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Abstract

Background. The aim of this study was to identify the frequently diagnosed pediatric diseases in the Volta Region
of Ghana, as well as to examine the burden of these diseases. The top pediatric diseases that were frequently
diagnosed were malaria, gastroenteritis, systemic infection, anemia, pneumonia, and respiratory tract infection.
Methods. Clearance was obtained from the Volta Regional Directorate of the Ghana Health Service to collect
primary data on pediatric hospitalizations in the major hospitals in the Region. Diseases with more than 1000
recorded cases of hospitalizations were considered among the top frequently diagnosed childhood morbidities.
Results. The data suggest that the Northern sector had different seasonal patterns of recorded diagnosed pediatric
cases compared with the Central and Southern sectors, which had similar patterns of the reported diseases. Most
of the pediatric diseases in the Volta Region were more prevalent during the dry seasons compared with the rainy
seasons and resulting in seasonal patterns of hospitalizations. Conclusion. Although the frequently diagnosed pediatric
diseases can be prevented and/or treated, many children are hospitalized, with a proportion of them dying. It is,
therefore, important that efforts are made to reduce the burden of pediatric hospitalization.
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Introduction 2010.2 Also, the United Nation in Ghana has reported
that the country has experienced a decline in child mor-
tality rate from 155 deaths per 1000 live births in 1990
to 60 per 1000 live births in 2014, representing 58%
reduction in child mortality.*

Although much progress has been made to reduce
global child mortality and morbidity, a great deal of
effort is needed to achieve the MDG4, since a signifi-
cant number of children still die before age 5.7 Out of 6.3
million under-5 deaths recorded in 2013, 3.27 million
were as a result of infectious diseases, with the
occurrence of 2.76 million deaths within the neonatal

The levels and trends in child mortality report published
by the United Nation International Children’s Emergency
Fund in 2017 indicated that about 7000 new born babies
died every day in 2016." The launch of the Global
Millennium Development Goal 4 (MDG4) in the year
2000, which was aimed at reducing child mortality by
two thirds in the period between 1990 and 2015, has led
to reduction in child mortality and morbidity worldwide.
Globally, pediatric mortality has declined from 90.6
deaths per 1000 live births in 1990 to 42.5 in 2015.> The
World Bank report in 2016 has also shown that global
child mortality rate declined by 56% from 93 deaths per
1000 live births to 41 deaths per 1000 live births. A pre-
vious report by the African Development Bank has ) )
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period.” In SSA, about 1 in 13 children die before reach-
ing age 5, whereas in developed countries, the ratio is 1
in 189." Previous reports have shown that out of 10.8
million global child mortalities estimated in 2000, 41%
occurred in SSA and 34% in Southeast Asia.® There
have been changes in the patterns and levels of child
mortality and morbidity across countries in the world;
for instance, in 2013, global child mortality ranged from
2.3 to 152.5 per 1000 live births between Singapore and
Guinea Bissau, respectively.’

Malnutrition and frequent exposure to infectious
agents have been strongly linked to child mortality.' In
developing countries in Africa, 20% of children below 5
years are malnourished,® and coupled with exposure to
disease-causing pathogens, the morbidity and mortality
of children are significantly high.®

Despite the existence of modern technologies and
improved health care systems, children are still the most
vulnerable to the leading causes of mortality, which are
neonatal developmental disorders and infectious diseases.’
A Child Health report published by the UN Inter-Agency
Group for Child Mortality Estimation in 2013 indicated
that pneumonia, preterm birth complications, intrapartum-
related complications, diarrhea, and malaria contributed
17%, 15%, 10%, 9%, and 7%, respectively, to child mor-
tality and morbidity."

Africa is continuously burdened with under-5 deaths
resulting from infectious diseases such as pneumonia,
diarrhea, malaria, HIV, measles, and other causes.'
Studies that have evaluated trends in child mortality and
morbidity in Ghana suggest that malnutrition, malaria,
diarrhea, pneumonia, HIV/AIDS, septicemia, measles,
anemia, injuries, and neonatal disorders are the leading
causes of death and morbidity among children.'>"
However, these studies have been limited to 1 or 2 hos-
pitals and do not give an extensive report of the trends of
the causes of childhood morbidity and mortality. There
is, therefore, the need for a more comprehensive evalua-
tion that spans more study sites, to give a better estimate
of the causes of childhood mortality and morbidity in
Ghana. This study was designed to evaluate the leading
causes of childhood morbidity in the Volta Region of
Ghana.

