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Abstract

Background: The Global Vaccine Action Plan sets a target of 90% child immunisation coverage, a rare
achievement in the Global South. Yet two of the poorest of Ghana’s 10 regions have accomplished this feat-what
can policy-makers and public health authorities learn from these ‘positive deviant’ regions (PDRs), to inform
immunisation strategies elsewhere in the South?

Methods: Using cluster analysis and data from the 2008 Ghana DHS, seven regional-level factors were
investigated that might account for differences in immunisation coverage: ethnicity/religion, socioeconomic status,
maternal health literacy and decision latitude, use of maternal health facilities, participation in child vaccination
campaigns, and availability of community health infrastructure. Rank orders of the 10 regions on these factors were
examined for the degree to which the PDRs were similar to each other, and dissimilar to the other eight regions.

Results: The PDRs were not similar to each other on any of the regional-level factors. Contrariwise, the PDRs
clustered only at the highest stage of agglomeration in the analyses. Thus, the two PDRs do not closely share
regional-level characteristics that might explain their PD status, with the study thus failing to differentiate the PDRs
from the other regions.

Conclusions: The heterogeneity exhibited by the PDRs is actually reason for optimism, suggesting that even the
poorest regions in the South, with disparate characteristics and social situations, can achieve excellent child
immunisation coverage. It may be that nation-wide ‘one-size-fits-all' government campaigns to encourage child
immunisation should be supplemented, or even replaced, by small area, targeted efforts fit-to-purpose and fit-to-
local-conditions.
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Keywords: Child immunisation; Positive deviance; Ghana; DHS;  health assembly in 2011. Discussions culminated in the vision for
Cluster analysis Decade of Vaccines (2011-2020) and the establishment of Global
Vaccine Action Plan [5]. The GVAP builds on the success of the GAVI

Abbreviations: PDRs: Positive Deviant Regions; DHS: Demographic Alliance Strategy [8]. Though immunization has made great impact,

and Health Survey. many countries in the Global South, including some of Africa’s most
populous countries-Nigeria, South Africa and Uganda-have coverage

t 11 below 80% [9,10]. Therefore Reach E District strat
Background rates well below 80% [9,10]. Therefore Reach Every District strategy

was devised by WHO to improve stagnating immunization coverage
The Alma-Ata Declaration recognized immunisation as essential —and effectiveness in Africa [11].
primary health care [1]. During the 1970%, the World Health
Organization (WHO) launched the Expanded Programme on
Immunization [2,3]. In 1989, WHO recommended that yellow fever
vaccine be used in endemic areas. In the 1990%, hepatitis B and
Haemophilus influenza type b vaccines were recommended where the
disease burden was high [4]. Immunisation has helped to eradicate
smallpox [5]. It has lowered the global incidence of polio by 99% [2].
Apart from safe drinking water, no other public health modality, has
led to such major mortality reduction, as has immunisation [6].

Coverage statistics are usually presented at national levels. This
masks substantial variation between regions within countries [12].
While achieving complete immunisation coverage is a daunting task, it
is possible. For instance, in the face of stiff socio-economic and cultural
challenges, two very poor regions in Ghana have achieved complete
child immunisation. These regions —-Upper West and Brong-Ahafo -
are the focus of this paper. These regions follow a pattern that has been
termed ‘positive deviance’ (PD), a term first coined by child health

. . S - ; researchers:
Accordingly, immunisation is one of the most cost effective public
health investments that the world can make for future generations “Positive deviance is the observation that in most settings a few at
[3,7]. risk individuals follow uncommon, beneficial practices and

consequently experience better outcomes than their neighbours who

A report by the Secretariat on WHO-UNICEF Global o oo 0o ke [13].

