers from various levels of the healthcare
system.12
Study Design
We conducted a cross-sectional study of the collaboration
networks of frontline providers and managers involved in
the three coordination structures – MRU, PPIP and CHIP,
considered as a proxy for the MNCH community in Gert
Sibande district, Mpumalanga province.
The following properties are measured in a SNA19: (i)
network structure, which relates firstly to the cohesion or
connectedness of the network (density or fragmentation); and
secondly, to the shape of the network, including distribution of
ties between nodes (actors); and (ii) actors’ role and position
in the network categorized as central highly connected actors
and peripheral actors with loose ties.30 Granovetter’s ‘the
strength of weak ties’ theory was used to explain the dynamics
of collaboration.31
Based on their position and level of influence in the
network connectivity, actors can be either bridges (facilitate
information to reach isolated actors), boundary spanners
(linking two groups of people defined by functional affiliation,
physical location, or hierarchical levels) or ‘brokers’ (facilitate
the transfer of specialized knowledge between groups).5,15
Study Population and Sampling
The key informants (n = 42) were purposefully sampled
among frontline managers and providers involved with
maternal, neonatal and child health and attending the key
coordination structures, namely the PPIP/CHIP and MRU
meetings. The 42 respondents were from the district office
(cluster 1, n = 6), sub-district 1 (cluster 2, n = 10 and cluster 3,
n = 13) and sub-district 2, (cluster 4, n = 13). Key informants
consisted of the following: district programme and other
managers (n = 4), members of the district maternal and child
health clinical specialist team (n = 2), hospital chief executive
officers (CEOs, n = 3), nursing managers (n = 3), operational
managers from PHC facilities (n = 2) and hospital unit
managers (2), professional nurses (n = 12), medical officers
(n = 12), information managers (n = 1) and allied health
professionals (n = 1).
Data Collection and Analysis
Data were collected using a pre-tested closed-ended
questionnaire (Supplementary file 1) completed by the
42 respondents. Data collection and analysis followed the

sequence of steps suggested by Blanchet and James19 and
Cross and Parker.15
Identifying and Describing a Set of Actors Strategically Important
for the Network (Step 1)
The first step was to identify all key actors involved in the MRU
and the PPIP/CHIP meetings following a ‘roster’ approach
(to identifying alters).32 We collated the attendance registers
of the meetings during our fieldwork (over 16 months) and
presented the respondents (egos) with an accumulated list
of names (alters) from which they could select. These lists
consisted of the names of those occupying the positions listed
above with the addition of emergency services personnel and
community representatives. During the survey, respondents
were allowed to add any missing name to the list.
Define Meaningful Relationships Between Actors (Step 2)
Meaningful network relationships are those that facilitate
action or decision making among actors. Based on our
interaction with frontline health professionals, we identified
and adapted a number of domains as representing and
revealing collaboration in a network from Cross and Parker15
(Table 1). A relationship was reported if the respondent (ego)
stated it; the reporting of the relationship did not rely on
both the ego and alter indicating its existence. Knowledge of
other actors was regarded as a pre-requisite for, and degree
of communication as an indication of, a relationship. The
types of collaborative relationships were then further defined
as professional support and innovation. The domains of
professional support, according to Mikkola et al16 and Button,33
drew on the general social support typology of informational,
instrumental and emotional support.
For the question on frequency of communication, the
respondents had to choose the corresponding number as
follows (0 = never, 1 = once a quarter, 2 = monthly, 3 = weekly,
4 = daily) to state how often they communicate regarding
MNCH. For other non-frequency questions, the respondents
had to select by placing a cross on the relevant collaborators
with whom they shared a link.
The second part of the questionnaire explored the
background characteristics of the respondents (such as
gender, age group, their current position and duration in
that position) as well as their perception of the importance
of the MRU and PPIP/CHIP programmes in strengthening
accountability for MNCH.
An information sheet with consent form was emailed
or shared as a hard copy to help respondents familiarize
themselves with the content. During fieldwork, the content
of the questionnaire and the ethical considerations were
explained to participants by the first author. The questionnaire
was not anonymised to allow for coding and analysis, but all
respondents were assigned a unique code to protect their
confidentiality. The list containing the names and coded
nodes are only accessible to the first author. The questionnaire
was piloted on selected actors from the three settings and
corrected following suggestions by respondents to the pilot.
The survey took place either in the facility boardroom or in
the respondent’s own office. The questionnaire was completed
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Table 1. Typology of Meaningful Collaborative Interactions

Pre-requisite
Domains

Knowledge of
other actors

Questions

I know this
person

Degree of
communication
How often do you
communicate with
each person regarding
MNCH issues?