Methods

Pediatric diagnoses data were obtained from 23 major
hospitals across the Volta Region of Ghana. The health
centers provide primary, secondary, and/or tertiary
health care services, which include general and special-
ized medicine, surgery, dentistry, and radiology among
other services. The Volta Region of Ghana stretches
from the upper part of the country to the lower part

(Figure 1) and has different vegetation and climate
zones. Transmission of major diseases such as malaria
are influenced by vegetation and climate.'*"'® The region
was, therefore, separated into 3 main sectors based on
geographical location, as well as climate and vegetation:
Northern (savanna or Guinea savanna), Central (semi-
deciduous forest zone and savanna woodland forest veg-
etation), and Southern (mangrove swamps, adjoining
arid coastal plains, and coastal forest vegetation)."

The patients considered for this study were children
who were 5 years old and younger and were hospitalized
in 1 of the 23 hospitals at the study site. The hospital
diagnoses data from the records of the hospitals were
analyzed to identify the frequently diagnosed disease
conditions, and the conditions with more than 1000
patients were considered as frequently diagnosed pedi-
atric conditions and selected for further analysis. The
data for the study were obtained from the District Health
Information Management System (DHIMS) II database
in Microsoft Excel format and analyzed with IBM SPSS
version 20 and GraphPad Prism 6. Frequency distribu-
tion, means, and percentages were used to compare the
age groups, gender, hospitals, and hospitalization out-
comes. Stacked column graphs were used to analyze the
monthly distributions and pattern of hospitalization for
the frequently diagnosed diseases. One-way analysis of
variance and Tukey’s multiple comparisons test were
used to compare the yearly hospitalizations from 2012
to 2014 for all the frequently diagnosed diseases, and P
values less than .05 (95% confidence level) were consid-
ered statistically significant.

Ethical Approval and Informed Consent

Ethical approval and informed consent were not needed
for the study. This was because the study posed no
known risk since the data collected were in the noniden-
tifiable form and the patients cannot be reidentified, and
the data were part of the routine health services provided
by the hospitals. The data sets used for the study were
hospital records data that had nothing to do with patient
identity or contact. In addition, administrative clearance
was obtained from the Volta Regional Directorate of the
Ghana Health Services to collect pediatric diagnoses
data from 23 major hospitals across the Region.

Results

The study reviewed hospital diagnosis data from the
DHIMS 11 database for 36 892 children aged 5 years and
younger, who reported to the 23 hospitals in the Volta
Region of Ghana (Table S1, available online). Out of the
36892 children, 20158 were males and 16734 were
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Figure |. Districts in the Volta Region of Ghana captured in the study. Adopted from Ghana Broadcasting Cooperation

(GBG; https://www.gbcghana.com/1.11022657).

females (Table S2, available online). We analyzed a total
of 58 diagnosed diseases over the period of 3 years
(2012-2014; Table S1). The frequently diagnosed dis-
eases that resulted in at least 1000 hospitalization in the
Region over the 3-year period were malaria, gastroen-
teritis, systemic infection, anemia, pneumonia, and
respiratory tract infection (RTI), which sum up to a total
of 31838 hospitalizations (Table 1). Out of the 31838
hospitalizations, a total of 12638 hospitalizations were
recorded in Southern sector of the Volta Region, 14402
in the Central sector, and 4798 in Northern sector
(Table S3, available online). There was a sharp increase
in the number of hospitalizations from age 0 to 1 year,
and a gradual decrease from age 1 to 5 years (Table S2).
Overall, the frequently diagnosed diseases contributed
between 1.0% and 1.2% deaths in children of 5 years
and younger in each of the 3 sectors in the Volta Region
of Ghana (Table 1).

There was no statistically significant difference in the
yearly number of malaria cases diagnosed in the
Northern and Central sectors across the 3 years investi-
gated (Figure 2A and B). However, the diagnosed
malaria cases increased significantly from 2012 to 2014

in the Southern sector (P value of .0331), with 2014
recording the highest number of cases (Figure 2C). The
first and fourth quarters of the years (dry seasons) had
the highest number of malaria diagnoses in the Northern
sector of the Volta Region (Figure 2D), whereas the sec-
ond and third quarters (rainy season) had the highest
number of malaria diagnoses in the Southern and Central
sectors of the Region (Figure 2E and F).