Immunization Vision and Strategy was a focal point at the 64™ world

J Vaccines Vaccin, an open access journal Volume 8 « Issue 1 « 1000351
ISSN:2157-7560


mailto:busykyere@yahoo.com

Citation:
10.4172/2157-7560.1000351

Kyere P (2017) Complete Child Immunisation: A Cluster Analysis of Positive Deviant Regions in Ghana. J Vaccines Vaccin 8: 351. doi:

Page 2 of 7

The label PD has been criticised as oxymoronic [14], and the
alternative term ‘optimal outlier’ has been proposed [15]. Regardless of
how it is labelled, researchers are expanding PD as a scientific arena
[16]. Reference in the quote above to ‘individuals’ is somewhat
misleading, since PD researchers have identified PD practices in
families [17], e.g., infant feeding practices of mothers in rural Vietnam
[18]. Recent PD research has moved to the level of health institutions
[19,20] and even to organisational development practice [21]. This
paper reports PD immunisation research at the regional level, the first
such PD analysis at this macro-level. Analysis of immunisation at
administrative levels such as regions and districts is of practical value,
since government and NGO efforts to improve coverage are mostly
implemented at these levels, in additional to national campaigns.

The problem addressed is this: what is it about the two Ghana
PDRs(Positive Deviant Regions), compared to the other eight regions
(Figure 1), which might explain why and how they have been able to
achieve complete child immunisation? The puzzle is deepened by the
rurality, deep poverty and remoteness of these regions in the north of
Ghana, far from the relatively well-off coastal urban centre of Greater
Accra. Are there lessons to be learnt from the success of these PDRs (as
has been learnt from PD countries [22]), which might inform
enhanced child immunisation strategies in other regions in Ghana, and
elsewhere in the Global South?
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Figure 1: Ghana: the two PDR are Upper West and Brong-Ahafo
(www.map.com.com).

Analysis of 126 documents from the global grey literature cited
many barriers of incomplete child vaccinations, including poor access
to services, unsupportive health staff attitudes, parents’ poor practical
knowledge of vaccination, and fear of side effects [23]. On the other
hand, antenatal care follow-up, being born in a health facility and

wealth index, have been associated with vaccination status [24,25]. The
many socio-demographic factors associated with immunisation
coverage in recent research include ethnicity and religion [26],
caregiver’s education [27], household economic status [28,29],
maternal health literacy [29], maternal decision latitude [30], use of
maternal and child health facilities [27], participation in vaccination
campaigns [31] and urban versus rural living [32]. Few studies
investigate why coverage has improved in some settings and not others
[33,34] or use positive deviance lens [35]. Substantial inter-regional
variation in immunisation coverage within countries [36] gives rise to
questions about what regional-level factors might account for
immunisation coverage variation. Similar to findings of Haddad et al.
[36], Balraj et al. [37] observed that significant inter-district differences
in measles immunisation coverage could not be satisfactorily
accounted for by the variables studied.

Thus, there are a host of candidate factors that might explain inter-
regional immunisation coverage differences. Yet, there is not much
systematic evidence about what policies and vaccination strategies
expand immunization coverage [33]. Consequently, this study aimed
to address this research question: at the regional level of analysis, do
Ghana’s two PDRs cluster on one or more of the following factors?

o  Ethnicity and religion

« Household socioeconomic status

o Maternal health literacy

« Maternal decision latitude

o Level of participation in child vaccination campaigns
o Community health infrastructure and health status

o Use of maternal and child health facilities

Methods

The author used the 2008 Ghana Demographic and Health Survey
(DHS) data [38]. Mothers provided data on the child’s immunisation
history, supplemented by information from immunisation cards. The
individual-level immunisation data were used to arrive at regional-
level rank order data. The DHS definition of complete immunisation
was used: amongst 12-23 months old index children (most recent birth
of the female respondent that survived to one year), completion
immunisation is defined by BCG, measles and three doses each of DPT
and polio vaccine. Immunisation status of all 542 children ages 12-23
as recorded in the DHS dataset was used to calculate regional coverage
prevalence of coverage completion (1=highest coverage prevalence,
10=lowest).

The regional rank orders for the seven regional-level factors that
might impact immunisation coverage was also computed. Using these
methods, a dataset consisting entirely of regional-level rank order data
was created. No individual level data were analysed except to arrive at
the rank order data. The regional rank order data were analysed with
hierarchical agglomerative cluster analysis in SPSS 19.0, using Ward’s
method, and applying squared Euclidean Distance as the similarity
measure. The variables were standardised via rank ordering. Lack of
dissimilarity from one cluster stage to the next called for clustering to
be stopped at the prior stage; this was a subjective, not a quantified
procedure [39]. An extended description of the methodology is
available elsewhere [40].

