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ABSTRACT

Background: Acute respiratory tract infections (ARTIs) of viral origin lead to substantial
morbidity and mortality. Human respiratory syncytial virus (HRSV), human parainfluenza
virus(HPIV), and human Adenoviruses (HAdV) have been frequently identified in the ARTIs.
These viruses have severely threatened young children, the elderly, and immunocompromised
people, causing significant public health burdens and outbreaks. HRSV, HPIV, and HAdV
triggered epidemics vary by geographical location, time, and virus type. The epidemiological
evidence of HRSV, HPIV and HAdV are scarce in Kenya and the East Africa Community (EAC)

region generally.

Objective: This retrospective investigation was conducted to define morbidity burden, estimate
prevalence, and determine socio-demographic, clinical characteristics and climatic factors
associated with HRSV, HPIV and HAdVs infections in Kenya. Besides, it assesses seasonality and
described the spatiotemporal distribution of HRSV, HPIV and HAdVs.

Methods: A retrospective cross-sectional investigation was designed for the study period of 2007
— 2013. Secondary data of influenza-like illness (ILI) participants were gathered from the ILI
surveillance system of Kenya. A convenience sampling strategy was done, ILI participants N=
17,261 from surveillance program of influenza and other respiratory viruses consisted this
investigation target population. Prior, a systematic review and meta-analysis were carried out in
EAC with a particular focus on Kenya for the period of 2007-2020 to pool the prevalence for
HRSV, HPIV and HAdVs. To define morbidity burden, estimate prevalence, and assess
seasonality, an exploratory analysis was performed based on the ILI dataset, followed by a
descriptive analysis. Furthermore, a fitted logistic regression model was applied to determine
significant factors associated with HRSV, HPIV, and HAdV infections. Kulldorff's spatial scan
statistic and geographical information system (GIS) were used to describe HRSV, HPIV and
HAdVs distribution patterns over time and space.
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Results: For the systematic review, a total of 12 studies met the eligibility criteria among the
studies documented from 2007 to 2020. The pooled prevalence was 13% HAdVs, 11% HRSV and
9% HPIV in the EAC partner states with available data.

In Kenya, the ILI surveillance program had eight surveillance sites from January 2007 to
December 2013. The ILI morbidity burden for HRSV was 3.1%, HPIV 5.3%, and HAdV 3.3%.
Infants (OR>1) were more likely to be infected with these viruses compared to other age groups.
The participants’ enrolled in the ILI surveillance system presented with several clinical signs. After
adjusting for age, none of the clinical characteristics, except for fever and cough, were significantly
associated with HRSV, HPIV, and HAdV infections. HRSV exhibited seasonality with high
occurrence in January-March (Odds Ratio [OR] =2.73) and April-June (OR=3.01). Hot land
surface temperature (>40°C) was also associated with HRSV infections (OR=2.75), as was warmer
air temperature (19-22.9°C) (OR=1.68) compared to cooler air temperature (<19°C). Moderate
rainfall (150-200mm) areas had greater odds of HSRV infection (OR=1.32) than low rainfall
(<150mm) areas. HRSV, HPIV, and HAdV cases were distributed in several counties and varied
geographically. The HRSV cases were densely found in Western, and Coastal regions. Whereas,

HPIV and HAdVs were identified in the coastal, central, and western regions.

Furthermore, the three respiratory viruses had local clusters with significant positive
autocorrelation in the Western region of the country with (P<0.05). The primary purely spatial
clusters of HRSV, HPIV and HAdV occurrence were found in the Western region. Besides, the
space-time analysis indicated that HPIV primary cluster persisted in the Western region over the
study period of 2007 to 2013. However, HAdV and HRSV primary clusters were observed in the
Coastal region during 2008-09 and 2009-11 respectively. These results should be interpreted with
caution because they were limited to the time of the study and could not be extrapolated to the
actual population. Nevertheless, this investigation had the capability of including a large sample
size, a lengthy study period, and a broad geographic region covering the entire country. The
findings filled a substantial gap in the understanding of HRSV, HPIV, and HAdV epidemiology,

providing resourceful information for intervention planning.
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Conclusions and recommendations: Based on the systematic review of studies in EAC, the
findings of this investigation indicated that human adenoviruses, human respiratory syncytial virus
and human parainfluenza virus are prevalent in Kenya, Tanzania, and Uganda. These three
respiratory viruses contribute substantially to ARTIs in the EAC partner states with available data,

particularly among those with severe disease and those aged five and above.

However, ILI surveillance in Kenya for HRSV, HPIV, and HAdVs indicated that these three
respiratory viruses contributed to ILI morbidity burden, and infants were significantly affected.
HRSV had a clear seasonal pattern and was associated with climate parameters, contrary to HPIV
and HAdVs in Kenya. Fever, cough and runny nose were at a high proportion among the ILI
participants. Also, the findings of this investigation suggested that the hotspots (clusters) for RSV,
HPIV, and HAdV occurred in the Western and Coastal regions of Kenya from 2007 to 2013. The
Western region appeared more prone to the occurrence of the three respiratory viruses irrespective
of the time.

Continued surveillance for HRSV, HPIV, and HAdVs is recommended to monitor changes in
morbidity caused by these non-influenza respiratory viruses to the population in Kenya. Also, an
event-based surveillance system should be established in the western and Coast regions to capture
the occurrence of HRSV, HPIV, and HAdVs outbreaks. Furthermore, surveillance should include
the population of all age categories with a particular focus on the elderly because there is a shortage
of knowledge relating to this population.
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CHAPTER I: INTRODUCTION

1.1. General background

Respiratory viruses are linked to a significant public health burden and the possibility of outbreaks
or pandemics [1,2]. The world's largest pandemic of respiratory disease occurred in 1918-1920
when the influenza virus spread across the world and killed 50 million people [3]. Currently, the
world is in the midst of a coronavirus disease of 2019 (COVID-19) pandemic caused by the Severe
acute respiratory syndrome coronavirus 2 (SARS-COV-2), a respiratory virus that has infected
172.59 million people and killed 3.66 million people as of May 2021 [4]. Influenza and other
respiratory viruses can be identified in 80%-95% cases of acute respiratory tract infections [5].
Human respiratory syncytial virus (HRSV), human parainfluenza (HPIV), and human
adenoviruses (HAdV) are among the non-influenza respiratory viruses (NIRVs) that are known to
contribute significantly to the burden of acute respiratory infections and cause sporadic outbreaks
[6,7].

HRSV was first identified in a colony of coryza-afflicted chimps in 1956 [8]. Later it was isolated
in infants with respiratory illness, and school-aged children who presented with the antibodies
against HRSV [9,10]. HRSV has a linear single-strand RNA genome and is classified as a member
of the Mononegavirales order, which includes the human parainfluenza virus [11]. HRSV belongs
to the family of Pneumoviridae in the genus of Orthopneumovirus. The HRSV has enveloped RNA
genome of ~15,000 nucleotides encodes 11 proteins [12]. These proteins include two major surface
glycoproteins known as fusion (F) protein and glycoprotein (G) used for attachment. A variation
in the glycoprotein (G) distinguishes two main classes of HRSV strains as strains A and B [13].
Other proteins include nonstructural, regulatory, ribonucleocapsid, and inner envelope matrix
proteins [12]. The full genome nucleotide sequence analysis resulted in the identification of 11
RSV-A and 23 RSV-B genotypes [14]. During epidemic seasons, multiple genotypes have been

observed co-circulating, suggesting that new genotypes can replace previously dominant strains.
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HPIV was discovered in the 1950s and is divided into four types: 1, 2, 3, and 4 [15]. HPIV is also
a member of the Mononegavirales order, which is part of the Paramyxoviridae family, which
includes the Respirovirus and Rubulavirus genera [11]. HPIV is a negative-sense single-stranded
RNA virus and causes respiratory diseases in humans and animals[16]. The four types HPIV-1 to
HPIV-4 have six similar structural proteins encoded by the genome, except for the phosphoprotein
which varies across the types[15]. HPIV-1 and HPIV-3 belong to the Respirovirus genus, whereas
HPIV-2 and HPIV-4 are in the Rubulavirus genus. The genome length is ~ 15,000 nucleotides

encoding six major structural proteins [17].

Besides HRSV and HPIV, the Adenoviridea family found in the order of Rowavirales is associated
with respiratory illnesses [18]. HAdVs were isolated in 1953 and classified in the genus
Mastadenovirus and constitute the seven known HAdV species or groups [19]. The species vary
from HAdV-A to HAdV-G and cause a range of syndromes including hepatitis, myocarditis,
pneumonia, gastroenteritis, and conjunctivitis [20-22]. Adenoviruses are non-enveloped double-
stranded DNA viruses. DNA similarity between HAdV groups ranges from 48 % to 99 %, with
less than 20% between HAdV subgroups [23]. The HAdVs genome is ~ 30- 40Kb and is

surrounded by non-enveloped capsid [24].

In various parts of the world, the health burden of acute respiratory infections caused by HRSV,
HPIV, and HAdV has been well reported [25-27]. These respiratory viruses have been reported in
severe childhood pneumonia requiring hospitalization in Africa and Asia, whereas HRSV was the
leading cause with 31.1% in all viral etiologies [7]. In general, the economic impact of viral
respiratory tract infection that is not influenza-related is unknown. However, data suggests that
the overall economic burden of non-influenza-related viral respiratory tract infections in the
United States is in the range of $40 billion per year, with $17 billion in direct costs and $22.5

billion in indirect costs [28].

HRSV infections have been shown to have a long-term socioeconomic and health effect [29-31].
In 2015, the global prevalence of HRSV was 33.1 million in children under the age of five, with
overall lower respiratory infection mortality ranging from 94 600 to 149 400 [26]. In 2016, HRSV

was the second leading cause of lower respiratory infection mortality, with 76 612 (55 121-103
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503) deaths worldwide, with 54 % of deaths occurring in children under the age of five [32]. HRSV
infections cause 487, 247 outpatient visits, 17,799 hospitalizations, and 8,482 deaths per average
season in adults and the elderly, according to a study from the United Kingdom [33]. In Australia,
the economic burden of HRSV was estimated to be between $24 and $50 million of overall annual
healthcare costs [34]. HRSV-triggered outbreaks have also been linked to serious disease
consequences, such as patient hospitalization, intubation or artificial ventilation, admission to an
intensive care unit, and death [35,36]. The outbreaks have been reported in all age groups for
healthy individuals, and people with other health conditions [37,38].

While HRSV is a common cause of acute respiratory infections, HPIV and HAdV also cause
societal and public health problems [39,40]. In different countries, there is increasing evidence for
both HPIV and HAdV, indicating a substantial public health burden [41]. HPIV global burden
estimates in children under the age of 5 years with acute lower respiratory tract infections
(ALRTIS) were described in 2018. Thus, there were 29.5 million (21% cases of ALRTIs) HPIV
cases in children below 5 years, 1.0 million (6-20%) hospitalizations, and 53,000 (7%) deaths due
to HPIV [42] indicating that HPIV contributes substantially to the childhood respiratory disease
burden. In Asian countries, where the prevalence ranges from 1% to 66%, HPIV-3 is the major
dominant virus type [43]. Similar evidence was described in the adult population. HPIV
prevalence ranged from 2.14% to 27% in a Brazilian study, with 74.23% prevalence in children
under the age of one year [44]. Similar observations have been made in several studies carried out
in various countries, in which HPIV 1-4 types were widely spread [45,46]. The cost associated
with HPIV infections is less studied worldwide than RSV. In the United States, however, from
2004 to 2010 annual costs for HPIV-associated croup, bronchiolitis, and pneumonia
hospitalizations of children under the age of five were estimated to be $43 million, $58 million,
and $158 million, respectively [47]. Amongst HPIV types that have been identified during
outbreaks, HPIV-3 is the most common cause of confirmed HPIV infection [48-52]. HPIV
nosocomial infections are a serious concern to immunocompromised patients and may result in

outbreaks.
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HAdVs have sparked public health concerns about new and re-emerging strains that have the
potential to cause large outbreaks and serious pneumonia in immunocompetent adults and children
[53,54]. In the United States, some Asian countries, including China, and Europe, outbreaks of
novel HAdV serotypes have been identified [53-60]. HAdV primarily causes outbreaks in areas
with crowding, such as schools, military barracks, and home care environments, among other
places [55,59,61]. Over the last ten years, a growing number of cases of community-acquired and
serious pneumonia linked to HAdV have been reported in different countries [62—64].

However, the lack of the estimated global burden of HAdV-related respiratory diseases, as well as
insufficient evidence from developing countries, leaves gaps in our understanding of the evolving

environment.

1.2. Statement of the problem

HRSV, HPIV, and HAdV, all play a role in the development of upper and lower respiratory
syndromes, including pneumonia, which is the leading cause of death in infants, the elderly and
people with compromised immune systems [7,65]. Although influenza-like illness (ILI) and severe
acute respiratory illness (SARI) surveillance systems can detect non-influenza respiratory viruses
(NIRVS), these systems were created mainly to monitor influenza virus activity with NIRVs

receiving less attention [66,67].