The yearly analyses of the hospitalization data did
not show any significant difference in the monthly aver-
age number of gastroenteritis from 2012 to 2014.
Although there was no significance difference in the
monthly averages, a trend was observed in that the
Central and Southern sectors recorded the highest aver-
age number of cases in 2013 (Figure 3A-C). There were
higher number of gastroenteritis cases diagnosed in the
dry season than in the wet season in the Northern sector
of the Volta Region (Figure 3D), whereas the Central
and Southern sectors had similar numbers in both sea-
sons (Figure 3E and F).

There was also no statistically significant difference
in the monthly average number of systemic infection
cases from 2012 to 2014 in the Northern sector of the
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Figure 2. Pattern of malaria diagnoses in the Volta Region: the variation in the annual diagnosis of malaria in the Northern
(A), Central (B), and Southern (C) sectors were analyzed using |-way analysis of variance. The significance levels are
represented as *¥<.5, ¥*< |, ¥*< 01, respectively. The monthly patterns of malaria diagnoses from 2012 to 2014 are
represented in stacked bar graphs: (D) Northern, (E) Central, and (F) Southern sectors.

Volta Region (Figure 4A), but the average number of
cases recorded in the Central and Southern sectors in
2013 were significantly different (with P values of .0001
and .0002) for the Central and Southern sectors, respec-
tively, when compared with the average number of cases
in 2012 and 2014 (Figure 4B and C). There is relatively
similar number of diagnosis of systemic infections in the
Central and Southern sectors during both the dry and
rainy seasons, but the diagnoses in the Northern sector
increased and decreased in the dry and rainy seasons,
respectively (Figure 4D-F).

The yearly analysis of the monthly average number
of anemia cases showed no statistically significant dif-
ferences in the 3 sectors (Figure 5A-C). The highest
number of anemia cases were recorded between the sec-
ond and third quarters of the year (rainy season) for all
the 3 sectors (Figure 5D-F).

The monthly average number of pneumonia diagno-
ses did not show statistically significant difference from

2012 to 2014 in the Northern and Central sectors, but a
significant difference was observed between 2012 and
2013 in the Southern sector with a P value of .01 (Figure
6A-C). Even though the seasonality was not well
defined, there were more diagnoses of pneumonia cases
in the dry season than in the rainy season for all the 3
sectors in the Volta Region (Figure 6D-F).

There was no statistically significant difference in the
monthly average number of diagnoses of RTI from 2012
to 2014 in all the 3 sectors (Figure 7A-C), and no clear
seasonality pattern was observed for the diagnoses of
the infection in the 3 sectors, even though there were
higher diagnoses in the dry season in the Northern sector
(Figure 7D-F).

Discussion

Although improved health facilities and life-saving
interventions are currently available in most parts of the
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Figure 3. Pattern of reported gastroenteritis diagnosis in the Volta Region: the variation in the annual diagnosis of
gastroenteritis in the Northern (A), Central (B), and Southern (C) sectors were analyzed using |-way analysis of variance. The
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world, the global burden of child mortality and morbid-
ity remains a global concern.”’ Effective prevention and
control of diseases rely on data on the disease trends,
factors responsible for these trends, and how the disease
trends vary across different regions.”! However, the lack
of common methods for data collection makes it diffi-
cult to evaluate disease burden.”? Comprehensive reports
on disease patterns and frequency are important in the
control of diseases, as well as the decision-making
and planning processes of health sectors of countries.'?
As such, our study sought to evaluate the pattern of fre-
quently diagnosed morbidities responsible for pediatric
hospitalization in the Volta Region of Ghana.