Type of Collaborative Relations
Professional support mechanisms16,32
Informational
Instrumental
Emotional
Feedback/Advice
Problem-solving
On personal matters
I receive feedback
from this person/I feel
Who do you turn to
Who do you turn
personally comfortable
for help in solving a
to for support on
asking this person for
problem in your work?
personal matters?
advice on work-related
matters

Innovation
Sharing new ideas

Who are you likely to
turn to for discussing a
new innovative idea?

Abbreviation: MNCH, maternal, newborn and child health.

individually with no interference from peers or the researcher.
Respondents were allowed to ask questions for clarification if
something was not clear.
Visually Analyze the Structure of the Network and the Position
of the Actors (Step 3)
The analysis examined (i) the structure of the system, (ii)
the actors in the network and (iii) the relationships between
actors.19
Survey data were captured into and analysed (demographic
and background) using Microsoft Excel® 2019. The Excel
matrices of network data saved as comma-delimited values
(.csv) were imported into Gephi software version 0.9.2 for
network visualisation and analysis.34 The graphs (sociograms)
were generated for the district as a whole and each of the
three clusters (corresponding to a hospital and its networks of
referring PHC facilities). Network graphs were generated for
different forms of collaboration (communication, professional
support, innovation) within clusters – across levels of the
health service and between professional groups – and in the
district as a whole.
Various algorithms are embedded in Gephi software
version 0.9.234 that allows visualisation and analysis of
network properties. In this study, we report the following
three measures: degree centrality, betweenness centrality and
network density (Box 1).35
Actors were represented by a coded node and relations
between actors were denoted with an arrowed directed
line (edges) for directed relationships. The size of the node
depended on the number of connections (degree centrality)
or the number of times an actor was sitting on the shortest
path between two actors (betweenness). The visualisation
allowed us to identify not only influential central actors that
are the most connected but also peripheral actors with loose
connections.19
Results
Characteristics of Study Respondents
The total network size consisted of 143 nodes distributed as
follows: Cluster 1 (n = 23), 18 names provided in the survey
and 5 names added by respondents; Cluster 2 (n = 26), all
26 names included with no additions from respondents;
Cluster 3 (n = 41), 37 included in the questionnaire, 4 names
added by respondents; Cluster 4 (n = 53), 51 names from
attendance registers included in the survey and 2 names
2138

added by respondents. Of the 143 identified nodes, 42 (29.4%)
completed the survey.
Table 2 presents the characteristics of respondents. Overall,
32 (76%) were female, the majority 30 (71%) aged between
41 and 60 years; 10 (23.8%) were doctors and 24 (57.1%)
were nurses; and 19 (45.2%) were in a management position.
Concerning participation in meetings, 28 (66.7%) had
attended the MRU meetings, while 40 (95.2%) had attended
PPIP and CHIP meetings; and the majority perceived
that these meetings were important in strengthening
accountability (Table 3). Although sample sizes are small and
possibly non-representative, respondents in Cluster 4 were
more satisfied with current accountability mechanisms (and
to report participation) than sub-district Clusters 2 and 3.
Network Structure, Key Actors and Collaboration Across Key
Interfaces
A summary of network metrics is available (see Supplementary
file 2 – Table S1). They related to the six domains explored in
Box 1. Definition of Network Measures34