The WHO's Battle Against Respiratory Viruses Initiative (BraVe) has acknowledged the growing
evidence for NIRVs' public health significance, emphasizing the need to use available surveillance
systems to assess a wider range of respiratory viruses [1,40]. Viruses are found in a high percentage
of acute respiratory tract infections (ARTIs) and cause a variety of upper and lower respiratory
tract syndromes, such as acute otitis media, croup, pneumonia, bronchiolitis, and asthma [68—72],
and although co-infection with both respiratory viruses and bacteria is known to occur, they are
infrequently reported. While NIRVS' role in respiratory disease is recognized, the complexities
and breadth of illnesses caused by these viruses are poorly understood [40], making it difficult to
determine which viral agents are responsible for which syndromes, as well as assigning the cause

of severe ARTIs due to mixed virus infection [73-75].
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Although non-pharmaceutical interventions and some other medical efforts are effective in
controlling all viruses, the identification of dominant viral pathogens is necessary to target
vaccines and therapeutics to most effectively control outbreaks and protect public health at the
population level.

ARTIs of viral origin has increased in prevalence since the establishment of acute respiratory
infection (ARI) surveillance programs across Sub-Saharan Africa in 2006 [67]. These surveillance
programs were developed in response to the 2005 International Health Regulations (IHR) for
tracking emerging respiratory viruses, with a particular emphasis on pandemic influenza
viruses[76]. The threats posed by NIRVs have been documented, as have the various factors that
influence the health outcome[6,65,73]. Among non-influenza respiratory viruses associated with
ARTIs, HRSV, HPIVs, HAdV are frequently identified [77—80]. NIRV pathogens are present in
people of all ages across Sub-Saharan Africa, and the majority of them cause severe ALRTISs in
children under the age of five [40,81-89].

The World Health Organization Regional Office for Africa (WHO-AFRO) released Country
Profiles (https://www.who.int/data/gho) in 2012, which revealed that among the top three causes
of death in the East African Community (EAC) were acute lower respiratory tract infections
(ALRTIS). ALRTIs in EAC partner states were identified in Tanzania (8.7%), Kenya (12.3%),
Uganda (12.3%), South Sudan (12%), Rwanda (10%), and Burundi (12.5%). Whereas influenza
viruses are known to cause a substantial proportion of respiratory infections, it is not clear how
much the contribution towards ALRTIs is due to NIRVs. States with influenza and other
respiratory viruses’ surveillance programs recognized by the WHO include Kenya, Rwanda,

Tanzania, and Uganda in the EAC [89].

The East African region's population is nearly 177 million inhabitants [90]. The population is
highly integrated with the regional free mobility of the people, culture exchange, tourism, a
common regional market, and other social exchange activities. All these factors have been
described elsewhere to increase the risk of infectious disease transmission and spread [91]. ARTIs
are endemic in the EAC region, this has been recognized in various studies reporting etiologies in

respiratory syndromes surveillance [92-95].
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In Kenya, influenza and other respiratory viruses’ surveillance program were introduced in 2006.
The country had two complementary systems that were designed to carry surveillance at district
hospital surveillance (Known as sub-county hospitals after Kenya government devolution in 2010)
and provincial hospitals surveillance (now called county hospitals). The two systems gave a robust,
geographical, and population representativeness to investigate respiratory viruses in Kenya
[96,97]. Although both systems provided a strong surveillance system in Kenya, and extensively
investigated influenza viruses, they did not report the epidemiological findings from non-influenza

respiratory viruses, leaving gaps in the knowledge of these important pathogens in the country.

1.3.  Significance of the study

It is evident that an unknown proportion of respiratory infections is caused by HRSV, HPIV and
HAdV in EAC including Kenya [98-101]. Whereas Kenya had simultaneous surveillance systems
for which HRSV, HPIV, and HAdV were identified frequently, none had reported the burden of
those NIRVs, factors driving the infections, hotspots areas, or timing for the interventions. As a
whole, the epidemiology of those respiratory viruses has been sparsely documented.

The objectives in this thesis were designed to make use of data generated by the programs for
influenza and other respiratory virus surveillance in Kenya to address the above-indicated gaps.
They also document the epidemiological evidence of ILIs caused by HRSVs, HPIVs, and HAdVs
in Kenya. These objectives further add to the body of knowledge by providing synthesized
evidence of the prevalence of infections caused by HRSVs, HPIVs, and HAdVs in the entire EAC.
The investigations provide a thorough understanding of HRSVs, HPIVs, and HAdVs’
epidemiology in the first seven years of ILI surveillance in Kenya. The epidemiologic evidence
presented here will inform decisions making, designing interventions, and planning prevention or

control measures.
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CHAPITER II: LITERATURE REVIEW

2.1. Rationale

2.1.1. Epidemiology of human respiratory syncytial virus, human parainfluenza virus, and

human adenoviruses

Respiratory viruses are common throughout the world, although their prevalence varies over time
and across geographical regions. HRSV is one of the most common causes of acute respiratory
infections (ARTIs) around the world, especially acute lower respiratory tract infections (ALRTS)
in children under the age of five and the elderly over the age of 65. Around 45% of childhood
HRSV ALRTSs result in hospitalization and death in infants under the age of six months, while 1
10 % of HRSV ARTIs are identified in adults[26,102].

HRSV has a high prevalence worldwide, according to several reports, particularly among young
children under the age of five. In a study conducted in Latin America in 2013, the prevalence of
HRSV infections in infants aged 1-6 months was found to be 41.5% in ALRTIs [103]. HRSV was
responsible for 18.7% of ARTIs in China in 2015 [104] and a similar prevalence of 18.7% was
registered in Iran in 2013 [105]. According to a systematic review conducted by the Western
Pacific Region (WPR), HRSV was present in 16.73 % of ARTI patients[106]. RSV infections were
found to be prevalent in 24.4 % of countries in the Middle East and North Africa (MENA) region
[107].

In 2018, 14.6% of people with ARTIs in Africa were infected with HRSV [108]. In Sub-Saharan
Africa, an estimated 131 million cases of community-acquired pneumonia were reported, with
viral pathogens being the leading cause [109]. HRSV types A and B have been known to circulate
independently with a slight predominance of type A; however, there was no difference in clinical
outcome between the two types [110,111]. HRSV is widespread in Kenya, and several studies have
documented the prevalence of HRSV from ARTIs[112-116]. According to the literature, HRSV
affects people of all ages, but it has the greatest impact on children under the age of five. Similarly,
HPIV exhibits similar trends, albeit, with fewer studies documenting the burden of associated
diseases, this was also seen with HAdV [117-119].
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The disease burden figures for HPIV childhood infections in Asian countries vary from 1 to 66 %
[120]. During the surveillance period of 2006 to 2010, 3.2 % of people with influenza-like illness
in Latin American countries had HPIV infections [121]. Over a surveillance period of 2010-2014,
an HPIV prevalence of 8.0 % was also reported in the population with influenza-like illness in the
United States[122]. HPIV is also one of the known etiological agents of pneumonia in Africa [109].
In Kenya, people with acute respiratory tract infections (ARTIs) had a 9 % HPIV prevalence [123].
HPIV-1, HPIV-2, HPIV-3, and HPIV-4 all cause a variety of respiratory illnesses, but HPIV-3 is
the most common, causing severe morbidity and mortality [15,124]. Although the burden of
diseases associated with HPIV is not well defined, the virus has been characterized from the

genomes obtained from around the globe [125].

Certain HAdV species contribute to the aetiology of respiratory illnesses in humans [126]. Among
the most common species are species B (serotypes 3 and 7), C (serotypes 1, 2, and 5), and E
(serotype 4) [127-129]. HAdV serotypes are found all over the world. There is evidence of
serotypes coexisting and infecting people [130-134]. Several surveillance programs have
documented HAdV prevalence in various regions, indicating their disease burden in public health.
Worldwide, HAdV-3 is the most common, accounting for 15% to 87 % of all HAdV respiratory
infections, whereas overall HAdVs were responsible for 3.8 % of asthma exacerbations and 2.1 %
of an acute exacerbation of chronic obstructive pulmonary disease (AECOPD) prior to 2017 [135—
137]. In China alone, HAdVs were 12.0% prevalent in hospitalized ARTIs children from the
southern part of the country and 6.33 % prevalent in children with ARTIs from the northern
(Lanzhou) part of the country [56,135,138]. Through the ILI surveillance network, HAdV species
circulating in Central and Southern Latin America were identified, and species belonging to the C,
B, and E species were identified [139]. In Peru, the two major surveillance systems, ILI and SARI,
discovered a 6.2 % prevalence of HAdVs [140]. Similar species of HAdV's have been characterized
in Egypt, with a predominant circulation of HAdV-C, which is consistent with global trends of
HAdV respiratory infections [141]. The surveillance system identified that 17.5 % of ILI cases
were infected with HAdVs in Gabon, 21.7 % in refugee camps in Kenya, 30.8 % in Senegal, and
many other countries [83,142,143].
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HRSV, HPIV, and HAdV transmission modes of contact, direct (self-inoculation), indirect
(fomites), and droplets (aerosols) allow these viruses to spread efficiently among humans
[144,145]. These respiratory viruses primarily replicate in the respiratory tract and are shed in
respiratory secretions (144). HRSV transmission between humans is known to primarily occur via
fomites and droplets, but recent studies claim that HRSV can be transmitted via aerosols (145—
148). Furthermore, in pediatric studies, the virus was found to be capable of crossing the placenta
from the infected mother's lungs to the fetus, predisposing the offspring to long-term sequelae
[146,147]. There is less evidence on the transmission modes of HPIVs (types 1-4) in particular.
Only direct contact, indirect (fomites), and droplet transmission are known HPIV transmission
modes [148]. HPIVs are more easily recovered from non-absorptive surfaces than from absorptive
surfaces [15,149]. HAdVs are primarily transmitted through person-to-person contact, fomites,
and, on rare occasions, airborne aerosols [150]. Several studies have shown that removing HAdVs
from aerosols, skin, fomites, and environmental surfaces is difficult [151,152]. HRSV, HPIV, and
HAdV all have slightly different incubation periods, ranging from 4-5 days to 2-3 days to 5-6 days,
respectively [153,154].

Certain factors Influence the occurrence and transmission of HRSV, HPIV, and HAdVs from
person to person [144]. Host behaviours such as overcrowding, daycare attendance, birth during
the seasonal peak of infection, poor parental education, and breastfeeding hygiene are among the
common demographic factors reported in various studies [155]. Furthermore, weather and climate;
humidity, temperature, precipitation, and airflow all have an impact on the transmission of human
respiratory viruses [155-158]. Although several factors may influence transmissibility, rate, and
severity, respiratory virus infections may be associated with a broader range of interconnected host
determinants [155]. Host determinants, primarily age, gender, and health status, are known
predictors of severe infections [158,159]. Prematurity [160], congenital heart disease (CHD),
neuromuscular impairment, bronchopulmonary dysplasia (BPD), immunodeficiency, Down
syndrome, and ageing all play a role in severe respiratory infections [161-165]. Socioeconomic
factors also play an important role in the outcome of respiratory viral infections [166]. Multiple
births, poor parental education, maternal smoking or indoor smoke pollution, crowded households,
young siblings, malnutrition, atopy or asthma in the family, and living at high altitude all increase
the risk of a severe outcome [81,165,167-169].
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HRSV-caused acute respiratory infections are most commonly reported in infants and toddlers
with ALRTIs [170,171]. The risk of hospitalization was found to be lower in healthy infants, but
significantly higher in premature infants and babies with chronic lung disease or congenital heart
disease [172]. In 2015, the global mortality rate from HRSV infections was 59600, ranging from
48000 to 74500 in children under the age of five, with infants under the age of six months
accounting for 45 % of deaths [26]. HRSV has also been described in elderly people, with 14 000
in-hospital deaths worldwide from HRSV-ARI ranging from 5000 to 50000. There is, however, a
scarcity of related epidemiological data from developing countries [173]. Adults with HRSV were
found to have higher attack rates and died at a higher rate in immunocompromised people
[174,175]. Several studies have shown HRSV infection episodes occur in healthy adults but there
is an increased risk in the elderly [13]. HPIVs are important pathogens in adults as well, with upper

respiratory tract infections being the most common [176,177].

Besides, HP1Vs can cause infections of the lower respiratory tract, especially in children under the
age of five and people with compromised immune systems (180,182-184). It should be noted that
HPIV-3 is the most common serotype and causes more hospitalizations in children under the age
of five than HPIV-2 or HPIV-1. HPIV-4 is less common. Similar to HRSV, the most severe
respiratory illness caused by HPIV-1, 2, 3 occurs in infants during their first months of life [178].
HAdVs cause respiratory tract infections in children as well, with severe infections occurring in
immunocompromised patients [82,179-182].