The data showed that the Southern sector of the
Volta Region had a higher number of pediatric hospital-
izations compared with the Central and Northern sec-
tors of the region. The high number of hospitalizations
in the Southern sector could be due to higher population
density® and the presence of a greater number of hospi-
tals compared with the other 2 sectors (Table S1).** In

addition, there are less rural dwellers in the Southern
sector compared with the Central and Northern sectors,
which reflected in the smaller rural to urban ratio
recorded in the South.” The health care—seeking behav-
ior of Ghanaians has been found to be tightly shaped by
the level of education of individuals.” This implies that
urban dwellers of the Southern sector are likely to report
to hospitals more frequently than their rural counterparts
of the Central and Northern sectors, who tend to resort
to traditional medicine. This is in line with a study that
found that low-income households as well as individuals
with low level of education often adopt alternative med-
icine to cater for their health needs.”®

From our analysis, the number of hospitalizations
decreased with increasing age, with children aged 1 year
having the highest number of hospitalizations compared
with other age groups. The low number of hospitaliza-
tions in children below the age of 1 year could be due to
passive immunity conferred on them by their mothers,
and children aged more than 1 year gradually develops
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acquired immunity to infections, and this could account
for the reduction in the number of hospitalizations with
increasing age.”’

Malaria was the most diagnosed disease among chil-
dren hospitalized in the hospitals used in this study
between 2012 and 2014, and this observation was con-
sistent with recent reports on the burden of the disease.”®
Among children less than 5 years globally, malaria mor-
tality has reduced from 14.4% to 0.6% between the
years 2000 and 2012.% In Ghana, there has been a gen-
eral reduction in malaria reported cases for all ages from
about 50% in 2012 to 20.4% in 2016°**’; however, the
pediatric diagnoses in the Volta Region of Ghana, which
is reported in this study, suggest otherwise. Although
there was no significant difference in the yearly malaria
cases recorded from 2012 to 2014 in Northern and
Central parts of the Volta Region, there was a statisti-
cally significant increase in the number of malaria cases
within the same period in the Southern sector of the

Region. There are 2 major malaria transmission seasons
in Ghana, high and low, which corresponds to the rainy
and dry seasons, respectively.’! In our current study,
however, the Northern sector, which has savanna vege-
tation,” reported higher number of malaria cases in dry
seasons compared with raining seasons. A different
trend was, however, observed in the Central and
Southern sectors®® where higher malaria cases were
reported in the raining seasons.

Gastroenteritis was the second most common cause of
hospitalization among children from the Volta Region.
This corroborates with a study that indicated that diar-
rheal diseases constitute a large proportion of the child-
hood morbidity and mortality in resource-poor areas.”
There was, however, no statistically significant differ-
ence between the yearly gastroenteritis cases record from
2012 to 2014, although analysis of the monthly distribu-
tion revealed an increase in reported cases during the dry
seasons. Similar findings of increased gastroenteritis in
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the dry season have been reported in Navrongo, Ghana,**
and Ouagadougou, Burkina Faso.” The increase in the
number of gastroenteritis diagnosed during the dry sea-
sons is probably due to rotavirus infection, which have
been shown to peak in the dry season.’

A significantly higher number of systemic infections
were recorded in the Central and Southern parts of the
Volta Region in 2013 compared with 2012 and 2014.
Majority of the systemic infections were diagnosed as
sepsis, bacteremia, shigellosis, and salmonella infec-
tions. In a study that was conducted in Ghana,
Staphylococcus epidermidis was identified as the most
common isolate in culture-proven sepsis, with a preva-
lence of 17.3%.*” In other studies, however, nontyphoid
salmonellae were identified as the most frequent sys-
temic infections followed by Streptococcus aureus and
Streptococcus pneumoniae.”®** The high number of sys-
temic infection cases during the dry seasons compared
with wet seasons may be due to frequent exposure of
children to pathogens during dry seasons.*"*!

Anemia in children continue to be a major public
health disease42; and from this study;, it is the fourth most

commonly diagnosed condition in childhood hospital-
ization in the Volta Region of Ghana, occurring all year
round in the Northern sector but seasonal in the Central
and Southern sectors. A major cause of anemia in Ghana
is poor nutrition,* and the Northern sector of the Volta
Region is inhabited by poor rural dwellers who often
have nutritional problems,” and hence the all year round
report of anemia in this sector. The seasonality observed
in the diagnoses of anemia in the Central and Southern
sectors might be due to malaria cases reported during
the 2 different malaria transmission seasons (high and
low) in Ghana. Malaria has been shown to strongly cor-
relate with the burden of anemia* and supports the pat-
terns of malaria and anemia in the Central and Southern
sectors in our study.