Each of the regional-level factors was assessed with several
indicators (individual or household level variables aggregated to the
regional level:
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Ethnicity and religion: Ethnic group coded Akan or non-Akan;
religion coded Christian or non-Christian.

Household-level socioeconomic status: Household assets coded
poorest or richest; maternal and paternal educational attainment,
each coded none or primary+; maternal and paternal employment
(skilled or unskilled).

Maternal health literacy: exposure to newspapers, radio and
television, each coded usually or never; participation in literacy
education coded yes or no; awareness of the health issues TB, HIV/
AIDS and STD, each coded yes or no.

Maternal decision latitude: woman’s participation in decision-
making about her own healthcare, about visiting health facilities;
daily/large household purchases, each coded not a big problem or a
big problem.

Use of maternal and child health facilities: woman assisted by
medical doctor nurse/midwife during most recent delivery yes/no);
place of delivery (health facility or home).

o Participation in public health child vaccination campaigns:
Youngest child vaccinated in the Ghana national vaccination
campaign of 2006, and in the campaign of 2007, (yes/no).

o Community health infrastructure and health status: each region’s
prevalence in under-five mortality, in physician/nursing to
population coverage, in number of health facilities.

In each of the seven cluster analyses, regional clustering was
computed based on the joint clustering effect of all the indicators of the
over-ordinate factor (the headings in i through vii, above).

Results

The prevalence’s data for all indicators are presented in Table 1. The
rank order of regions on immunisation was: Brong-Ahafo (91.7%),
Upper-West (90.8%), Ashanti (85.7%), Upper-East (84.6%), Volta
(82.5%), Western (78.7%), Eastern (76.8%), Greater-Accra (76.1%),
Central (71.1%), and Northern (57.77%).