In residential facilities such as military camps, home care, and other collective areas, fatal
outbreaks of pneumonia caused by HAdVs have been reported [183]. Furthermore, there is an
increase in the number of HAdVs deaths among children and the elderly [58,59,184-186].
Exposure to tobacco smoke, pollutants, poor breastfeeding, malnourishment, low maternal
education, socioeconomic status, and daycare attendance all increase the risk of severe infections
[187-190].
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2.1.2. Seasonality of human respiratory syncytial virus, human parainfluenza virus, and

human adenoviruses

Seasonality of acute viral respiratory tract infections is critical for recognizing timing and
preparing interventions for prevention (vaccination) and control (treatments) steps [191]. Most
acute viral respiratory infections have distinct seasonal patterns in temperate climates, with peaks
during the winter months[192—-194]. However, this seasonality is less noticeable in the tropics,
where meteorological parameters fluctuate much less than in temperate climates [195-198].

The seasonality of HRSV varies greatly across geographical regions, years, and climate [199].
HRSV epidemics are recorded in temperate regions during the cold winter months, while in
tropical countries in Asia, Africa, and South America, the peak of epidemics is correlated primarily
with rainy seasons [107,200-202]. Nonetheless, HRSV epidemics have been observed during the
dry season in regions south of the equator [203—205]. HRSV seasonal trends are predictable in
both the northern and southern hemispheres. HRSV activity is predictable in that it is mainly
restricted to the winter and late autumn in temperate regions, with an epidemic duration of

approximately 5 months [206,207].

The length of HRSV epidemics in tropical African countries, including Kenya, has been shown to
be 5 months, which is comparable to the temperate climate [197]. In the cold season, studies have
shown that inclement weather affects human behaviour by reducing outdoor activities and
increasing indoor crowding [208,209]. Such behaviours increase HRSV exposure and
transmission. Another theory is that low temperatures prolong HRSV stability in fomites during
the winter [210,211]. In the tropics, climatic factors such as humidity and temperature play an
important role in HRSV seasonality; higher levels of humidity and stable temperatures are

indicated to support large aerosol droplets, allowing HRSV transmission all year round [212,213].

The seasonal peaks of the four HPIV types differ geographically and over time [214]. HPIV
epidemics appear to last slightly longer (6 months) than RSV (5 months) and occur in both
hemispheres in the spring or early summer months [197]. In a temperate climate, seasonal peaks
differ between HPIV types [215-217].
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HPIV-3 is reported in the annual clear epidemic peak of later summer, in contrast to HPIV-1 and
HPIV-2, which have marked epidemic peaks in a biennial early winter in the northern and southern

hemispheres of temperate climes [216].

In the United States, for example, HPIV-3 causes annual epidemics in the spring and summer,
whereas HPIV-2 co-circulates with HPIV-1 during the fall seasons and causes regular outbreaks
[218,219]. Because HPIV-4 is reported to have a low prevalence, the seasonality of HPIV-4 is not
well defined in the literature. However, a recent study conducted in the United States found a
significant link between HPIV-4 and increased severity of illness in hospitalized children, which
occurred in the early fall and late summer [220]. A larger study conducted in Brazil described
HPIVs in the tropics, primarily indicating that HPIV-1 circulates during the fall, HPIV-3 peaked
in the spring, and cases of HPIV-2 appeared throughout the year with peaks in the fall and early
spring [221,222].

The seasonality of HAdV differs from that of RSVs and HPIVs, which tend to occur during the
winter in temperate climates. HAdV infections occur all year with no evident seasonality, but in
temperate climates, where peaks can be observed in late winter, spring, or early summer [223].
HAdVs infections are also detected throughout the year in tropical climates, with peaks of varying
amplitude and less defined seasonality [77]. The duration of HAdV epidemics vary according to
the viral species or serotypes and spread quickly in crowded populations [59,224-228]. HAdV
epidemics have been reported in military training facilities, hospitals, boarding schools, nurseries,
long-term care facilities, psychiatric centers, job training centers, public swimming pools, and

other areas with crowding [228-235].
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2.1.3. Clinical manifestations of viral respiratory infections caused by human respiratory

syncytial virus, human parainfluenza virus, and human adenoviruses

Infections caused by RSVs, HPIVs, and HAdvs are difficult to distinguish clinically, as are
infections caused by other respiratory viruses. There are many similarities between the respiratory
syndromes caused by these viruses, which range from mild upper respiratory tract infections to
severe lower respiratory tract infections [236]. Clinical manifestations differ depending on age,
health status, and whether the infection is primary or secondary.

Upper respiratory tract infections typically present with a variety of mild syndromes. Upper
respiratory tract infection caused by RSV is self-limiting, with symptoms including rhinorrhea,
cough, sneezing, nasal congestion, myalgia and in some cases fever [237]. HPIVs have similar
symptomatology [13,238], though disseminated HPIV infections present as uncommon
neurologic, renal, and rheumatologic diseases affecting other organ systems [239]. HAdVs can
also cause a mild upper respiratory infection that is usually self-limiting. Depending on the HAdV
serotype, symptoms may include cough, rhinorrhea, pharyngitis, fevers, and conjunctivitis
[240,241]. Other symptoms of HAdV infections present differently depending on the organ
systems that are affected [241].

The common cold is not distinguished from other syndromes of viral upper respiratory tract
infection by symptoms such as nasal stuffiness, mucus discharge, sneezing, coughing, and sore
throat. It might be caused by a wide range of viral pathogens which infect the host's respiratory
tract [242]. Pharyngitis is distinguished by the presence of three symptoms: fever, sore throat, and
pharyngeal inflammation. Viruses are the most common causes of pharyngitis, accounting for 25-
45% of all cases, with HAdV being the most common [243]. Otitis media caused by any of these
viruses is characterized by middle ear-space infections that affect people of all ages but are most
common in children aged 6 to 24 months [244,245]. Because of the wide range of clinical
manifestations of upper respiratory tract infections caused by these viruses, illnesses caused by
these viruses are commonly referred to as influenza-like illness (ILI), which is a standardized case

definition developed by WHO to characterize influenza and other respiratory viruses infections.
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ILIis defined as an acute respiratory illness with a fever of 38 °C or greater and a cough that began
within the previous 10 days [246]. Other intrinsic symptoms of ILI may include headache, malaise,
nausea, body aches, and loss of appetite. These manifestations, however, differ in children, adults,
and the elderly, depending on whether they are healthy or have comorbidity conditions [247].

The infection of the lower respiratory tract has distinct severe manifestations. Croup, also known
as laryngotracheal-bronchopneumonitis, is an inflammation of the trachea, larynx, and bronchi that
causes a barking cough and stridor. On days 3 or 4, it appears to be upper respiratory tract
infections with a low-grade fever and dysphagia; however, severe symptoms may appear later if
the infections persist for up to 7 days [248]. HPIVs are the most common cause of croup,
accounting for 75% of respiratory infections with this symptom [249]. Nevertheless, other
respiratory viruses, such as RSVs, HAdV, and influenza viruses, have also been linked to croup
outbreaks [249-252].

Viral bronchiolitis is a type of respiratory syndrome that affects the lower respiratory tract. It refers
to the obstruction of the lower respiratory tract caused by inflammation of the small airways
(bronchioles) [253,254]. The infection is characterized by oedema, excessive mucus production,
and epithelial cell necrosis [255]. Patients typically first present with ILI symptoms within a few
days. With continued infection, fever, tachypnea, expiratory wheezing, retractions, and air trapping
may develop [254]. The syndrome is most commonly reported in infants and then declines in
school-aged children. Bronchiolitis symptoms in infants have been reported to last anywhere from
15 days to 3 weeks [13]. Although other viruses, such as HPIVs and HAdVs, can cause similar
clinical features, HRSV is the most common virus responsible for bronchiolitis cases in children
[256].

Pneumonia caused by viruses has been distinguished from other viral lower respiratory tract
syndromes. In pneumonia cases, fever and rales are common, and pulmonary consolidation is
common [257]. Infection of viral pathogens in the lung parenchyma causes abnormalities in gas
exchange at the alveolar level and inflammation, resulting in viral pneumonia [258]. HRSV
pneumonia affects people of all ages, but it is usually severe, with a high rate of occurrence in the

elderly and immune-compromised people [237,259]. Although HRSV typically affects infants and
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young children, bronchiolitis, rather than pneumonia, is the more common severe syndrome.
Clinically, HRSV pneumonia is distinguished by wheezing, which is a characteristic of advanced
viral infections [259,260]. However, there is no single clinical sign that can predict which viral
pathogen is causing pneumonia [261]and only improved laboratory diagnostics can improve the
identification of old and new viral pathogens [262]. HPIV pneumonia is characterized by typical
symptoms such as cough, fever, and rales with pulmonary consolidation. All four HPIV serotypes
have no distinguishing clinical features, though HP1V3 is most commonly associated with severe
pneumonia [215,262]. Following upper respiratory tract infections, HAdV pneumonia is usually
mild in immunocompetent individuals and symptoms can resolve in 2 weeks [257,259]. Severe
adenoviral pneumonia, on the other hand, has been reported sporadically in immunocompetent

people [263], and more frequently in immunocompromised patients [264,265].

The case definition of severe acute respiratory infection (SARI) was refined in 2011 [266],
adopting the definition from the integrated management of childhood illness strategy to specify
both pneumonia and severe pneumonia caused by influenza viruses, as well as related diseases
such as asthma exacerbation and chronic obstructive pulmonary disease (COPD) [267,268].
WHO's standardized case definition of SARI for all age groups is: an acute respiratory illness with
a history of fever or measured fever of 38 °C and cough, requiring hospitalization within the

previous 10 days [266].

Both ILI and SARI case definitions have been expanded through WHO Battle Against Respiratory
Viruses (BraVe) initiative in 2012 to include non-influenza respiratory virus infections, allowing
HRSV, HPIV, and HAdVs infections and related diseases to be assessed[40,269,270]. Although
incubation periods may be used to differentiate respiratory infections, this is difficult because of
the similar incubation periods among the viruses, the variation among types or serotypes of the
same virus, and the effects of host factors such as age and health status [153]. The incubation
period for RSV ranges from 3 to 7 days, with a 5-day average [153,237]. The HPIV incubation
period is shorter, ranging from 2 to 6 days with a mean of 4 days, whereas HAdV incubation lasts
4-8 days with a mean of 6 days [153].
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2.1.4. Diagnosis of the respiratory syncytial virus, human parainfluenza virus, and human

adenoviruses’ infections

It is critical to correctly identify viruses responsible for respiratory tract infections in order to most
effectively treat patients and control epidemics. In medical laboratories, traditional diagnostic tests
for the rapid detection of viral antigens or antiviral antibodies are widely used [271]. Immunoassay
and virus culture are two of the most commonly used traditional assays. The immunoassay
methods include immunofluorescence assay or direct immunofluorescence assay (DFA), which
detects viral antigens using a fluorescence-tagged primary or secondary antibody. It is simple to
use, quick, and inexpensive, so it is commonly found in surveillance and clinical laboratories
[272].

Furthermore, lateral flow immunoassay (LFIA) is a rapid detection method for respiratory viruses
used at the point of care that is based on an immunochromatographic technology [273-275]. Other
common immunoassay techniques include enzyme-linked immunosorbent assays (ELISAs) [251],
the hemagglutination inhibition test, and the complement fixation test. Conventional virus
culture/virus isolation [276], semiconductor quantum dots [277,278], and other related methods
are examples of non-immunoassay methods. These latter techniques are used in biomedical and

biological research.

With the development of molecular diagnostics for viral respiratory pathogens, new technologies
for diagnosing respiratory viruses have advanced [279]. Several nucleic acid amplification tests
(NAATS) based on viral amplification approaches have been developed, with the most well-known
technique being the polymerase chain reaction (PCR), which can detect an individual or multiple
respiratory viruses [280]. PCR allows for the rapid, accurate, and sensitive detection of respiratory
viruses. This method has been modified to provide real-time results from single or multiplex PCR
for RSV, HPIVs 1-4, and HAdVs [281]. Multiplex PCR is less expensive and easier to use than
several uniplex PCR tests.
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Currently, NAATS, as opposed to conventional virus culture, are the gold standard diagnostic
techniques for respiratory viruses in clinical settings [282]. Loop-mediated isothermal
amplification (LAMP), transcription-mediated amplification (TMA), nucleic acid sequence-based
amplification (NASBA), multiplex ligation-dependent probe amplification (MLPA), strand
displacement amplification (SDA), rolling circle amplification (RCA), and helicase dependent
amplification (HDA) are some other molecular assay techniques that are amenable to respiratory
virus detection [279-281].

Furthermore, next-generation genome sequencing technologies are robust high-throughput tools
for the rapid characterization and typing of respiratory viruses. The Sanger technique, which was
developed around 30 years ago, has resulted in the development of numerous sequencing
principles [283]. The Sanger sequencing technique has recently been replaced by the advancement
of whole-genome sequencing (WGS) using next-generation sequencing (NGS) technologies.
These nucleotide sequencing technologies have resulted in the discovery of new pathogens, the
identification of viral mutations, molecular surveillance, drug resistance, host immune response,
and other related applications [284]. Although these tools have not yet been scaled for routine
clinical diagnosis, devices to perform these techniques are expected to become more widely

available for biomedical research and routine diagnosis in the near future [280].
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2.1.5. Prevention, control and management measures for respiratory syncytial virus,

human parainfluenza virus, and human adenoviruses’ infections

With specific challenges, some general control and preventive measures for acute viral respiratory
infections have been documented [285]. There is evidence that single interventions, such as
vaccination or antiviral therapy, are insufficient to halt the spread of respiratory viruses [286]. A
combination of several interventions, on the other hand, can be extremely effective in community
and health care wards. As a critical public health measure, physical interventions such as hygienic
measures (hand-washing) reduce the transmission of respiratory viruses [287]. Control measures
such as aerosols and droplets precaution (wearing masks, gloves, and gowns), contact precaution
(keeping a distance of one meter), and airborne precaution (air filtration) are critical interventions

in health care settings or during epidemics to control the spread of respiratory viruses [286].