Pneumonia and RTT have previously been reported as
leading causes of under-5 mortality and morbidity glob-
ally* and in Ghana,*® which is in line with findings of
this study. Majority of the 2 diseases were diagnosed in
the first and second quarters of the year in the Northern
part of the Region, whereas majority of the cases were
diagnosed in the third and fourth quarters of the year in
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the Central and Southern parts of the Volta Region.
Similar to the Central and Southern parts of the Volta
Region, the Greater Accra Region (found at the coastal
belt of Ghana) had higher RTI reported cases during the
mid-wet season (June to December), which appears to
be the period of seasonal circulation of human respira-
tory syncytial virus.*’

Although the management and treatment of pediatric
diseases in Ghana is largely effective, there are still
modest efforts by the Ministry of Health to improve the
quality of health care delivery in the country.*®* It is
encouraging to note that the two most frequently diag-
nosed pediatric diseases, malaria and gastroenteritis,
had the lowest percentage mortality.

Conclusion

In summary, the frequently diagnosed pediatric disease
in the Volta Region of Ghana were identified as malaria,

gastroenteritis, systemic infection, anemia, pneumonia,
and RTT. There was an increase in the number of malaria-
diagnosed cases from 2012 to 2014 in the Southern sec-
tor of the Volta Region, which was contrary to what has
been observed globally. A seasonal pattern of gastroen-
teritis hospitalization was found in the Region, with
majority of the cases recorded in the dry seasons. In the
year 2013, there was a significant increase in the number
of systemic infections in the Central and Southern Volta
compared with 2012 and 2014 with the highest number
of hospitalizations recorded in the dry season.

The study results indicated that most children are hos-
pitalized during the dry season and suggesting seasonal
trends that can be exploited to fight pediatric morbidity
and mortality. The pattern of pediatric hospitalizations in
the Northern sector of the Volta Region were different
from the patterns observed in the Central and Southern
sectors of the Region. The data from this study suggest
that even though there may be general global or national
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trends in diseases that cause childhood mortality, pecu-
liar disease information within smaller geographical
locations are needed for the implementation of specific
interventions.

Author Contributions

SMA: Contributed to conception and design; contributed to
acquisition, analysis, and interpretation; drafted manuscript;
critically revised manuscript; gave final approval; agrees to be
accountable for all aspects of work ensuring integrity and
accuracy.

RA: Contributed to acquisition and analysis; drafted manu-
script; critically revised manuscript; gave final approval;
agrees to be accountable for all aspects of work ensuring integ-
rity and accuracy.

SL: Contributed to analysis and interpretation; critically
revised manuscript; gave final approval; agrees to be account-
able for all aspects of work ensuring integrity and accuracy.
DQ: Contributed to acquisition and analysis; drafted manu-
script; critically revised manuscript; gave final approval; agrees

to be accountable for all aspects of work ensuring integrity and
accuracy.

OQ: Contributed to conception and design; contributed to
acquisition, analysis, and interpretation; drafted manuscript;
critically revised manuscript; gave final approval; agrees to be
accountable for all aspects of work ensuring integrity and
accuracy.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iD

Osbourne Quaye https://orcid.org/0000-0002-0621-876X


https://orcid.org/0000-0002-0621-876X

Adadey et al

Supplemental Material

Supplemental material for this article is available online.

References

1.

10.

11.

UNICEF. Levels and trends in child mortality. https://
data.unicef.org/resources/levels-trends-child-mortal-
ity/. Published October 2017. Accessed November 5,
2019.

. You D, Hug L, Ejdemyr S, et al; United Nations Inter-

agency Group for Child Mortality Estimation. Global,
regional, and national levels and trends in under-5 mor-
tality between 1990 and 2015, with scenario-based
projections to 2030: a systematic analysis by the UN
Inter-Agency Group for Child Mortality Estimation.
Lancet. 2015;386:2275-2286.

. African Development Bank. Rapid child mortality

decline in Sub-Saharan Africa. https://www.afdb.org/en/
news-and-events/rapid-child-mortality-decline-in-sub-
saharan-africa-9480/. Published July 10, 2012. Accessed
November 5 2019.

. United Nations in Ghana. The SDGs in Ghana: why they

matter & how we can help. http://gh.one.un.org/content/
unct/ghana/en/home/global-agenda-in-ghana/millen-
nium-development-goals/mdg-4-reduce-child-mortality.
html. Accessed November 5, 2019.