Variable Region
Brong- Upper-West | Ashanti Upper-East | Volta Western Eastern Greater- Central Northern
Ahafo Accra
Complete child | 91.70% 90.80% 85.70% 84.60% 82.50% 78.70% 76.80% 76.10% 71.10% 57.70%
immunization (%)
Prevalence for level of participation in child vaccination campaigns
Child vaccinated, Nov.| 4.2 3.1 3.6 0 17.5 6.3 1.8 0 0 3.9
2006 campaign (%)
Child vaccinated, Nov.| 50 21.9 241 2.6 37.5 25 26.8 37 55.3 29.9
2007 campaign (%)
Prevalence for ethnicity and religion
Ethnicity(Akan) (%) 60.4 0 72.6 0 25 66.7 58.9 50 89.5 6.4
Religion (Christian) (%) | 75 44.6 77.4 63.2 72.5 85.4 87.5 87 921 20.5
Religion (Muslim) (%) 18.8 40 131 5.3 7.5 125 1.8 10.9 0 56.4
Prevalence for household-level socioeconomic status
Wealth index (richest)| 52.1 231 67.9 17.9 425 52.1 55.4 89.1 711 16.7
(%)
Maternal education | 4.2 3.1 8.3 5.1 125 8.3 8.9 43 13.2 2.6
(primary) (%)
Maternal education | 45.8 15.4 57.1 12.8 35 47.9 64.3 73.9 421 9
(higher) (%)
Paternal education| 14.9 1.7 7.8 20.5 8.6 7.3 8.2 23 14.8 5.8
(primary) (%)
Paternal education | 63.8 26.7 81.8 255 71.4 80.5 89.8 90.7 70.4 14.5
(higher) (%)
Maternal employment| 4.2 18.8 15.5 18.4 12.5 18.8 19.6 21.7 7.9 9.1
(skilled) (%)
Paternal  employment| 42.2 13.5 50 25 45.9 40.9 51.1 67.4 40 17.3
(skilled) (%)
Maternal health | 58.3 46.2 35.7 63.2 231 33.3 51.8 26.1 15.8 25.6
insurance coverage (%)
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Money for health care| 70.8 44.6 53.6 255 17.9 81.3 64.3 60.9 55.3 38.5
(%)
Prevalence for maternal health literacy
Maternal literacy | 4.4 10.3 5.2 16.7 0 23 6.1 0 29 10.7
education (%)
Read newspapers (%) | 6.3 9.2 71 7.7 5 125 18.2 23.9 7.9 1.3
Listen to radio (%) 70.8 43.1 59.5 12.8 45 54.2 52.7 67.4 50 33.3
Watch television (%) 52.1 23.1 56 23.1 231 417 44.6 89.1 395 16.7
Tubercluosis awareness | 91.7 80 92.9 59 90 81.3 94.6 87 84.2 59
(%)
HIVI\AIDS  awareness | 97 95.4 98.8 100 95 95.8 100 97.8 94.7 92.3
(%)
STD awareness (%) 97.9 95.4 98.8 100 95 95.8 100 97.8 94.7 94.9
Prevalence for maternal decision latitude
Woman decides main| 48.8 46.7 25 73.7 34.2 39 39.1 34.9 571 27
purchases (%)
Decides daily | 9.3 16.7 11.8 13.2 26.3 9.8 10.9 18.6 25 10.8
purchases (%)
Maternal decision on| 23.3 26.7 22.4 211 7.9 19.5 18.2 19 22.2 21.6
own healthcare (%)
Can visit health facility| 95.8 83.1 95.2 64.1 92.3 97.9 98.2 97.8 100 83.3
(%)
Prevalence for use of maternal and child health facilities
Maternal health facilities | 77.1 81.5 59.5 84.6 70 64.6 55.4 71.9 57.9 62.3
use (%)
Assistance at delivery | 10.4 6.2 17.9 0 2.5 6.3 5.4 30.4 5.3 1.3
by physician (%)
Assistance at delivery | 66.7 38.5 63.1 28.2 40 47.9 60.7 7.7 447 21.8
by nurse\midwife (%)
Antenatal visits | 62.5 56.9 61.9 51.3 325 54.2 375 78.3 395 23.1
(6+visits) (%)
Public health centre| 68.8 42.2 64.3 39.5 40 46.8 60.7 69.6 342 244
delivery (%)
Private health centre| 4.2 0 8.3 0 5 43 3.6 13 7.9 2.6
delivery (%)
Prevalence for community health infrastructure and health status
Under five mortality| 76 142 80 78 50 65 81 50 108 137
(Rate)
Distance to health care| 87.5 53.8 76.2 28.2 66.7 70.8 73.2 80.4 73.7 47.7
services (%)
Physician to population | 22012 44736 9861 33843 28490 32761 17817 5177 26689 70744
coverage (Ratio)
Nursing to population| 1169 885 1382 966 909 1458 973 919 913 1577
coverage (Ratio)

Table 1: The prevalence’s data for all indicators for the seven regional-level factors.
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Figure 2 shows dendrogram (tree diagram) result for the analysis;
dendrogram is a convenient way to summarise great deal of
information from cluster analysis. There are at least three ways to
interpret the dendrogram results, by (1) changes in cluster dissimilarity
from stage to stage (reading left to right); (2) the relative placement in
clusters of the two PDRs at each stage, and (3) the clustering pattern
with regard to the regions’ immunisation completeness rank order
without regard to PDRs status.

Dendrogram for ethnicity and religion
Rescaled Distance Cluster Combine
5 10 15 20 25
1 1 1 1 1

Ashanti k]

Western Region:
Rank(1- best)
For complete

child immunization

Eastern 7

Brong_Ahafo 1 J

Variables:

Greater_Accra 8|
-

Akan ethnicity
Christian/Moslem

Central

Upper_West 2 J

Northern 10

Upper_East 4 J
Volta 5

Regions with 90%+ complete child immunization

Figure 2: Cluster analysis with regions as cases, dendrogram for
religion and ethnicity.