Immunization is effective in lowering respiratory virus infections, particularly in vulnerable
populations [288]. RSV vaccines have been in development for over a half-century, but several
issues have stymied the development of safe and effective vaccines [289]. The most serious issue
reported for vaccines entering pediatric trials has been induced RSV-associated diseases, which
raises ethical concerns [290,291]. With the advent of new technologies, there are approximately
60 candidate RSV vaccines targeting pediatric, maternal, and elderly populations [292], the
majority of which are in the preclinical stage and only 16 of which have entered clinical trials
[293]. Several approaches have been proposed for the development of RSV vaccines, some of
which have been unsuccessful. Formalin-inactivated (FI)-RSV vaccine, live-attenuated RSV,

subunit RSV, nucleic acid, and vector-based approach vaccines are among them [289,293].

Palivizumab was approved in 1998 for the prevention of severe RSV infections in high-risk groups
such as premature infants, children with congenital heart diseases and children with other
significant medical conditions [294]. Due to the lack of a licensed RSV vaccine, it is the only
humanized antibody approved for RSV prevention. None of the HPIV vaccines being developed
in collaboration with RSV as polyvalent or bivalent vaccines, as well as HPIVV monovalent designs,

have been licensed or approved for use in immunization [295-297].
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The HAdVs vaccine was developed in 1971 for US military programs and was routinely used for
AdV-4 and -7 immunization in the military until supplies ran out [298,299]. The US Food and
Drug Administration licensed and reintroduced live unattenuated vaccines for AdV-4 and -7 in
2011, but there has been no approval for use in other populations, including children [300,301].
China, on the other hand, has been investigating the possibility of developing AdV-3, 7, 14, and

55 multivalent vaccines for both civilian and military populations [302,303].

According to current evidence, there is no cure for infections caused by HRSVs, HPIVs, or HAdVs
[304]. Only palliative treatments, such as supplemental oxygen, corticosteroids, inhaled ribavirin,
nebulized hypertonic saline, epinephrine, and other supportive care, are available [294,305-307].
The FDA has approved aerosolized ribavirin as an HRSV treatment for severe HRSV respiratory
tract infections [308-310]. HN inhibitors or anti-hPIV agents have advanced in phase Il clinical
trials and have been developed and tested for host-directed therapy [311]. Immunotherapy for
adenoviral infections with several small molecule drugs has reached clinical trials, and some are
in the preclinical phase, making promising progress for adenovirus treatment [312,313]. For
example, brincidofovir (BCV), a lipid conjugate of cidofovir, was used to treat adenoviruses in
pediatric patients undergoing hematopoietic stem cell transplantation and was found to be less
toxic [314].

2.2. Hypothesis

The primary hypothesis was that HRSVs, HPIVs, and HAdVs caused a substantial morbidity
burden in ILI outpatients at the sentinel surveillance sites. The proportion of HRSVs, HPIVs, and
HAdVs-caused ILIs varied across geographic regions and seasons in Kenya. The HRSVs, HPIVs,
and HAdVs-caused ILIs were significantly associated with demographic determinants, seasons,
and climatic factors. Alternatively, to the null hypothesis was that the morbidity burden among ILI
patients in Kenya was not triggered by either HRSVs, HPIVs, or HAdVs, there was no

geographical or seasonal variation, and had no associated factor.
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2.3. Objectives

The broad objective of this project was to carry out a retrospective investigation of the
epidemiology, clinical characteristics, and risk factors associated with ILIs morbidity caused by
RSVs, HPIVs, and HAdVs in Kenya from 2007 to 2013.
The specific objectives were to;
a. Determine the prevalence of RSV, HPIV, and HAdV infections among ARTI patients in
East African Community partner states with particular focus on Kenya from 2007 to 2020.
b. Describe the morbidity burden of RSV, HPIV, and HAdV-caused ILIs in Kenya from 2007
to 2013.
c. Assess the seasonality of respiratory infections caused by HRSVs, HPIVs, and HAdvs in
Kenya from 2007 to 2013.
d. Determine demographic determinants, clinical characteristics, and climate factors
associated with infections caused by HRSVs, HPIVs, and HAdVs in Kenya from 2007 to
2013.
e. Describe the spatiotemporal distribution of HRSV, HPIV, and HAdV infections in different

geographic regions of Kenya over the same period.
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2.4. Thesis structure

The first chapter (Chapter 1) of this thesis provides background information on human respiratory
syncytial virus, human parainfluenza, and human adenoviruses-related respiratory diseases on a
global, regional, and national scale, with an emphasis on Kenya. The second chapter is a review
of the literature on HRSV, HPIV, and HAdV infections. Chapter 3 defines and delivers the
materials and methods used in this project. This project's findings are presented in Chapter 4.
Chapter 5 discusses the project's findings, available literature, conclusions, and recommendations.

All of the references cited in this thesis are included in Chapter 6.

2.5 Study approvals

Ethical approvals for this project were obtained from Kenya Medical Research Institute (KEMRI)
Scientific and Ethics Review Unit (SERU) with reference number KEMRI/SERU/CVR/003/3802
and the Walter Reed Army Institute of Research (WRAIR) with reference number WRAIR#
1267G.
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CHAPTER I1I: MATERIALS AND METHODS

3.1. Study regions

The East African Community (EAC) is a regional integration comprising six partner states: Kenya,
Tanzania, Uganda, South Sudan, Rwanda, and Burundi. According to the 2019 EAC statistics [90],
it is home to approximately 177 million people. The EAC's population has become more integrated
regionally as a result of migration, trade, social and cultural exchange, and other activities.
Unfortunately, such activities have been shown to increase the risk of infectious disease spread
[315]. Several studies have shown that different etiologies cause respiratory infections in the EAC
region. Furthermore, acute lower respiratory infections (ALRTIs) are one of the top five causes of
death (Fig 1) in East African Community member states [316-321].

Figure 1. The proportions of ALRTIs in East Africa Community partner states by WHO, 2012
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Kenya is located in Eastern Africa at a degree decimals -0.0236° S latitude, and 37.9062° E
longitude with an area of 580,367 km?[322]. The country borders five countries including Uganda,
Tanzania, South Sudan, Ethiopia and Somalia with the coastline of the Indian Ocean [322]. Kenya
is bisected by the equator with one half of the country located in the northern hemisphere and
another one in the southern hemisphere. Kenya had eight provinces subdivided into 158 districts
[323] prior to the declaration of the new constitution in 2010. Later, the country was divided into
47 counties, comprising 290 sub-counties. The new geographical boundaries were incorporated
into national administration in 2013. These regions were made up of counties that were previously

constituting provinces (Fig 2), with their areas and populations based on the 2009 census [324].

Kenya's coastal region is made up of six counties covering an area of 79,686.1 km?. The rift valley
is Kenya's largest region, with fourteen counties covering an area of 182,505.1 Km?2. The Eastern
region has the second largest surface area, with 140,698.6 Km? spread across eight counties. The
North-Eastern region consists of three counties covering a total area of 127,358.5 Km?Z.
Furthermore, the central region of Kenya is made up of five counties covering an area of 11,449.1
km?2. The former Nairobi province is now Nairobi County, which houses Nairobi, Kenya's capital
city, and has a small surface area of 694.9 km2. Only four counties are represented in the Western-

Nyanza region's surface area of 7,400.4 km? [324].

Kenya's population has grown at a rate of 2.2 over ten years, rising from around 38 million in 2009
to 47.8 million in 2019 [325]. HIV/AIDS and lower respiratory tract infections are major health
threats to the population, causing high mortality and disability [316,326]. Lower respiratory
infections rose from the third-leading cause of death in 2009 to the second-leading cause of death
in the Kenyan population in 2019. However, HIV/AIDS remains the country's leading cause of
death. Furthermore, the driving factors of major causes of death included malnutrition, unsafe sex,

air pollution, and water, sanitation and hygiene (WASH) among others.
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Figure 2. Geographical boundaries of Kenya regions

North Eastern
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Kenya has a wide range of geographical features and climates. The country's physical
characteristics are mostly equatorial, with environments ranging from arid to semi-arid.
Furthermore, the country's topographical description shows distinct lowlands and uplands reliefs
with varying landforms such as savannah, equatorial, glacial, aeolian, volcanic, and tectonic [327].
This topography has an impact on the climate, which ranges from extremely hot areas to cooler
regions of the country. The climate in the northeast of Kenya is a hot desert, which converts to arid

regions and becomes cooler toward tropical savanna climes in the coastal region.
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The rift valley region has a distinct climate, ranging from the hot desert of the arid region in the
north to the cooler tropical savanna of the central and southern rift valley regions. The climate of
the country's western region ranges from tropical forest climate to temperate savanna climate. The
current Koppen-Geiger climate classification system at a 1-km resolution [328] displays the
different climatic locations of study regions created in qGIS 3.8.1-Zanzibar on a map of Kenya

regional boundaries and ILI surveillance sites (Fig 3).

The average temperature in Kenya's coastline region is 22-30°C, with annual rainfall ranging from
20mm to 300mm [329]. According to climate records, the average temperature in the northern
parts of the rift valley region ranges from 10°C to 28°C, with temperatures reaching 40°C and
higher in the deep arid areas. Annual rainfall in the region ranges from 500mm to 3000mm, with
a significant increase in the central region [330]. The climates of the Eastern and North-Eastern
regions of Kenya are more similar. In the north, both regions receive little rain, with annual totals
ranging between 250mm and 500mm. Aside from the hot temperatures ranging from 20°C to 40°C.
The annual precipitation in the southeastern zone, on the other hand, is approximately 3673 mm
[329,331,332].

The central region is cooler, with temperatures ranging from 14°C to 28°C and annual moderate
rainfall ranging from 1016 mm to 2540 mm [333]. Nairobi has nearly identical climate
characteristics, with a mean temperature of 19°C and an average annual rainfall of 958 mm [334].
The Western region receives rainfall all year, with a maximum annual rainfall of 2087 mm, and
temperatures ranging from 14°C to 36°C [328]. The Nyanza region, which borders the Western
area, has a similar climate [329]. Surveillance sites for ILI are geographically distributed across
these regional climates. Only the hot desert, which had a low population density and was less
accessible, lacked an ILI surveillance site. Eight surveillance sites represented the target

population in the regions previously reported with respiratory infections.
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Figure 3. The present Kdppen-Geiger climate classification of Kenya.
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3.2. Study population

The ILI participants’ origin. The study population consisted of ILI participants recruited under
the ILI surveillance system in Kenya. The ILI participants were the outpatients who presented
symptoms that met the case definition and were reported at the surveillance sites [267]. The sites
for ILI surveillance were chosen based on regional population variation, disease incidence
reporting, the frequency of international movement through the site, and the region's security
situation. Kisumu (New Nyanza referral hospital-level 5), Nairobi (Mbagathi sub-county hospital-
level 4), Kilifi (Malindi sub-county hospital-level 4), Mombasa (Port Reitz sub-county hospital-
level 4), Isiolo (Isiolo sub-county hospital-level 4), Kisii (Kisii county hospital-level 6), Kericho
(Kericho sub-county hospital-level 4), and Busia (Alupe sub-county hospital-level 4) were among

the counties where the surveillance system was implemented.

The ILI surveillance system. This retrospective investigation used secondary data of ILI
participants. The ILI participants secondary data constituted the ILI surveillance database and
included demographic, clinical and laboratory records. The ILI database was hosted under the
protocol of influenza and other respiratory viruses’ surveillance program. The ILI surveillance
system was implemented at eight surveillance sites of influenza and other respiratory viruses’
surveillance program network (Fig 4). This retrospective investigation was nested under the
surveillance program. Before the implementation of the ILI surveillance system, clinical officers
were hired and trained to conduct ILI surveillance following the KEMRI Scientific and Ethics
Review Unit (SERU), and the WRAIR Institutional Review Board (IRB) approved ethical
principles. A clinical officer was assigned to each surveillance site to enrol study participants and
collect data as well as specimens. From 2007 to 2013, participants in outpatient settings were
enrolled if they met the ILI case definition and consented to be enrolled. Before sampling,
informed consent was obtained from all participants in either English, Kiswahili, or a language
understood by the participants. Participants under the age of 18 were consented to by their parents
or guardians. Enrollment took place during working hours on Mondays, Wednesdays, and Fridays.