. Liu L, Oza S, Hogan D, et al. Global, regional, and

national causes of child mortality in 2000-13, with projec-
tions to inform post-2015 priorities: an updated system-
atic analysis. Lancet. 2015;385:430-440.

. Black RE, Morris SS, Bryce J. Where and why are 10 mil-

lion children dying every year? Lancet. 2003;361:2226-
2234.

. Wang H, Liddell CA, Coates MM, et al. Global, regional,

and national levels of neonatal, infant, and under-5 mor-
tality during 1990-2013: a systematic analysis for the
Global Burden of Disease Study 2013. Lancet. 2014;384:
957-979.

. Walton E, Allen S. Malnutrition in developing countries.

Paediatr Child Health. 2011;21:418-424.

. Jones G, Steketee RW, Black RE, Bhutta ZA, Morris

SS; Bellagio Child Survival Study Group. How many
child deaths can we prevent this year? Lancet. 2003;362:
65-71.

UNICEF; World Health Organization; World Bank;
UN-DESA Population Division. Levels and trends in
child mortality. http://www.who.int/maternal child ado-
lescent/documents/levels_trends_child _mortality 2013/
en/. Published 2013. Accessed November 4, 2019.

Reid AE, Hendricks MK, Groenewald P, Bradshaw D.
Where do children die and what are the causes? Under-5
deaths in the Metro West geographical service area
of the Western Cape, South Africa, 2011. S Afir Med J.
2016;106:51.

. Tette EM, Neizer M, Nyarko MY, Sifah EK, Nartey ET,

Donkor ES. Changing patterns of disease and mortality
at the Children’s Hospital, Accra: are infections rising?
PL0S One. 2016;11:e0150387.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Asamoah A, Ameme DK, Sackey SO, Nyarko KM, Afari
EA. Diarrhoea morbidity patterns in Central Region of
Ghana. Pan Afr Med J. 2016;25(suppl 1):17.

Reither K, Ignatius R, Weitzel T, et al. Acute childhood
diarrhoea in northern Ghana: epidemiological, clini-
cal and microbiological characteristics. BMC Infect Dis.
2007;7:104.

Dery DB, Brown C, Asante KP, et al. Patterns and sea-
sonality of malaria transmission in the forest-savannah
transitional zones of Ghana. Malar J. 2010;9:314.
Appawu M, Owusu-Agyei S, Dadzie S, et al. Malaria
transmission dynamics at a site in northern Ghana pro-
posed for testing malaria vaccines. Trop Med Int Health.
2004;9:164-170.

Owusu-Agyei S, Asante KP, Adjuik M, et al
Epidemiology of malaria in the forest-savanna transitional
zone of Ghana. Malar J. 2009;8:220.

Bowyer PW, Stewart LB, Aspeling-Jones H, et al.
Variation in Plasmodium falciparum erythrocyte invasion
phenotypes and merozoite ligand gene expression across
different populations in areas of malaria endemicity.
Infect Immun. 2015;83:2575-2582.

Ghana Tourism Authority. Facts and figures—Volta
region at a glance. http://www.ghana.travel/places-to-
visit/regions/volta/. Accessed November 5, 2019.

Victora CG. Causes of child deaths: looking to the future.
Lancet. 2015;385:398-399.

Priiss-Ustiin A, Wolf J, Corvalan C, Bos R, Neira M.
Preventing Disease Through Healthy Environments:
A Global Assessment of the Burden of Disease From
Environmental Risks. Geneva, Switzerland: World Health
Organization; 2016.

Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray
ClJ. Global and regional burden of disease and risk fac-
tors, 2001: systematic analysis of population health data.
Lancet. 2006;,367:1747-1757.

Yeboah MK, Okantey A, Tawiah ENO. 2010 Population
and Housing Census, Volta Region. Regional Analytical
Report. Accra, Ghana: Ghana Statistical Service; 2013:
24-89.

Ghana Hospitals. List of hospitals in the Volta Region of
Ghana.  http://www.ghanahospitals.org/regions/region-
list.php?sel=ownership&page=government&r=volta.
Accessed November 5, 2019.

Addai I. Determinants of use of maternal-child health ser-
vices in rural Ghana. J Biosoc Sci. 2000;32:1-15.
Kuunibe N, Domanban PB. Demand for complementary
and alternative medicine in Ghana. Int J Humanit Soc Sci.
2012;2:288-294.