Degree centrality
The number of immediate contacts (alters*) an actor (ego*) has in a
network. It is measured by counting the number of alters adjacent
to the ego. It emphasizes an actor’s activity.35 Central connectors
will have higher degree centrality, while the peripheral actor will
have the lowest degree centrality. In-degree refers to the number
of edges which are coming into a node (vertex); Out-degree to the
number of edges which are coming out of a node.
Betweenness centrality
Looks at how often an actor is nested between two other actors.
It measures how many times an actor sits on the shortest path
between two other actors. Emphasis is on the actor’s control over
information flow.35 Boundary spanner and information broker
will therefore have high betweenness centrality. Bridges, however,
will reduce the distance between nodes (individuals) in a network
enhancing the diffusion of information.36
Density
The extent to which all possible relations are actually present. It
represents the completeness or connectedness of a network.32
* Ego = a focal node that represents a respondent; alter=the nodes
to whom the respondent (ego) is directly connected.
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Table 2. Characteristics of Key Informants (n = 42)

No. (%)
Gender
Female

32 (76.2)

Male

10 (23.8)

Age groups
20–30

6 (14.3)

31–40

4 (9.5)

41–50

15 (35.7)

51–60

15 (35.7)

Above 60

2 (4.8)

Category
Doctors

10 (23.8)

Nurses

24 (57.1)

ComServ doctors

4 (9.5)

Dieticians

2 (4.8)

Information officers

2 (4.8)

Position
District programme managersa

6 (14.3)

Hospital ‘Big five’

7 (16.7)

b

Hospital ward managers

4 (9.5)

PHC managers

2 (4.8)

Other non-managers

23 (54.8)

Position type
Permanent

35 (83.5)

Non-permanent

7 (16.7)

Duration in position
Less than 6 months
6 months – <1 year

3 (7.1)
3 (7.1)

1–3 years

7 (16.7)

4–7 years

8 (19.0)

8–10 years

5 (11.9)

Over 10 years

16 (38.1)

Level of care
District office
District hospital

6 (14.3)
31 (73.8)

Sub-district office

1 (2.4)

PHC

4 (9.5)

Location
District Office
Cluster 1
Sub-district 1

6 (14.3)
c

Cluster 2

10 (23.8)

Cluster 3

13 (31.0)

Sub-district 2
Cluster 4

13 (31.0)

Abbreviation: PHC, primary healthcare.
a
Two of them were DCST members based at a regional hospital.
b
CEO, Medical manager, Nursing manager, Allied health professionals
manager.
c
Sub-district 1 comprises two district hospitals.

this study and are described in the sections below. For each
domain, only the five actors with the highest metrics are
reported.
The sections which follow report on the overall network
structure and key actors involved in MNCH in the district,
followed by examination of collaboration across the key
interfaces at sub-district level (professional and service
delivery levels). The patterns were very similar across all
domains and only four of the six domains are reported in the
results – namely, knowledge of other MNCH actors, degree of
communication, problem solving and sharing of new ideas.
The remainder are available as Supplementary file 3.
Network Structure
Figure 1 shows the district network as a whole, colour coded by
location (district and 3 sub-district clusters) and level (PHC,
hospital, community, district), and labelled by actor position.
The network structure shows the central cluster (1) of the
district office and the three hospital clusters (2-4) around it,
connected to other clusters principally through the district
office. This clustering reflects the reporting hierarchy in the
overall collaborative network. All domains of collaboration,
namely, knowledge of other actors, degree of communication,
problem-solving or sharing a new idea, followed the same
pattern. The degree of communication (how often actors
communicate), is shown in the graph by the size of the node
and the thickness of the ties (ie, the thicker the tie, the more
frequent the communication between actors). Similar patterns
were seen in feedback/advice (informational) and emotional
support networks (see Supplementary file 3 – Figure S1).
The overall density of the network in all the domains was
very low (less than 10%) implying that less than 10% of all
potential connections were actually present at district or subdistrict levels, indicating a low level of horizontal and nonhierarchical interactions between and within clusters.
Key Actors
The role and position of actors are key to understanding
collaborative relationships. The network structure (Figure
1) showed that the dominant actors in the network – with
respect to central connectors and boundary spanners –
remained fairly consistent across domains of collaboration.
At the district office (cluster 1), the collaboration network
revolved around the MNCH coordinator (DPM1), the district
clinical specialist team (DCST), the nutrition programme
coordinator (NUT1) and the information manager (DHIS1).
These were the main drivers of MNCH services with the
MNCH coordinator as the most influential and the central
connector within cluster 1 and in the district as a whole
(across all 4 clusters).
At sub-district cluster level (Figure 2), there were variations
in the position and role of the main actors around whom spun
the network, encompassing a mix of influential clinicians, unit
nursing managers and members of the hospital management
team (referred to as the ‘big five’ – hospital CEO, and medical,
nursing, allied health and corporate managers). In cluster
2, the main actors were the medical officer (MO5) from
the maternity ward, the professional nurse (PN19) and the
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Table 3. Perception of Accountability Mechanisms