Every day, a maximum of five participants were eligible for recruitment at each surveillance site.
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The ILI participants’ records. A questionnaire was designed and given to each participant. Each
participant had a record of demographic information including age, gender, residence (city or
village, district, province, estate or neighbourhood), occupation, workplace, and travel history.
Clinical information was also recorded including cough, fever, sore throat, difficulty of breathing,
chills, muscle aches, retro-orbital pain, malaise, vomiting, neurological, abdominal pain, nasal
stuffiness, runny nose, sputum production, joint pain, fatigue, diarrhoea and bleeding. The
laboratory result records were combined with demographic and clinical data to form secondary
data for all ILI participants enrolled in the surveillance system.

The ILI laboratory methods for HRSV, HPIV, and HAdV diagnosis. The nasopharyngeal
specimens collected from each participant were tested for respiratory viruses including HRSV,
HPIV, and HAdV. A series of assays were used to perform laboratory diagnoses of these
respiratory viruses. Initially, respiratory viruses were isolated using a viral culture (VC) technique.
The samples were inoculated into cell lines to detect the presence of viral antigens. A confirmatory
laboratory test was performed using polymerase chain reaction (PCR), which allowed for the
detection of viral antigen nucleic acid in ILI samples. The ILI surveillance system tested a total of
17,621 samples. Each participant's laboratory results were recorded in an ILI-specific Microsoft
Access database.
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Figure 4. Influenza and other respiratory viruses program surveillance sites
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3.3. Study period

While the World Health Organization Global Influenza Surveillance and Response System (WHO-
GISRS) was established in 1952 [335,336], it did not include the majority of the world's countries
for a long time. The WHO-GISRS monitors the activities of influenza viruses in order to make
recommendations on laboratory diagnostics, vaccine formulations, antiviral susceptibility, and risk
assessment. Furthermore, it acts as a global warning system for the emergence of influenza viruses

with pandemic potential [335].

In response to the 2005 international health regulations (IHR), the WHO-GISRS network grew
gradually, with several nations and partners establishing national influenza surveillance programs
across Africa. Since 2006, national surveillance programs for Influenza-like Illness [ILIs] and
Severe Acute Respiratory Illness [SARI] have increased from 21 to 127 and 2 to 98, respectively
[337].
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Prior to 2006, Kenya had no comprehensive surveillance of viral respiratory illnesses, including
influenza viruses. The emergence of a pandemic threat in 2003 due to the highly pathogenic
influenza A (H5N1) virus caused widespread concern [338]. As a result of this concern, Kenya
established a surveillance program for influenza and other respiratory viruses. Several partners,
including the Kenyan Ministry of Health (MoH), Kenya Defense Forces (KDF), Kenya Medical
Research Institute (KEMRI), the Global Emerging Infections Surveillance (GEIS) program and
WHO, partnered to establish a network of influenza and other respiratory virus surveillance
programs in Kenya.

Specifically, influenza and other respiratory virus surveillance program in Kenya tracked emerging
respiratory pathogens, with a focus on influenza viruses. Furthermore, the program identified
important clinical characteristics of respiratory viruses in the general population. The program
specifically identified changes in influenza virus subtypes and genotypes. To ascertain the effect
of influenza virus strains on disease transmissibility, severity, and the efficacy of interventions
such as treatments and vaccines. Other respiratory viruses, such as HRSV, HPIV, and HAdV, were

also monitored as part of the same surveillance program.

The data generated by the surveillance program aided local and regional decision-making in
prioritizing and implementing interventions on time. Furthermore, the surveillance activities
expanded the KEMRI Influenza laboratory partnerships, and in 2009, the KEMRI Influenza
laboratory became a national and regional WHO reference laboratory. This influenza and other
respiratory virus surveillance system benefit the entire world by providing early warning of the

spread of influenza and other respiratory viruses.

Since its inception in 2006, influenza and other respiratory virus surveillance program have been
running for almost 15 years. Only from 2007 to 2020 did the program run two syndromic
surveillance systems on a year-round basis. From 2007 to 2013, an influenza-like illness (ILI)
surveillance system was in place, with a full-year calendar for every 12 months (January-
December). In 2010, the program launched a parallel severe acute respiratory illness (SARI)
system. However, the surveillance program for influenza and other respiratory viruses was

hampered by a reduction in surveillance sites, funding, and the implementation of simultaneous

Page | 30



surveillance systems, resulting in inconsistency in the program. As a result, this retrospective
investigation, which was nested within the surveillance program for influenza and other respiratory
viruses, focused on the ILI surveillance system. From 2007 to 2013, ILI surveillance provided
epidemiological evidence for HRSV, HPIV, and HAdVs which was reported through this
investigation. This data improves pandemic preparedness and reporting capabilities, as mandated
by the WHO 2005 IHR.

3.4. Sampling strategies

To obtain a sample size for this retrospective investigation, a convenience sampling strategy was
used. This strategy allowed to access a larger sample size from the database of ILI surveillance
system. The samples of ILI participants represented the ILI surveillance sites geographical location
which was important for epidemiological evidence for HRSV, HPIV and HAdV infections in
Kenya. The samples also represented the ILI surveillance timeline that led to the epidemiological
trend of HRSV, HPIV and HAdV infections in Kenya.

As described by lan Dahoo et al 2003, such non-probabilistic sampling strategies can be adapted
to the type of analysis carried in this retrospective investigation. However, the limitations of the
samples were discussed to provide clarity for better interpretation of the results.

3.5. Sample size determination

To study influenza and other respiratory viruses such as HRSV, HPIV, and HAdV, the WHO case
definition for influenza-like illness (ILI) was adopted [267]. The ILI surveillance system enrolled
17,261 people from eight hospitals in Kenya's various regions. From January 2007 to December
2013, the hospitals served as ILI surveillance sites where study participants were recruited and
registered. The ILI surveillance sample size was determined based on the laboratory's specimen

processing capacity and funding availability.

All 1L participants recruited through influenza and other respiratory virus surveillance program
were included in the target population of this investigation. Access to subjects from Northern areas
was limited due to security concerns and low population density, but otherwise, the study

population was a good representation of Kenya's diverse demographics and geographical regions.
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Although, there are the basic concept of statistics which entails a representative sample size to
estimate proportions. Based on the following formula; N=Z2PQ/d? whereas, it is assumed that
50% is the expected prevalence, the desired sample size (N), the expected prevalence in the target
population (P), the proportion of unknown respiratory viruses (Q=1-P), standard error (Z=1.96),

and the level of statistical significance (d=0.05). Furthermore, the comparison of two proportions

[za\/2pq-2zB \[P1q1 + P2q2 ]2
(P1-P2)2

calculation applies with the formula; N = Where, Za (the

value required for 95% confidence is Z0.05= 1.96), ZB (the value required for 80% power is
Z0.80=-0.84), p (a priori estimate of the proportion), and p1, p2 (the estimate of proportion in the

two groups) in an analytic study.

However, the surveillance program for influenza and other respiratory viruses had a larger sample
size (N= 17,261 participants), which was efficient to estimate the proportion, define trends and
perform a measure of associations. As a result, this investigation considered using the entire
sample size drawn from the surveillance program for influenza and other respiratory viruses as a
study population [339,340].

3.6. Source of data, and data management

The review dataset for the East Africa Community (EAC) was compiled from studies gathered
through a systematic review and meta-analysis. The dataset included published studies and
unpublished reports gathered between 2007 and 2020. The EAC partner states searched were
Kenya, Tanzania, Uganda, Rwanda, Burundi, and South Sudan. Only, Kenya Tanzania and
Uganda had available published and unpublished studies recorded in the dataset. To locate
published studies in Medline and Global Index Medicus database, search engines such as PubMed,
Google Scholar, and ScienceDirect were used. In addition, the EAC region’'s electronic databases
for health and research institutions were searched (Annex 1). Furthermore, where necessary, the

authors' correspondence was completed in order to verify and validate the data.

The author sourced unpublished data from these institutions in the EAC: Kenya Medical Research
Institute (KEMRI-Kenya), Kenyatta National Hospital (KNH-Kenya), National Institute for
Medical Research (NIMR1-Tanzania), Uganda Virus Research Institute (UVRI-Uganda),
Makerere University (MAK-Uganda), Mulago Hospital (MUH-Uganda), Rwanda Biomedical
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Center (RBC-Rwanda), and Institut National de Sante Public (INSP-Burundi). Other non-
governmental public health research programs in the East African Community were also consulted

for reports including those in South Sudan.

ILI dataset was extracted from KEMRI's influenza and other respiratory virus surveillance
program's Microsoft Access database. The dataset contained data records for ILI participants from
2007 to 2013. All ILI participants' identification numbers, diagnostic results for HRSV, HPIV, and
HAdVs (positive and negative), surveillance site location, time of illness onset, spatial information
(residence, village, or estate), demographics (age, gender, occupation), specimen type
(nasopharyngeal or oropharyngeal), date of specimen collection, and clinical characteristics were
all included in the records (Annex 2). Furthermore, the dataset of laboratory-confirmed positive
cases for HRSV, HPIV, and HAdVs were separately aggregated per time-series, surveillance sites,
and counties. All these aggregates data were obtained by sourcing only positive cases from the ILI
surveillance system access database. These aggregated data were compiled to perform trend

analysis, distribution and clusters’ analysis.

The additional datasets were obtained from a variety of sources. These datasets included Kenya
population data per county, spatial coordinates, and climate data. The population per county
dataset (Annex 3) included annual population counts data for each county that had at least one case
of HRSV, HPIV, or HAdV during the surveillance period (2007-2013). The Kenya National
Bureau of Statistics (KNBS) provided data on population per county based on national population
censuses conducted in 1999 and 2009 [341]. Furthermore, county populations for 2007 and 2008
were derived from inter-census annual population projection data (1999-2009). Only the 2009
population census counts for that year were recorded from KNBS. However, the population data
for the years 2010, 2011, 2012, and 2013 were derived from the inter-census (2009-2019) annual
population projection [342].

The spatial coordinate dataset included each surveillance site's latitude and longitude (Annex 4),
the location of the case's origin (estate or neighbourhood), and county centroids for case origin
(Annex 5). These data were gathered from geocoded areas in Kenya using the Google Earth Pro
tool [343]. The climate dataset included monthly mean land temperature data derived from Earth

Observing System Moderate Resolution Imaging Spectro-radiometer (MODIS) measurements
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aboard the Terra (EOS AM-1) spacecraft [344]. Furthermore, the rainfall data was obtained from
the African Rainfall Climatology (ARC) and transmitted via satellite cold cloud [345]. The
duration and daily rain gauge measurements were combined to produce a daily total rainfall
product. The Global Historical Climatology Network provided monthly air temperature data

compiled from various sources [346].

The time-series dataset included HRSV, HPIV, and HAdVs aggregate number of cases on a
monthly, quarterly, and annual basis. This dataset was compiled from the Influenza-Like IlIness
(IL1) surveillance system's primary dataset. Data were collected independently based on the
specific respiratory virus that caused the ILI and categorized per month, quarter, and year from
2007 to 2013. The Koppen-Geiger climate classification (1980-2016) at 1km resolution presented
climatic features with high baseline resolution [328]. The regional map of the present Kenya
climatic features was extracted from the global Koéppen-Geiger climate classification system
(1980-2016). The base map of Kenya administration boundaries and other geographical features
were obtained from the humanitarian data exchange (HDX) open data library [347]. The dataset
included the list of counties in Kenya with their respective surface and boundaries.

All datasets were recorded and managed in Microsoft Excel, Office Home and Student 2013.
However, spatial data which required file formatting were managed in qGIS 3.10.3- A Corufia and
SatScan version 9.6.1-Maryland. Also, other files including the raster data for climate features,
and shapefile for administrative, surface and boundaries of Kenya were recorded with gGIS 3.10.3-

A Corufia.

3.7. Data analysis

3.7.1. Eligibility criteria of published studies and unpublished reports

The eligibility criteria for the studies to be included in the systematic review and meta-analysis of
prevalence were defined (Annex 6). The review considered studies that reported HRSV, HPIV,
and HAdV infections confirmed by laboratory testing. The review also included studies that

enrolled participants with a variety of syndromes, such as acute respiratory tract infections in
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general, influenza-like illnesses (ILIs), severe acute respiratory illnesses (SARIs), and pneumonia.
The studies which documented asymptomatic cases were excluded. Other inclusion criteria

included age groups, study designs, publication language, and study period.

For studies that reported children, adults, or both, all age groups were considered. Furthermore,
the review included observational studies with prospective and retrospective designs, as well as
cross-sectional and cohort studies that were descriptive, analytical, or both. Individual case reports,
case series, letters to editors, commentaries, and qualitative studies were all excluded. For both
published and grey literature studies, the language of the search was limited to English. Inquiries
about Burundi were directed to the ministry of health in both English and French. Only studies
conducted between January 1st, 2007 and December 31st, 2020 were considered for inclusion in

the review.