Adadey SM, Quaye O. The burden of gastroenteritis in the
post-rotavirus vaccine era in Ghana: a hospital diagnoses-
based study. Int J Med Res Health Sci. 2017;6:45-49.
Owusu ED, Brown CA, Grobusch MP, Mens P. Prevalence
of Plasmodium falciparum and non—P falciparum infec-
tions in a highland district in Ghana, and the influence of
HIV and sickle cell disease. Malar J. 2017;16:167.
Awine T, Malm K, Bart-Plange C, Silal SP. Towards
malaria control and elimination in Ghana: challenges and


https://data.unicef.org/resources/levels-trends-child-mortality/
https://data.unicef.org/resources/levels-trends-child-mortality/
https://data.unicef.org/resources/levels-trends-child-mortality/
https://www.afdb.org/en/news-and-events/rapid-child-mortality-decline-in-sub-saharan-africa-9480/
https://www.afdb.org/en/news-and-events/rapid-child-mortality-decline-in-sub-saharan-africa-9480/
https://www.afdb.org/en/news-and-events/rapid-child-mortality-decline-in-sub-saharan-africa-9480/
http://gh.one.un.org/content/unct/ghana/en/home/global-agenda-in-ghana/millennium-development-goals/mdg-4-reduce-child-mortality.html
http://gh.one.un.org/content/unct/ghana/en/home/global-agenda-in-ghana/millennium-development-goals/mdg-4-reduce-child-mortality.html
http://gh.one.un.org/content/unct/ghana/en/home/global-agenda-in-ghana/millennium-development-goals/mdg-4-reduce-child-mortality.html
http://gh.one.un.org/content/unct/ghana/en/home/global-agenda-in-ghana/millennium-development-goals/mdg-4-reduce-child-mortality.html
http://www.who.int/maternal_child_adolescent/documents/levels_trends_child_mortality_2013/en/
http://www.who.int/maternal_child_adolescent/documents/levels_trends_child_mortality_2013/en/
http://www.who.int/maternal_child_adolescent/documents/levels_trends_child_mortality_2013/en/
http://www.ghana.travel/places-to-visit/regions/volta/
http://www.ghana.travel/places-to-visit/regions/volta/
http://www.ghanahospitals.org/regions/regionlist.php?sel=ownership&page=government&r=volta
http://www.ghanahospitals.org/regions/regionlist.php?sel=ownership&page=government&r=volta

Global Pediatric Health

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

decision making tools to guide planning. Glob Health
Action. 2017;10:1381471.

Addo C. Ghana records tremendous drop in malaria cases
and deaths, but . . . https://www.ghanabusinessnews.
com/2017/12/05/ghana-records-tremendous-drop-in-
malaria-cases-and-deaths-but/. Published December 5,
2017. Accessed November 5, 2019.

Kusi K, Manu E, Gwira TM, et al. Variations in the qual-
ity of malaria-specific antibodies with transmission inten-
sity in a seasonal malaria transmission area of Northern
Ghana. PLoS One. 2017;12:¢0185303.

Hall JB, Swaine M. Distribution and Ecology of Vascular
Plants in a Tropical Rain Forest: Forest Vegetation in
Ghana. Dordrecht, Netherlands: Springer; 2013:12-20.
Krumkamp R, Sarpong N, Schwarz NG, et al.
Gastrointestinal infections and diarrheal disease in
Ghanaian infants and children: an outpatient case-control
study. PLoS Negl Trop Dis. 2015;9:¢0003568.

Binka FN, Anto FK, Oduro AR, et al; Navrongo Rotavirus
Research Group. Incidence and risk factors of paediat-
ric rotavirus diarrhoea in northern Ghana. Trop Med Int
Health. 2003;8:840-846.

Ouedraogo N, Ngangas SMT, Bonkoungou 1JO, et al.
Temporal distribution of gastroenteritis viruses in
Ouagadougou, Burkina Faso: seasonality of rotavirus.
BMC Public Health. 2017;17:274.

Nitiema LW, Nordgren J, Ouermi D, et al. Burden of
rotavirus and other enteropathogens among children
with diarrhea in Burkina Faso. /nt J Infect Dis. 2011;15:
e646-e652.