Cluster 1 (n = 6)
No. (%)

Cluster 2 (n = 10)
No. (%)

Cluster 3 (n = 13)
No. (%)

Cluster 4 (n = 13)
No. (%)

MRU
Attending MRU meetings (yes)

6 (100.0)

3 (30.0)

9 (69.2)

10 (76.9)

Important for accountability

6 (100.0)

9 (90.0)

12 (92.3)

12 (92.3)

Low importance

-

-

-

-

Neutral

-

-

-

1 (7.7)

Have not heard about MRU

-

1 (10.0)

1 (7.7)

-

PPIP/CHIP
Attending PPIP/CHIP meetings (yes)

5 (83.3)

10 (100.0)

13 (100.0)

12 (92.3)

Important for accountability

5 (83.3)

9 (90.0)

12 (92.3)

13 (100.0)

Low importance
Neutral
Do not know about

-

1 (10.0)

-

-

1 (16.7)

-

1 (7.7)

-

-

-

-

-

Satisfaction With Current Accountability
Satisfied

2 (33.3)

5 (50.0)

10 (76.9)

12 (92.3)

Dissatisfied

2 (33.3)

5 (50.0)

2 (15.4)

1 (7.7)

Neutral

2 (33.3)

-

1 (7.7)

-

Abbreviations: MRU,Monitoring and Response Unit; PPIP, Perinatal Problem Identification Programme; CHIP, Child under-five Problem Identification Programme.

nursing manager (NM4). The hospital CEO (CEO1) and the
medical manager (MOMM1) also featured in some, although
not all, domains (See also online Supplementary file 3 - Figure
S2). In cluster 3, five actors were central to the network,
namely, the nurse operational manager of maternity ward
(OPM1), the CEO (CEO2), the medical officers in maternity
and neonatal wards (MO2 and MO3) and the professional
nurse in the paediatric ward (PN16). The medical manager
(MOMM4) was central in some domains.
The pattern in Cluster 4 (in sub-district 2) was quite
different to that of the other two clusters. Here the network
revolved most clearly around the designated leadership
and in a fairly distributed fashion – the CEO (CEO2), with
strong involvement of the nursing service manager (NM1),
the allied-health manager (NUT2) and the medical manager
(MOMM3). The operational manager paediatric ward
(OPM6) also played an influential role (Figure 3).
The metrics (degree centrality and/or betweenness
centrality) for most collaboration domain networks were
higher for district actors (district programme managers and
DCSTs) as compared to sub-district actors (see Supplementary
file 2 – Table S1), illustrating clustering around hierarchies.
Some variations in the position and role of actors were
observed across the domains of collaboration and between
clusters. For instance, feedback/advice was provided mostly
by the DCSTs and medical officer (cluster 2), the CEO and the
maternity ward manager (OPM1) in cluster 3; while in cluster
4, the feedback/advice network consisted of a range of central
actors including mid-level nursing managers from both the
hospital and PHC facilities.
The problem-solving network showed that district actors
(DCSTs, district manager and the MNCH coordinator) had
the highest in-degree values implying that they were the
2140