3.7.2. Search strategies

The search strategies were developed and tested first on the Medline database. This was
accomplished through the use of keywords, Medical Subject Heading (MeSH) terminologies, and
synonyms. The search strategies were also tailored to the Global Index Medicus database as well
as grey literature (Annex 7). Data from published studies and unpublished reports that met the
eligibility criteria for the systematic review were recorded, verified, and validated. The initial
search was conducted by double-checking the text words contained in the title and abstract of the
index terms, which were used to describe the articles using keywords and MeSH terminologies
(Annex 8). In this way, a search strategy for sourcing published studies was developed to obtain
studies in EAC partner states (Kenya, Tanzania, Uganda, Rwanda, Burundi a. Furthermore, all
studies chosen for inclusion had their reference lists screened for additional publications.
Unpublished study searches were carried out using databases from government medical research
institutions, teaching hospitals, and university libraries in East African Community partner

countries previously cited.
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3.7.3. Citations management and data extraction

All citations identified were compiled and imported into the Zotero software (version 5.0), and
duplicates were removed. Titles and abstracts were re-screened against the eligibility criteria, and
studies meeting the criteria were retrieved in full and their details were imported into JBI
SUMARI. Two parallel reviewers thoroughly assessed the full texts of selected studies against the
eligibility criteria, with any disagreements resolved with a third investigator.

All selected studies were critically appraised for methodological quality. To accomplish this, two
independent reviewers used the Joanna Briggs Institute's standardized critical appraisal instrument.
This review followed the guidelines for systematic reviews of prevalence and incidence in the
manual, and it used the JBI SUMARI software, which can be found at /www.jbisumari.org. Any
disagreements that arose were resolved through discussion or with the assistance of a third

reviewer, as previously stated.

The data extracted from selected studies were included in the review by two independent reviewers
using a standardized data extraction tool in JBI SUMARI software. Specific information extracted
from the data included the names of the primary authors, the year of publication, the locality, the
age category, the length of the study period, the study design, the clinical condition, the specimen
type, the laboratory test, the number of cases, and the total population. Age was classified as under-

fives (<5 years old), fives and up (=5 years old), or uncategorized age (all ages).

Clinical conditions were recorded as acute respiratory tract infections in studies that looked at both
ILI and SARI (ARTIs). However, influenza-like illness (ILI) and severe acute respiratory illness
(SARI) were considered in studies that specified the syndromes separately. Pneumonia was
classified as a severe acute respiratory illness (SARI). The durations of the studies were divided
into three categories: less than five months (5M), six to twelve months (6M-12M), and more than
twelve months (>12M), indicating the short, medium, and long term, respectively. Microsoft

Excel, Office Home and Student 2013 was used to organize the extracted data (Annex 9).
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3.7.4. Risk of bias assessment

The risk of bias in the selected studies was assessed using an eight-variable rating scale [348-351].
Each study was given a score based on the number of variables that were well-defined and
reported. The variables included: i) a study period of at least three months to allow laboratory
processing of samples and analysis, ii) year of publication or documentation, iii) study area such
as study location or a country, iv) age group description, v) clinical condition or syndrome with
well-defined case definition, vi) standardized type of specimen collection, vii) laboratory
methodology and viii) type of study design. Each variable was given a score of one (yes) for a
well-defined record and a score of zero (no) for missing or unclear documentation. We summed
each variable score that ranged from 0 to 8, with score categories ranging from high risk “0-2”,

medium risk “3-5”, and low risk “6-8” for each study.

3.7.5. Data Synthesis

The studies that met the eligibility criteria were listed, and each variable of interest was extracted
and imported from JBI SUMARI to Microsoft Excel for synthesis. The analysis was performed by
using STATA®13 (StataCorp, College Station, TX). The dataset was reorganized and coded for
analysis. Besides, the “Metaprop” package in the STATA program performed additional meta-
analysis [352]. Initially, the crude numerators and denominators found in individual studies were
used to calculate the unadjusted prevalence (p) of HRSV, HPIV, and HAdV infections (1).

p=2x100 @)
Whereas, p is the crude prevalence, n the number of cases, and N population

The Freeman-Tukey double-arcsine transformation (2) technique was used with the metaprop
command to ensure that studies with very low or high prevalence were included in the overall
estimates [353]. This method stabilized the variance (3) of study-specific prevalence before using
a random-effects model (RE) to generate a pooled prevalence estimate (4) and to assess

heterogeneity [352]. The variance stabilizing transformation of proportions was given by:
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.= n . n+1
t = sin™? /— + sin™! |— (2)
N+1 N+1

Whereas n is the number of cases in the category, N is the number of population in the category.

The variance t was given by:

1

Var(t) = Y 3)
The back transformation to proportions was performed by:
0.5
1 . (sint 2 t) 2
p =3 y1lsgn(cost) |1 |sint + ~——2= 4)

Whereas “sgn” is the sign operator, N the population, and t the transformed value.

Given the observed heterogeneity between studies, the random-effects model allowed the effect to
vary across studies, resulting in more conservative estimates with wider confidence intervals [354].
It was carried out using the method of DerSimonian and Laird [354,355], with 95% confidence
intervals (Cls) estimated from exact binomial distribution (Clopper-Pearson) [356]. To assess
heterogeneity, the 12 statistic, Cochran's Q test, and subgroup analysis were used [357]. The
variation of in-between studies differences was as expressed by |2 statistical values’ percentage,
the interpretation was simplified with the “rule of thumb” [357—-359]. A substantial heterogeneity
was shown by the values of 12 >50%, from the ranking categories of minimal (I2< = 25%), low (I
= 25-49%), moderate (12 = 50-75%), and high (I>> = 75%) [357,359].

To assess publication bias, an egger test was run using a meta-bias command [360]. The P<0.10

for the Egger test indicated a significant in between studies publication bias [361-363].

The prevalence of infection was defined for countries, age categories, and clinical illnesses.
Besides, with a quantum geographical information system (qGIS), pie charts were generated to
display HRSV, HPIV and HAdV prevalence of the infections in the region. The variables of public
health importance were used to perform subgroup analysis. It included locality (Kenya, Tanzania,
or Uganda), illnesses (ILI, SARI, or ARTIs), and age categories (below five, five and above, or all
ages). The sensitivity analysis was accomplished using studies in Kenya, ARTIs, and below under

five years’ age category.
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To conduct this review, the Joanna Briggs Institute's guidelines for systematic reviews of
prevalence and incidence were followed. Besides, the report was written per the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Annex 10). This review
was registered under registration number CRD42018110186 in the International Prospective
Register of Systematic Reviews (PROSPERO).

3.7.6. Morbidity burden estimate

The Influenza-like illness (IL1) dataset was reviewed for errors and participant characteristics were
determined during an exploratory analysis. Further, a descriptive analysis was performed to
determine the morbidity burden of HRSV, HPIV, and HAdVs infections (5). The morbidity burden
of ILIs caused by HRSV, HPIV, and HAdVs was expressed as a proportion of laboratory-
confirmed cases over the total ILI cases recorded during the surveillance period [364]. Also,
HRSV, HPIV, and HAdVs proportion estimates were done for participant’s demographic

characteristics, clinical signs, surveillance sites, and the study period.

No.of laboratory—confirmed infection in the population at a specified time
P= x100 (5)

No.of total participants at that specified time

Whereas, P is the proportion to express ILI morbidity burden

3.7.7. Seasonality assessment

The HRSV, HPIV, and HAdVs cases were organized in monthly time series data and analyzed to
see if there was a seasonal pattern. A line plot was used to visualize the monthly cases from January
2007 to December 2013. To reduce noise, the number of cases was reorganized by an annual
quartile and displayed as a line plot for each respiratory virus. The plot was smoothed further by
applying the Discrete Fourier transformation (DFT) to the monthly time series data, as described
by Bloomfield, 2000 [365]. The DFT technique (6) facilitated the identification of HRSV, HPIV,
and HAdVs presence of clear seasonal patterns, if any.
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d (f) = R(f)e*V (6)

Whereas, R(f) is the magnitude/amplitude (size of the epidemic) and @(f) the phase (timing of
epidemic). It was anticipated 12 months (fo= 1/12) of a cycle component. A 12-months moving

average filter was done to extract the magnitude R(f) and the phase @(f) data (Annex 11).

Thereafter, to visualize seasonal patterns in the data for the study period (2007-2013), inverse
discrete Fourier transformation (IDFT) was computed prior. The de-trended data were padded with
zeros to increase the frequency of resolution [366]. The analysis was completed by use of
Microsoft Excel-NumXL software add-in, while STATA®13 (STATA Corporation, College

Station, TX, USA) was utilized to perform exploratory analysis.

3.7.8. Risk analysis

The outcome of HRSV, HPIV, HAdV presence(positive) or absence (negative) were verified for
each participant with a number of identification in the ILI dataset. This dataset was organized and
merged to participants’ demographic determinants such as age, gender, occupation, origin, sick
contact, school attendance, location/site, and year (illness onset). Climate (temperature, rainfall,
and humidity), seasons (quarter-1, quarter-2, quarter-3, and quarter-4) and clinical characteristics
were also joint determinants. Before measuring the difference in proportions with the chi-square
test and exact 95% confidence intervals (CI) during exploratory analysis, the covariate categories
were reviewed for obvious errors.

Furthermore, bivariate and multivariate logistic regression models (7) were used to measure the
association between the outcome of interest (presence or absence) of each virus (HRSV, HPIV,
and HAdVs) and covariates [340].

(a+bx)

_ e
=
1+ g@r) @)
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Whereas, p is the conditional probability of experiencing an event given the predictors or

covariates (x), constant intercept (a) and (b) the parameters to be estimated in the model.

The process of building and fitting all the logistic regression models was done with the logit
package in the STATA®13 program. After adjusting for predictors, the odds ratios and probability
value (p-value) were then reported for each virus outcome with a statistical significance level of
p<0.05. This analysis was stratified by covariate categories to account for the confounding factors.
The two-way interaction was assessed where necessary for predictors by adding a cross factor
product (*) in the model or hashtag symbol (#). The lower Bayesian Information Criterion (BIC)
indicated the best-fitted model [367].

3.7.9. Spatial-temporal analysis

The spatial datasets of HRSV, HPIV, and HAdV cases were separately explored and visualized to
identify obvious errors. Besides, the base map of Kenya administration boundaries was verified in
qGIS (V 3.10.3-A Coruiia) for the country coordinate projection and counties labels. Thus, the
base map was set together with the project coordinate projection (WGS84 UTM zone 37N/S). The
HRSV, HPIV, and HAdV cases distribution were displayed per county. The symbology of colour
categories was used to observe the pattern of a large to a small number of cases per county. A
higher number of cases was represented by a darker colour, while a lower number of cases was

represented by a lighter colour [368].

Kernel density estimation (KDE) was used to smooth the visualization by describing the spatial
distribution of HRSV, HPIV, and HAdV cases in terms of hotspot identification in the study area.
The Heat-map plugin in gGIS (V 3.10.3-A Corufia) created a density heat-map raster from a vector
layer's input point. HRSV, HPIV, and HAdV case points density was calculated based on the
number of case points in a location, which translated to the number of events per area unit. This
enabled the identification of hotspots using a 10 km kernel radius (kernel bandwidth) [368,369].

However, the significant positive spatial autocorrelation cannot be determined using KDE.
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Therefore, to detect significant positive spatial autocorrelation, a local Moran's | test (8) was
applied on HRSV, HPIV, and HAdV cases aggregated data from the counties [368]. The indicators

named “Local Indicators of Spatial Association (LISA)” were computed by:

;=7 X} j-iWii Z,  (8)

Where in a standardized form Z;and Z;were the observed values, and Wi; a spatial weights matrix

in row-standardized format.

The hotspots analysis plugin in qGIS enabled to complete local Moran's | test with the use of
queens ‘cases contiguity matrix and 999 random permutations and a statistical significance of 5%
level [370]. LISA detected spatial clusters with values in quadrants defined as hot spots (high-
high), cold spots (low-low), spatial outliers (high-low/low-high), and no significant local spatial
autocorrelation [371-374]. On the other hand, LISA did not provide spatial cluster or hotspot

characteristics.

Kulldorff's spatial scan statistic was used to account for various aspects of spatial pattern analysis
and identify cluster characteristics. Various datasets were prepared in the format required by the
SaTScan software (SatScan V9.6.1) to complete both analyses. A case file containing annual
HRSV, HPIV, and HAdV cases per county from 2007 to 2013, a coordinate file containing the
geographic coordinates of each county's centroid, and a population file containing the projected

total population per county from 2007 to 2013 were gathered.

The analysis was based on the discrete Poisson model to identify purely spatial clusters of HRSV,
HPIV, and HAdV cases by counties. On other hand, a space-time scan statistic was also used to
determine the presence of space-time clusters of HRSV, HPIV, and HAdV cases per year during
the study period. A Space-Time Poisson model was considered for the analysis of the study period
of 2007-2013[368,375].