Aku FY. Antibiotic Susceptibility Pattern of Blood Culture
Isolates of Neonates with Sepsis, Ho Municipality [thesis].
Accra, Ghana: University of Ghana; 2016:49-75.

Nielsen MV, Amemasor S, Agyekum A, etal. Clinical indi-
cators for bacterial co-infection in Ghanaian children with
P falciparum infection. PLoS One. 2015;10:¢0122139.
Nielsen MV, Sarpong N, Krumkamp R, et al. Incidence
and characteristics of bacteremia among children in rural
Ghana. PLoS One. 2012;7:¢44063.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Armah GE, Mingle JA, Dodoo AK, et al. Seasonality
of rotavirus infection in Ghana. Ann Trop Paediatr.
1994;14:223-229.

Compassion. Ghana. https://www.compassion.com/ghana
/gold-coast.htm. Published 2017. Accessed November 5,
2019.

Ewusie JE, Ahiadeke C, Beyene J, Hamid JS. Prevalence
of anemia among under-5 children in the Ghanaian popu-
lation: estimates from the Ghana demographic and health
survey. BMC Public Health. 2014;14:626.

Kotey A. The Causes of Anaemia in Agogo, Ashanti
Region, Ghana [thesis]. Kumasi, Ghana: Kwame
Nkrumah University of Science and Technology; 2012.
VanBuskirk KM, Ofosu A, Kennedy A, Denno DM.
Pediatric anemia in rural Ghana: a cross-sectional study of
prevalence and risk factors. J Trop Pediatr. 2014;60:308-317.
Shi T, McAllister DA, O’Brien KL, et al. Global, regional,
and national disease burden estimates of acute lower
respiratory infections due to respiratory syncytial virus in
young children in 2015: a systematic review and model-
ling study. Lancet. 2017;390:946-958.

GhanaWeb. Pneumonia, leading cause of under-five mor-
tality. https://www.ghanaweb.com/GhanaHomePage/News
Archive/Pneumonia-leading-cause-of-under-five-mortality
-GHS-240802#. Published June 2, 2012. Accessed November
5,2019.

Obodai E, Odoom JK, Adiku T, et al. The significance
of human respiratory syncytial virus (HRSV) in children
from Ghana with acute lower respiratory tract infection: a
molecular epidemiological analysis, 2006 and 2013-2014.
PLoS One. 2018;13:¢0203788.

Graphic Online. New strategy for quality health care for
Ghana. https://www.graphic.com.gh/features/features/new-
strategy-for-quality-health-care-for-ghana.html. Published
December 10, 2016. Accessed November 5, 2019.

Ministry of Health. Ghana National Healthcare Quality
Strategy (2017-2021). http://www.moh.gov.gh/wp-content/
uploads/2017/06/National20Quality20Strategy20Ghana.pdf.
Published December 2016. Accessed November 5, 2019.


https://www.ghanabusinessnews.com/2017/12/05/ghana-records-tremendous-drop-in-malaria-cases-and-deaths-but/
https://www.ghanabusinessnews.com/2017/12/05/ghana-records-tremendous-drop-in-malaria-cases-and-deaths-but/
https://www.ghanabusinessnews.com/2017/12/05/ghana-records-tremendous-drop-in-malaria-cases-and-deaths-but/
https://www.compassion.com/ghana/gold-coast.htm
https://www.compassion.com/ghana/gold-coast.htm
https://www.ghanaweb.com/GhanaHomePage/NewsArchive/Pneumonia-leading-cause-of-under-five-mortality-GHS-240802#
https://www.ghanaweb.com/GhanaHomePage/NewsArchive/Pneumonia-leading-cause-of-under-five-mortality-GHS-240802#
https://www.ghanaweb.com/GhanaHomePage/NewsArchive/Pneumonia-leading-cause-of-under-five-mortality-GHS-240802#
https://www.graphic.com.gh/features/features/new-strategy-for-quality-health-care-for-ghana.html
https://www.graphic.com.gh/features/features/new-strategy-for-quality-health-care-for-ghana.html
http://www.moh.gov.gh/wp-content/uploads/2017/06/National20Quality20Strategy20Ghana.pdf
http://www.moh.gov.gh/wp-content/uploads/2017/06/National20Quality20Strategy20Ghana.pdf