At stage 0, there are no clusters, as shown in Figure 2. At each
subsequent stage of clustering, vertical lines indicate cumulative
clustering, and between stages, distances between vertical lines indicate
magnitudes of dissimilarity between clusters. The distance measure
(rescaled by SPSS from 0 to 25) is one minus the correlation between
two clusters, so highly related clusters are indicated by shorter
horizontal lines. In Figure 2, Ashanti, Western and Brong-Ahafo
regions cluster, and are more strongly inter-correlated on ethnicity and
religion than is, for example, the Eastern/Greater Accra cluster. The
two PDRs are shown in shaded format (the vertical axis ordinals
represent the rank order on immunisation completeness). Brong-
Ahafo and Upper-West do not cluster together at any stage.

Upper_Wwest 2 J

Upper_East 4

Region:
Rank(1= best)
For complete

child immunization

Horthern 1
Votta

ST
Ashanti

Western

Variables:
Wealth index
Maternal education
Maternal employment
Paternal education
Paternal employment
Health insurance
Money for health care

Brong_Ahafo 1

Greater_Accra

Regions with 90%+ complete child immunization

Figure 3: Cluster analysis with regions as cases, dendrogram for
household-level socio economic status.

In Figure 3, Upper-West compares most closely with Upper-East
and Northern on the socioeconomic status indicators, a similarity with
geographic counterparts. The PDRs cluster only at the penultimate
stage. Thus, there is less evidence for an association between
immunisation completeness and socioeconomic status, compared to
immunisation completeness and ethnicity/religion, based on a more

dispersed pattern of agglomeration-by-rank. Figure 4 shows similar
results for regional-level participation in child immunisation
campaigns.

In sum, a noteworthy finding that emerged from comparison of the
all the dendrograms from the seven regional-level factors was the
heterogeneity of clustering at each stage of analysis.

0 5 10 15 il 3
1 1 | I 1
Uppe et 'J Region:
Asharti 3 Rank(1= best)
For complete
Upper_Eagt child immunization
Brong_#hafo 1
Variables:
Vota 5 Child vaccinated as part of-

> November 2006 campaign
Western November 2007 campaign

Northem 10)
Eastem 7
Greater_Accra BJ
Central

Regions with 90%+ completechild immunization

Figure 4: Cluster analysis with regions as cases, dendrogram for
participation in child vaccination campaigns.

Discussion

From the standpoint of the regional-level factors available in this
study, the two PDRs do not closely share characteristics that might
explain their PD status.

Before discussing these findings and implications, some attention to
study limitations is helpful. Two practical limitations in variable
selection and in level of analysis were related to the source of the study
data. The author used existing data collected by the Ghana Statistical
Service [38] in the 2008 DHS of a sample of nationally representative
households. These data had only limited coverage of the many factors
potentially influencing immunisation coverage. Further, the dataset
permits analysis at the individual, regional and national levels, but not
the district level within regions, obviating the possibility of district-
level analyses or generalisation to lower levels of analysis than might
have been more informative. Still, as the research question indicates,
such generalisation is not attempted in this study. A final caveat
concerns the way the multiple indicators of regional-level factors were
treated. They were used as indicators of unmeasured constructs.
Variability due to each indicator’s association with the immunization
outcome variable is lost with this method.

The clearest example of how this might be problematic is the factor
‘participation in child vaccination campaigns, with two indicators:
participation in the 2006 campaign and participation in the 2007
campaign. As the data in Table 1 show, participation rates in the two
campaigns varied greatly in all regions. Thus, the low participation rate
in the 2006 campaign may have in some way cancelled out the effects
of the higher participation rate in the 2007 campaign. An alternative
approach might have been to analyse each indicator in its own cluster
analysis (No. of analyses=30). Yet this would carry the threat of
inflating the probability of finding significant associations, compared
to the method used (No. of analyses=7).
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Turning to the discussion of the findings, the 2003 GDHS reported
child immunisation coverage of 79.0% for Brong-Ahafo and 60.3% for
Upper-West [41]. The present analysis of the GDHS data indicates
large increases in coverage to over 90% for these two regions, which are
thereby designated as PDRs in the present study. Some kinds of
activities and developments during the intervening decade obviously
contributed to these positive changes: were they the same factors in
both PDRs or different?