To identify clusters in space and space-time, the incidence of HRSV, HPIV, and HAdV was
investigated retrospectively. SatSCan used a random process to search and test for a significantly
increased risk of HRSV, HPIV, and HAdV cases exceeding the expected number within the
specified spatial window [368,376]. The basic data used for the analysis were aggregated data per
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county and each year of the study period (2007 to 2013). This represented the regions in Kenya
that had cases identified via the surveillance program. The centroid coordinate of each county was
extracted using the qGIS geometry tool from the geocoded location of the Kenya administrative
boundaries vector layer. Using the centroids algorithm, a new point layer representing the centroids
of Kenya counties was created. From 2007 to 2013, the features (latitude and longitude) were
combined with annual HRSV, HPIV, and HAdV cases to the county centroid. This was done with
qGIS and then formatted for further cluster analysis in SaTscan. In the SatScan, a cylindrical
window with a circular geographic form based on each county centroid was used to identify
clusters. The window moved across the study area in both space and time. The circular base of the
cylinder represented a spatial dimension with a specified varying radius from 0 up to a maximum
value. The cylinder height characterized the temporal dimension with a 1 year of time precision.
The 50% maximum value was considered to represent the total population at risk in space and
time. It was assumed that HRSV, HPIV, and HAdV cases were a Poisson distribution for each
cylinder dimension. To evaluate the space and space-time clusters, it was assumed that cases were
distributed randomly in space and space-time. The likelihood ratio for each cluster was calculated
using the incidence of cases counted inside and outside the cylinder. The cylinder with the highest
likelihood ratio was identified as a primary cluster. The likelihood ratio statistics and p-values
were obtained using the 999 Monte Carlo randomizations test. This allowed significant space and
space-time clusters to be identified with a statistical significance level of 5% [376].

To test the clusters' robustness, sensitivity analysis was performed with different maximum
scanning window sizes ranging from 10% to 50% of the population at risk. Further, clusters were

visualized in gGIS to obtain a map of cluster location in study regions and periods.
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CHAPTER IV: THE RESULTS

4.1. The prevalence of Human Respiratory Syncytial Virus, Human Parainfluenza
Virus, and Human Adenoviruses in the East Africa Community (2007-2020)

4.1.1. Systematic review records

A systematic review of the literature found 1,005 published studies and 5 unpublished reports from
grey literature (Fig 5). The review retained 995 studies from 2007 to 2020 using the period filter,
with 990 having been published and 5 having been unpublished. After removing 188 duplicates,
807 were retained. Screening the abstracts and titles excluded a further 508 studies yielding 299
(of which 294 were published studies and 5 were unpublished). After screening for full articles,
only 26 publications were left. However, among these, 9 studies failed to report the outcome of
interest, 3 studies had undefined study designs, and 2 studies were missing critical information
needed to define clinical conditions and were therefore excluded. Hence the quantitative synthesis

(meta-analysis) retained a total of only 12 studies that met the eligibility criteria.

4.1.2. Characteristics of selected studies

The 12 eligible studies for the quantitative synthesis were published from 2009 to 2018 (Annex
12). Among those studies 10 reported HRSV, 8 HPIV, and 9 HAdV. Kenya had a large number of
studies, including (n=8, 80%) for HRSV, (n=6, 75%) for HPIV and (n=7, 77.7%) of HAdV.
Tanzania and Uganda each had one study that reported findings for all three respiratory viruses.
There were no studies available for Rwanda, Burundi, or South Sudan during the review period.
The majority of studies were cross-sectional by design and reported on the three respiratory
viruses. Acute respiratory tract infections (ARTIs) were recorded in the majority of studies
involving both ILI and SARI (n=6). ILI only was reported in a few studies (n=4). Furthermore,
SARI was only reported in two studies (n=2). Individuals of all ages were enrolled in 5 studies,
whereas participants under the age of five were only recruited in 4 studies. One study enrolled
participants aged five years and older only. The majority of the studies (n=7) were conducted over
a period of >12 months, while a few studies (n=2) were conducted over a short period of < 5

months and one study was conducted over a moderate period of 6-12 months.

Page | 44



The polymerase chain reaction was used as a diagnostic test in the majority of the studies (PCR).

As specimens, oropharyngeal swabs (OPS) and nasopharyngeal swabs (NPS) were used. Most
studies had a low risk of bias (Annex 13).

Figure 5. Review records

Records identified through published
database searching (n =1005)

Additional records identified through
unpublished sources (n=5)

Records removed by study period filter
(n=15)

A 4

Ad

Records retained after filtering studies by
study period (n=995)

Records excluded after removing duplicate
(n=188)

A 4

Records excluded after screening for
abstract and title (n =508)

Y

Records retained after removing duplicates and
screened for Title/ abstract (n =299)

Records excluded during full article
assessment (n =273)

Ad

Y

Records retained after full article assessment for
eligibility (n=26)

Full-text articles excluded for
the following reasons;

¢ 9 failed to report
outcome of interest

N e 3 had undefined study
design

o 2 had undefine clinical
conditions

v

Studies included in quantitative synthesis (meta-
analysis) (n=12)

The meta-analysis included all studies that were designed to report the prevalence of the three
viruses, HRSV, HPIV, and HAdV. However, not all of the studies reported evidence of infection
with each of the three viruses.
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Table 1. Study characteristics by respiratory viruses

Outcomes
Study

Locality
Kenya
Tanzania
Uganda
Clinical Condition
ILI

SARI

ARTIs*
Population
Under Five
Five and above
All ages**
Study design
Cross-sectional
Cohort

Study Period
Short-term (<
months)
Medium-term (6-12
months)
Long-term (>12
months)

Lab Test
Virus isolation
PCR
Specimens
OPS

NPS

OPS and NPS
Risk of Bias
Low risk
Moderate risk

HRSV HPIV
Number Proportion Number
(%)
(n) (n)
8 80 6
1 10 1
1 10 1
2 20 2
2 20 1
6 60 5
3 30 1
1 10 1
5 50 4
7 70 6
2 20 1
2 20 2
1 10 1
5 50 3
1 10 2
9 90 6
1 10 1
2 20 3
7 70 4
9 90 7
1 10 1

Proportion
(%)

75
12.5
12.5

25
62.5
12.5
12.5
12.5

50

75
12.5

25
12.5
37.5

25

75
12.5
37.5

50

87.5
12.5

HAdV
Number

(n)

8
1

Proportion

(%)

*ARTIs studies of both ILI and SARI. **All ages included uncategorized age groups. OPS=oropharyngeal swabs,
NPS=nasopharyngeal swabs, PCR=polymerase chain reaction, ARTI=acute respiratory tract infection, ILI=influenza-like illness,
SARI=severe acute respiratory illness, HRSV=human respiratory syncytial virus, HPIV=human parainfluenza virus, and

HAdV=human adenovirus
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22.2
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55.5
22.2
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7.7
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44.4
22.2
7.7
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33.3
55.5

88.8
111



4.1.3. Prevalence of Human Respiratory Syncytial Virus, Human Parainfluenza Virus and Human

Adenoviruses

Based on data from 10 studies involving a total of 22,627 participants, the pooled prevalence of
HRSV was 11% (95% CI: 7-15) in the general population (Fig 6). Furthermore, 18,619 people
participated in 6 ARTIs studies, while 1,230 people participated in 2 ILI studies. There were

only 2 SARI studies of 2,778 participants. Overall, inter-study heterogeneity was high, with

12=98.8% and p<0.0001.

Figure 6. Pooled prevalence of HRSV in ARTIs, ILI, and SARI
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With a total of 28,363 participants from 8 studies, the pooled prevalence estimate for HPIV was
9% (95% CI: 7-11) (Fig 7). The total number of participants in the 5 ARTIs studies was 12,723
while the total number of participants in the 2 ILI studies was 15,359. In addition, 281

participants were recorded in 1 SARI study. All of the studies were found to have a high level

of heterogeneity, with 12=95.4% and p<0.0001.

Figure 7. Pooled prevalence of HPIV in ARTIs, ILI, and SARI
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The pooled prevalence of HAdV was 13% (95 % CI: 6-21) in 9 studies, with a total of 28,829
participants (Fig 8). There were 5 ARTIs studies, with 12,723 participants, and 2 ILI studies,
with 13,328 participants. In addition, 2,778 participants were enrolled in 2 SARI studies. The
overall heterogeneity was high, with 12=99.6% and p<0.0001 estimates.

Figure 8. Pooled prevalence of HAdV in ARTIs, ILI, and SARI
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When estimating the overall pooled prevalence for three viruses, significant heterogeneity was
observed in the included studies. This was also observed for subgroup estimates based on
syndromes, age groups, and locations (Table 2).
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The distribution of the pooled prevalence for HRSV, HPIV and HAdV varied in EAC partner

states with available data (Fig 9), syndromes and age groups.

Figure 9. Distribution of HRSV, HPIV and HAdV in three EAC partner states between 2007 and
2020

-

Legend

Africa Major Rivers
[ Africa Water-body

s

| HAQV(9%) [Fos
1 EAC Partner States
(4 ’ Kenya
Q. i Uganda
v s ; Tanzania
”~ : ' State boundaries

-

The prevalence of HRSV, HPIV and HAdV from pooled studies in Kenya were 10% (95% CI: 6-
15), 9% (95% CI: 7-11) and 14% (95% CI: 7-25) respectively. For Tanzania, the pooled
prevalence for HRSV was 29 % (95 % CI: 24-35), whereas HAdV and HPIV prevalence were 9%
(95% CI: 6-12) and 10 % (95 % CI: 7-14), respectively. In Uganda, the pooled prevalence of
HRSV, HPIV, and HAdV was 3% (95% CI: 2-6), 6% (95 %ClI: 4-9), and 8% (95 %ClI: 5-12),
respectively. When the ARTIs was investigated for the studies, a pooled prevalence of 10% (6-15;
95% CI) was found for HRSV, 9% (7-11; 95% CI) for HP1V, and 12% (3-27; 95% CI) for HAdV.
HRSV, HPIV, and HAdV pooled prevalence estimates from ILI studies were 5% (95 % CI: 4-7),
5% (95 % CI: 5-6), and 3% (95 % CI: 3-3.5), respectively. On the other hand, the estimates from
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SARI studies were 22% (95 % CI: 20-23) for HRSV, 16% (95 % CI: 12-21) for HPIV, and 18%
(95 % CI: 16-19) for HAdV.

HRSV, HPIV, and HAdV had an estimated prevalence of 9 % (95 % CI: 5-14), 9 % (95 % CI. 6-
12), and 12 % (95 % CI: 4-24) respectively in studies that included participants of all ages. HRSV
pooled prevalence was 10% (95 % ClI: 2-24), HPIV was 6% (95 % CI: 4-9), and HAdV was 15%
(95 % CI: 13-16) in studies that only enrolled children under the age of five. HRSV pooled
prevalence was similar in the studies that enrolled people aged five years and above only, at 10%
(95 %ClI: 6-15), whereas HPIV and HAdV prevalence were at 14% (95% CI: 9-21) and 30% (95
% CI: 23-37), respectively.

Summary statistics of HRSV (Table 2), HPIV (Table 3), and HAdV (Table 4) including Egger's
test indicated no evidence of publication bias. While significant heterogeneity was observed in
both the overall and in subgroup analysis, no publication bias was detected in subgroup analyses
that had enough studies (ARTIs, All ages, and Kenya) to assess sensitivity. When performing
sensitivity analysis on ART]I studies, similar prevalence to the overall prevalence was observed:
12 % (95 % CI: 3-27) for HAdV, 10 % (95 % CI: 6-15) for HRSV, and 9% (95% ClI: 7-11) for
HPIV. Furthermore, studies involving people of all ages found a pooled prevalence for HAdV of
12% (95 % CI: 4-24), HRSV of 9% (95 % CI: 5-14), and 9% (95 % ClI: 6-12) for HPIV. In Kenya,
the prevalence of HAdV, HRSV, and HPIV was reported to be 14 % (95% CI: 7-25), 10 % (95 %
Cl: 6-15), and 9 % (95 % CI: 7-11), respectively.
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Table 2.Summary statistics of human respiratory syncytial virus’ prevalence

Outcome

Groups Studies
(n)

Overall 10

Syndromes

ARTIs 6

ILI 2

SARI 2

Age

All age 5

Under Five 3

Five and above 1

Locality

Kenya 8

Tanzania 1

Uganda 1

Cases

(n)
2358

1685
69
604

1641
626
16

2271
75
12

Pop

(N)

22627

18619
1230
2778

18456
3746
168

22001
257
369

Crude
Prev.

(95%Cl)
10 (10-11)

9 (8-9)
5 (4-7)
22 (20-23)

9 (8-9)
16 (15-18)
9 (5-15)

10 (10-11)
29 (23-35)
3 (1-5)

HRSV
Pooled
Prev.