most consulted for problem-solving at district level. At the
sub-district level, in addition to consulting actors from the
district office, the medical and nursing managers, as well as
other medical officers and ward managers, were central in the
problem-solving network (clusters 2,3) (see Supplementary
file 3 – Figure S3).
In cluster 4 (sub-district 2) the network showed the central
role of the CEO (CEO3) who was also consulted in cluster 3
(sub-district 1) for problem-solving. Also, the involvement of
PHC managers who also tend to consult among themselves
for solving work-related problems.
Collaboration Across Key Interfaces
This section presents further details regarding collaborative
interaction between healthcare levels and professional
categories.
Collaboration Between Hospitals, PHC Facilities and Community
There were variations in the patterns of collaboration between
the three levels of care (hospital, PHC and community)
(Figure 2). Most collaboration happened at the hospital level
for all domains. In clusters 2 and 3 there was little or absent
engagement of PHC facilities and community representatives.
In contrast, in cluster 4, actors from PHC facilities were
actively involved in the collaborative network. Communities
were represented by the two hospital board chairpersons
(BOARD1 and BOARD2) who were known by other actors
and were involved in the communication network.
Inter-professional Collaboration
A key feature of collaboration in the district was the
clustering around professional categories particularly in the
networks related to professional support domains (see online
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C

D

Legend 1 – By Location
District Office
Sub-district 1-C2
Sub-district 1-C3

Sub-district 2-C4

Regional hospital

PHC Sub-district 1-C2

Sub-district Office

PHC Sub-district 2

Community

Figure 1. District Level Networks by Location – ‘I Know This Person’ (A), Degree of Communication (B), Problem-Solving (C) and Sharing New Idea (D). Abbreviation:
PHC, primary healthcare.

Supplementary file 3 – Figure S2).
Collaborative relationships for the domains of problemsolving and sharing new ideas (innovation) showed similar
patterns between clusters 2 and 3. Doctors and nurses tend
to collaborate with each other, the allied health professionals
(denoted by ‘other’) collaborating mostly with nurses (see also
Supplementary file 3 – Figure S2). The network also depicted
the bridging or mediating role of the DCSTs and district
(programme) managers.
Cluster 4 was again the outlier in the pattern of interprofessional collaboration, with greater evidence of a multidisciplinary team functioning, with the middle-level nursing
manager playing a central leadership role (see Supplementary
file 1 – Table S2). In the innovation (sharing new ideas), for
instance, the network showed involvement of the emergency
medical services and PHC managers.
Discussion
This paper highlights the value of examining organisational,
professional and service delivery relationships and
collaboration within a district.
The network analysis presented in this paper relates to
MNCH as a programme that involves ‘many hands,’ that is,
an ecosystem of multidisciplinary actors and clusters that
contribute to MNCH outcomes seen at system level.37 The
current organization of healthcare is characterized by vertical
reporting lines from PHC and hospitals to the sub-district

and district structures. These hierarchical reporting lines
are not balanced by mechanisms for horizontal networking
and lessons sharing between clusters. In this regard, informal
relationships and coordination mechanisms (such as PPIP/
CHIP and MRU) present an opportunity to overcome siloes,
but require a particular type of local leadership to drive the
process.12,38
The overall network revealed strong ties with a few central
actors, embedded in a web of absent and weak ties between
actors, particularly around the ‘degree of communication’
network. Within the same district, it was expected that there
should be a certain level of horizontal collaboration, lesson
learning and dissemination across sub-districts, yet the study
depicted only limited networking between these clusters.
There was thus a dependence on a few central actors who
played the role of connectors, bridges or boundary spanners
between actors. Because bridges occupy a strategic position
in a network, Valente and Fujimoto36 argue that any change
in the ties from and to the bridging node will reflect on the
whole network structure and cohesion.36 Dependence on a
few critical actors can also create overwhelming workloads
for some, making it difficult to respond timeously to needs
and demands from below. Referring to central connectors as
‘bottlenecks,’ Cross and Parker15 argue that they can hold back
the whole network when their capacity to respond is unable to
meet the need. Clusters that are highly dependent on central
players would be significantly impacted by high turnover
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Figure 2. ‘I Know This Person’ Network at Sub-district/Cluster Level. Abbreviation: PHC, primary healthcare.