Of the seven factors studied, three have a focus that seem more
proximal to immunisation coverage (health care services, access and
use) and four seem more distal. Starting with most proximal factors,
this study did not find that high participation in public health child
vaccination campaigns was uniquely common to the PDRs (Figure 4).
The 2007 campaign had much better reach than did the 2006
campaign. Interestingly, the number 1 ranked region in the 2007
campaign, Central, was only ranked ninth in immunisation
completeness. However important national immunisation campaigns
might be, they do not explain why the PDRs have the most exemplary
immunisation results. This sheds a bit more light to a small and
confusing literature. No other closely comparable studies are available,
but two other ecological analyses are available, one at the district level
[36] and one at the national level in Sub-Saharan Africa [34]. At the
district level in Burkina Faso, Haddad, et al. [36] also found little
evidence for the impact of campaigns. Naimoli et al. [34] on the other
hand observed that their two PD nations (Ghana and Rwanda) were
distinguished from the other countries by their ‘robust
implementation of their immunisation programmes. This is intriguing,
since at the national level in Ghana there is some evidence for the
effectiveness of programmes that include campaigns [34] while in this
study, there is no corollary evidence at the regional level in Ghana.
However, the Naimoli et al. study did not separate immunisation
campaigns from other parts of the Ghana immunisation programme
(such as management and financing). The present study had no
measures of such functions due to data limitations. The two studies,
then, are actually not closely comparable.

Moving to the four factors that are likely more distal in impact on
immunisation completeness, religious/ethnic affiliations do not explain
why the PDRs are uniquely high on complete child immunisation. This
seems a puzzle, since in several prior studies religious affiliation has
been shown to be positively associated with children's immunisation
status [26,29]. Thus, it is prudent to hold open the possibility that
anther research methodology, which might preserve the substantial
heterogeneity in these data, might illuminate associations with
immunisation that are not evident in the present findings.

Moving on, one expects socio-economic status to correlate
positively with complete child immunisation [28-29,32]. Yet at the
regional level in Ghana, this relationship does not hold. The PDRs
ranked poorly on many of the nine indicators of socio-economic
status. At the same time, the wealthiest region - Greater Accra -
ranked only eighth on immunisation completeness. It is almost a
truism in public health that the degree of risk factor at one level of
analysis cannot necessarily be expected at another level of analysis (the
ecological fallacy). This study provides further evidence in support of
this cautious position.

Further evidence for the heterogeneity of the two PDRs was
obtained in the analyses of maternal health literacy and of maternal
decision latitude. This returns the discussion to a theme taken up
earlier. The factor indictors were selected due to their face validity as
reasonable gauges of the construct under consideration. Different and

perhaps more coherent factor structures might have emerged from a
quantitative factor analysis. Yet that was not the strategy of this paper,
which was restricted by the small analysis n. This is an issue relegated
to future exploration, for example using newer DHS data from
countries with district-level data and thereby having much larger
sample sizes.

Conclusions

The heterogeneity exhibited by the two PDRs is actually reason for
optimism, suggesting that even the poorest regions in the South, with
disparate characteristics and social situations, can achieve excellent
child immunisation coverage. It may be that nation-wide ‘one-size-fits-
all’ government campaigns to encourage child immunisation should be
supplemented, or even replaced, by small area, targeted efforts fit-to-
purpose and fit-to-local-conditions. To support this, intensive small
area studies are needed, to illuminate success factors in areas that have
achieved laudable immunisation coverage. This study was undertaken
at a regional level of analysis, but sub-regional levels, such as districts,
townships or even villages, may provide information that is even more
sensitive to local conditions and local success factors. This implies a
more resource-intensive approach to achieve complete child
immunisation, which may be unescapable if coverage is to be
significantly improved. A key conclusion is that locally anchored
research that is sensitive to social context should be a priority, focused
on the role of local variation in the implementation of more effective
immunisation policy. How can immunisation efforts be better fitted to
specific communities, how can local demand for vaccination be
stimulated, how can innovative management practices improve
coverage in hard-to-reach segments in the community, and how can
paediatric public health succeed even in the face of unsettled and
impoverished local social conditions and resource scarcity [35-40]?.
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