Figure 3. ‘Degree of Communication’ Network at Sub-district/Cluster Level. Abbreviation: PHC, primary healthcare.

of staff and low capacity at central level. Conversely, system
resilience could be built by strengthening networks of support
and cohesion within and between clusters that do not rely on
central mediation. Even weak ties between sub-districts could
mitigate the danger of reliance on a few central nodes in a
2142

district.
The significance of DCSTs, district programme managers
and other support staff as central actors alongside line
managers highlights the interplay of hierarchical and
non-hierarchical collaborative relationships. The clinical
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governance and mentorship roles of programme staff ensured
critical links between clusters that otherwise would have
remained physically and functionally isolated. They acted
as key boundary spanners or bridges with many ties. Some
of the boundary spanning actors were formally recognised
in their leadership position, while others were not in any
formal management position, the so-called ‘unsung heroes’
who played key roles in the network without being officially
acknowledged as such.15 The roles played by these actors
illustrate the vital significance of the informal network in
service delivery.
The actors with the highest betweenness centrality were
the district MNCH coordinator, DCSTs, the nutrition and
health information managers, the hospital CEOs and some
medical officers without any management position. They
represented the brokers, sitting on the shortest path between
actors, facilitating connections and information flow between
levels of care, or translating and adapting higher-level policy
initiatives to local needs through clinical leadership and
oversight. Long et al5 argue that brokers can facilitate transfer
of specialised knowledge between disparate groups. By
removing the brokers from the network, Cross and Parker15
found that the network became more fragmented with many
isolated groups. The opposite holds true – increasing the
density of ties between disconnected actors will improve
efficiency of information diffusion between groups.5
In the study setting, collaboration around MNCH at subdistrict level happened mostly within professional categories
(doctors, nurses and other professionals including nutrition
service and health information managers). There was also
variability in the involvement of PHC facilities and community
representatives in these clusters, contrary to the findings
of a review by David et al39 that reported the relevance and
participation of PHC professionals and family members in
the Brazilian local health system context.
Overall, the low density or connectedness of the MNCH
network suggests a low level of cohesion in the district as a
whole and individually in the sub-districts. This was depicted
by the high number of absent ties amongst the 42 respondents
to the survey (even if a collaborative relationship was recorded
when one person in the dyad reported it). Low cohesion
between actors within the district can affect the referral
systems between actors and across levels of care. It can also
explain the disconnect between PHC facilities and district
hospitals identified in a previous qualitative phase in the same
setting.27 Consideration should, therefore, be given to these
‘absent’ and ‘weak ties’ as they represent an opportunity for
innovation and strengthening cohesion in a system that is
fragmented. Given that the overlap between two individuals’
networks depends on the strength of their tie to one another,
focusing only on strong ties, therefore, ignores the potential
contribution of ‘weak’ or ‘absent’ ties to system performance.31
Granovetter40 refers to weak ties as acquaintances as compared
to stronger ties of friendship or personal and professional
support. Weak ties, when playing a role of local bridges
between network segments, can be crucial in generating
connectivity between structurally unconnected clusters of a
network by facilitating the dissemination of innovative ideas,

encouraging inter-cluster communication and collaboration,
enhancing productivity and improving health outcomes.
Arguing further, Granovetter40 suggests that weak ties
represent an opportunity for “microintegration” (allowing
regular transmission of information) or “macrointegration”
(that allows for episodic transmission of information) among
disparate or distant clusters that characterise the current
healthcare organisation.
Creating opportunities to strengthen weak ties and reduce
absent ties between actors is crucial because when frontline
health professionals teams are highly interconnected (higher
network density), sharing a common vision with less
dependence from the central office, they are more likely to
deliver high-quality care.23
Despite similarity of the baseline demographic
characteristics across the four Clusters, the data presented in
this paper shows that Cluster 4 appeared to provide a model
of collaborative relationships for strengthening MNCH and
building resilience. Such a model involves the following
attributes:
• Firstly, distributed leadership among the ‘big 5’ that
creates the space for inclusion, participation and
collective decision-making by including senior and
middle level managers representing both clinical and
non-clinical staff.
• Secondly, effective collaboration driven by a
multidisciplinary team of actors, bringing together
complementary skills and capabilities including doctors,
nurses, emergency medical services, allied health
workers, health information and administrative staff.
• Thirdly, PHC facilities are effectively linked to hospitals.
Collaboration enables the establishment of effective
referral processes and creation of formal and informal
networking between hospitals and PHC facilities.
• Fourthly, communities are represented in the various
domains of collaboration network. This includes the
hospital board chairpersons as representatives of
the communities as well as other community-based
organisations that provide voice for users and citizens.
• Fifthly, there is less dependence on the central district
players. Frontline professionals and managers display a
certain independence from the central management office
and are empowered with problem-solving capabilities.
This requires both stronger cohesion between units and
more integration of peripheral actors within and across
clusters.
• Finally, innovation is driven by frontline managers.
Collaboration aims to empower frontline professionals
to bring forward and share new ideas, and new ways of
doing things. This would avoid the dependency on the
district players for things that require local solutions.
Findings from previous phases of research showed that
when encouraged, actors developed innovative informal
collaborative relationships and new ways of doing things,
such as the establishment of a high risk clinic within the
hospital that did not require any additional resources.26
These key features of a collaborative network were also
described as drivers of the success in MNCH outcomes in the
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district through strengthened systems of governance.12 Prior
qualitative observations in the district identified enabling
local contexts of accountability and collective responsibility
for MNCH care as requiring an open leadership style,
multidisciplinary teamwork, involvement of actors across
levels of care and community participation.12,27 The extended
nature of informal accountability relationships developed
by the leadership, particularly in Cluster 4, contributed to
strengthening co-operation and trust among actors in the subdistrict, promoted innovation, and motivated participation
in meetings.12,26 As pointed out by David et al,39 ‘reaffirming
the role of PHC in the care network’ is imperative, but also
recognising the central role of the managers, particularly
district programme managers in mediating collaborative
networks.
Limitations
The PIPP/CHIP and the MRU were two examples of
collaboration for MNCH that recognised the value of
relationships between frontline providers and managers, and
across levels of care. It is possible that this network with its
strong central connectors, despite its overall low cohesion,
functioned better than other service delivery networks
(eg, for tuberculosis or non-communicable diseases). This
exploratory study provides only limited explanation in the
variations between included clusters. This aspect should be
considered in future research that should also seek to explore
the linkage between SNA analyses and system performance,
as well as use SNA in prospectively evaluating quality
improvement collaboratives at local level.
A methodology such as SNA is not able to capture the
multiple daily interactions involved in the relationship
between providers and patients and community as clients in
the collaborative network. These may seem to be weak ties,
but their role and contributions no doubt have an impact
on MNCH outcomes. The limited representation of actors
from PHC facilities can be considered as a methodological
limitation. However, only one person had to report on the
tie between two people in order for this to be presented in
the SNA as an edge. In addition, because the SNA survey was
conducted on a meeting day, efforts were made to contact
and remind actors regarding the survey. Thus, if the PHC
members had been significant players but absent on the
day of the survey, then they could have been reported by
others or captured in follow-up processes. The absence of
PHC players in the study sample in all likelihood represents
a weak or absent collaborative network. It is possible that
informal collaborative mechanisms existed outside of the
PPIP/CHIP or MRU study population, but the prior phases of
research suggest that this is unlikely. Finally, a dissemination
workshop was planned to give feedback in the district to
validate the findings and explore ways to proactively improve
collaboration and cohesion in the district. Unfortunately, this
workshop was cancelled due to the Covid-19 pandemic.
Conclusion
Collaboration is a prime requirement in health systems and
maternal and child health, particularly at the district level
2144

where frontline health professionals interface with healthcare
users. Consolidated collaborative networks are crucial to
facilitate knowledge transfer, improve referral systems,
continuity of care and, ultimately, patient outcomes. There is
a need to build more cohesion among disparate groups within
the district health system by integrating PHC, hospitals and
communities. Strengthening collaborative networks among
multidisciplinary groups of actors from different levels of care
will bring isolated groups to work together as a team toward
achieving a common goal of improving MNCH outcomes
and reducing avoidable deaths. By identifying and utilizing
effectively the connectors, spanners and brokers, managers
can use the opportunity to close the gaps in knowledge, skills
and capabilities among frontline health professionals.
Governance structures such as the MRU, if well understood
and implemented, can facilitate collaborative network and
improve cohesion between a multidisciplinary team of
actors and across levels of care12 particularly by integrating
the missing links between PHC, hospital services and
communities.27 The design of health system reforms should
nurture collaborative relationships, information sharing and
strengthened teamwork between frontline providers and with
clients.8
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