(95%Cl)
11 (7-15)

10 (6-15)
5 (4-7)
22 (20-23)

9 (5-14)
10 (2-24)
10 (6-15)

10 (6-15)
29 (24-35)
3 (2-6)

P-value
(Egger)

0.618

0.763

P-value

(hetero-
geneity)

<0.0001

<0.0001

<0.0001

<0.0001

N: population, prev.: prevalence, Cl: confidence interval, 12 (index value): the variation in effect sizes attributable to heterogeneity, P: probability value, ARTI=acute respiratory tract
infection, ILI=influenza-like illness, SARI=severe acute respiratory illness, HRSV=human respiratory syncytial virus
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Table 3. Summary statistics of human parainfluenza virus’ prevalence

Outcome HPIV
Groups Studies Cases  Pop Crude Pooled 12 P-value P-value
Prev. Prev.
(Egger) (hetero-

(n) (n) (N) (95%CI) (95%CI) (%) geneity)
Overall 8 1905 28363 7 (6-7) 9 (7-11) 95.4 0.179 <0.0001
Syndromes
ARTIs 5 1037 12723 8 (7-8) 9 (7-11) 90.7 0.681 <0.0001
ILI 2 823 15359 5 5 (5-6) - - -
SARI 1 45 281 16 (12-20) 16 (12-21) - - -
Age
All age 4 1029 12561 8 (8-9) 9 (6-12) 94.3 0.706 <0.0001
Under five 1 25 388 6 (4-9) 6 (4-9) - - -
Five and above 1 24 167 14 (9-21) 14 (9-21) - - -
Locality
Kenya 6 1857 27737 6 (6-7) 9 (7-11) 96.6 0.205 <0.0001
Tanzania 1 26 257 10 (7-14) 10 (7-14) - - -
Uganda 1 22 369 6 (4-9 6 (4-9) - - -

N: population, prev.: prevalence, Cl: confidence interval, I (index value): the variation in effect sizes attributable to heterogeneity, P: probability value, ARTI=acute respiratory tract
infection, ILI=influenza-like illness, SARI=severe acute respiratory illness, HPIV=human parainfluenza virus
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Table 4. Summary statistics of human adenoviruses’ prevalence

Outcome
Groups

Overall
Syndromes
ARTIs

ILI

SARI

Age

All age
Under Five
Five and above
Locality
Kenya
Tanzania
Uganda

N O

N O

7
1
1

Cases

(n)

2537

1614
417
506

2039
427
50

2484
21
32

Pop

(N)

28829

12723
13328
2778

25520
2885
167

28203
257
369

Crude
Prev.

(95%Cl)

9 (8-9)

13 (12-13)
3
18 (17-20)

8 (7-8)
15 (13-16)
30 (23-37)

9 (8-9)
8 (5-12)
9 (6-12)

HAdV
Pooled
Prev.

(95%Cl)

13 (6-21)

12 (3-27)
3(3-3.5)
18 (16-19)

12 (4-24)
15 (13-16)
30 (23-37)

14 (7-25)
8 (5-12)
9 (6-12)

P-value

(Egger)
0.337

P-value

(hetero-
geneity)
<0.0001

<0.0001

<0.0001

<0.0001

N: population, prev.: prevalence, Cl: confidence interval, 12 (index value): the variation in effect sizes attributable to heterogeneity, P: probability value, ARTI=acute respiratory tract

infection, ILI=influenza-like illness, SARI=severe acute respiratory illness, HAdV=human adenovirus
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4.2. Morbidity burden of ILI, Seasonality, and Factors Associated with the Human
Respiratory Syncytial Virus, Human Parainfluenza Virus, and Human Adenovirus
Infections in Kenya (2007-2013)

For the study period of January 2007 to December 2013, the ILI surveillance program recruited
17,261 participants from the eight surveillance sites. HRSV and HAdVs were not subtyped in
this study, and only the three subtypes of HPIV 1-3 had laboratory subtype data. The sites with
a high proportion of participants included (17%) Kisii, (17%) New Nyanza and (16%) Mbagathi
(Table 5). Port Reitz enrolled a lower number of study participants (12%). Besides, Kericho and
Alupe had (11%) each, while Malindi and Isiolo had (10%) each of the study participants.
HRSV- caused morbidity burden of influenza-like illness was 3.1% (2.8-3.3; 95% CI) in overall.
Besides, 5.3% (5.0-5.6; 95% CI) was caused by HPIV and 3.3% (3.1-3.6, 95% CI) by HAdV.
The most dominant HPIV types was (38.6 %) HPIV-3 and (34.1 %) HPIV-1, whereas HPIV-2
was only (10.4%). Multiple HPIV coinfections accounted for 16.8 % of all HPIV cases.

The proportions of ILI caused by HRSV, HPIV, and HAdV varied demographically (Table 5).
HRSV-caused ILI differed significantly across the age groups (p<0.001), as were the ILIs due
to HPIV and HAdV. In addition, differences in the proportions for HRSV (p=0.023), HPIV
(p=0.001), and HAdV (p=0.012) were observed among occupation categories. For HRSV, HPIV,
and HAdV infections, there was a significant difference in the proportion of participants who
attended school (p<0.001) compared to non-school attending participants.

The proportion of ILI caused by HRSV, HPIV, and HAdV varied significantly across
surveillance sites and over the course of the surveillance period. Infections with HRSV, HPIV,
and HAdV were found at all surveillance sites, with varying distributions. HRSV infections were
found high in Malindi (5%), Port-Reitz (4%), and Kisii (4%). Nevertheless, other surveillance sites
had lower proportions of HRSV infections. Malindi, Port-Reitz, Kisii, Kericho, and Isiolo had high
proportions of HPIV infections whereas HAdV infections were found to be high in Malindi (5%),
New-Nyanza (4%) and Mbagathi (4%).
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Table 5. Demographic characteristics of study participants by respiratory viruses

Variable/
Outcome
Overall

Gender
Male
Female

Age

<lyear

2 to 4 years
5to < 18years
19-49 years
50+ years
Occupation
Children
Students
Others
Origin
Urban
Rural

Sick contact
Yes

No

Attend school
Yes

No

Total
Population
N (%)
17261

8998(52)
8263(48)

9650(56)
6139(35)
1163(7)
300(2)
9(0.05)

16482(95)
420(2)
355(2)

16932(98)
319(2)

6001(35)
11245(65)

3191(18)
14052(81)

Positive

n (%)
539 (3)

290(3)
249(3)

351(4)
166(3)
20(2)
2(0.6)
0(0)

528(3)
9(2)
2(0.5)

532(3)
7(2)

174(3)
365(3)

60(2)
479(3)

HRSV

Negative Chi-
square
n (%) P-value
16722 (97)
0.429
8708(97)
8014(97)
<0.001
9299(96)
5973(97)
1143(98)
298(99)
9(100)
0.023
15954(97)
411(98)
353(99)
0.335
16400(7)
312(98)
0.213
5827(97)
10880(97)
<0.001
3131(98)
13573(97)

Positive

n (%)
922(5)

470(5)
452(5)

557(6)
327(5)
32(3)
6(2)
0(0)

905(5)
11(3)
6(2)

902(5)
20(6)

308(5)
614(5)

123(4)
798(6)

HPIV
Negative

n (%)
16339(95)

8528(95)
7811(94)

9093(94)
5812(95)
1131(97)
294(98)
9(100)

15577(95)
409(97)
349(98)

16030(95)
299(94)

5693(95)
10631(95)

3068(96)
13254(94)

Chi-
square
P-value

0.471

<0.001

0.001

0.458

0.362

<0.001

Positive

n (%)
581(3)

322(4)
259(3)

391(4)
175(3)
14(1)
1(0.3)
0(0)

567(3)
13(3)
1(0.2)

574(3)
7(2)

192(3)
389(3)

60(2)
521(4)

HAdVs
Negative

n (%)
16680(97)

8676(96)
8004(97)

9259(96)
5964(97)
1149(99)
299(99)
9(100)

15915(97)
407(97)
354(99)

16358(97)
312(98)

5809(97)
10856(97)

3131(98)
13531(96)

Chi-
square
P-value

0.106

<0.001

0.012

0.241

0.368

<0.001
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Table 5. Demographic characteristics of study participants by respiratory viruses

Variable/
Outcome
Location*

Alupe
Isiolo
Kericho
Kisii
Malindi
Mbagathi
New Nyanza
Port Reitz
Year
2007
2008
2009
2010
2011
2012
2013

1884(11)
1347(8)

1996(11)
2950(17)
1327(7)

2810(16)
2938(17)
2009(12)

2925(17)
3052(18)
3806(22)
3027(17)
2289(13)
1338(8)
824(5)

*ILI surveillance sites location

30(2)
44(3)
64(3)
128(4)
62(5)

22(1)
103(4)
86(2)
116(4)
140(6)
53(4)
19(2)

HRSV

1854(98)
1303(97)
1932(97)
2822(96)
1265(95)
2764(98)
2859(97)
1923(96)

2903(99)
2949(96)
3720(98)
2911(96)
2149(94)
1285(96)
805(98)

<0.001

<0.001

75(4)
79(6)
127(6)
177(6)
80(6)
125(4)
142(5)
117(6)

82(3)

185(6)
123(3)
188(6)
138(8)
110(8)
96(12)

HPIV

1809(96)
1268(94)
1869(94)
2773(94)
1247(94)
2685(96)
2796(95)
1892(94)

2843(97)
2867(94)
3683(97)
2839(94)
2151(94)
1228(92)
728(88)

0.002

<0.001

30(2)
33(2)
65(3)
94(3)
68(5)
117(4)
108(4)
66(3)

133(5)
101(3)
131(3)
102(3)
44(2)
52(4)
18(2)

HAdVs

<0.001
1854(98)
1314(98)
1931(97)
2856(97)
1259(95)
2693(96)
2830(96)
1943(97)
<0.001
2792(95)
2951(97)
3675(97)
2925(97)
2245(98)
1286(96)
806(98)
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The participants’ enrolled in the ILI surveillance system presented with several clinical signs
(Fig 10). Among the most common symptoms were fever (100%), cough (98%), runny nose
(87%), and nasal stuffiness (53%). Other clinical characteristics including difficulty in breathing,
malaise, fatigue, muscle aches, diarrhoea, headache, vomiting, sore throat, sputum production,
abdominal pain, joint pain, retro-orbital pain, bleeding, and neurological signs were counted in
less than (35%) of the ILI participants. HRSV, HPIV, and HAdV infections caused various
symptoms of which the proportion was specific to the virus type (Annex 14). After adjusting for
age, none of the clinical characteristics, except for fever and cough, were significantly associated
with HRSV, HPIV, and HAdV among the participants (Annex 15).

Figure 10. Proportion of participant’s clinical characteristics
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In a quarterly pattern, HRSV, HPIV, and HAdV circulated throughout the 7-year surveillance
period from 2007 to 2013 (Fig 11). HRSV activity had three major peaks following the years
2008, 2010, and 2011. HPIV was the most dominant of the three respiratory viruses, with spikes
of HPIV cases occurring irregularly throughout the surveillance period. On other hand, HAdVs
had two major erratic spikes observed in 2007 and 2009, and the number of cases decreased

gradually toward 2013.
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Figure 11. Quartile trend of the HRSV, HPIV, and HAdV during the study period
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* Quarterly trend of Influenza-like illness (IL1) by HRSV, HPIV, and HAdVs, Kenya (2007-2013). Human

respiratory syncytial virus (HRSV), human parainfluenza virus (HP1V), and human adenoviruses (HAdVSs).

HRSV seasonal peak was well defined and appeared in April-May each year of the surveillance
period (Fig 12). The seasonal trends of HPIV and HAdV cases revealed no clear pattern through

the Fourier series analysis.
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Figure 12. The monthly trend of the HRSV, HPIV, and HAdV during the study period
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*Monthly trend of Influenza-like illness (ILI) by HRSV, HPIV, and HAdVs, Kenya (2007-2013). Human
respiratory syncytial virus (HRSV), human parainfluenza virus (HPIV), and human adenoviruses (HAdVs). The
inverse discrete Fourier transform (IDFT) represents the monthly periodicity trend for every 12 months cycle. Blue
dots denote the observed seasonal peak of HRSV around April-May.

HRSV, HPIV, and HAdV infections were significantly associated with factors including
demographics, season, and climate (Table 6). The proportions of all three respiratory viruses
were higher in Infants than in other age groups. Furthermore, HRSV was more likely to occur
(OR: 2.73) in the Jan-March quarter (Q1) and the Apr-Jun quarter (Q2) (OR: 3.01) than in the
Oct-Dec quarter (Q4). HRSV infections were more likely to occur in hot land surface
temperature (>40°C) than cooler land surface temperature (<30°C) (OR: 2.75). Besides, HRSV
infections were more likely to occur (OR: 1.68) in the warmer air temperature range (19-22.9°C)
than in cooler air temperature (<19°C), and more likely (OR=1.32) in moderate rainfall (150-

200mm) compared to low rainfall (<150mm).

Both HPIV and HAdV infections were not associated with either season or climatic conditions.
However, HAdV infections were more likely (OR=2.25) to occur in higher land surface

temperature (>40°C) compared to cooler land surface temperature (<30°C).
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Table 6. Factors associated with the human respiratory syncytial virus, human parainfluenza virus, and human adenoviruses

Variable/Outcome

Age
<lyear
2 to 4 year

5 to < 18year
19-49 year

50+ year
Quartile
Oct-Dec(Q4)
Jan-March(Q1)

Apr-Jun(Q2)

Jul-Sept(Q3)

HRSV
Crude
OR*
(95% ClI)

Ref

0.73(0.61-
.088)
0.46(0.29-
0.73)
0.17(0.04-
0.71)

NA

Ref
3.10(2.32-
4.14)
2.98(2.23-
3.97)
0.94(0.66-
1.35)

Value

<0.001

0.001

0.001

0.015

<0.001

Adjusted
OR*
(95%Cl)

Ref

0.75(0.62-
0.91)
0.50(0.31-
0.79)
0.19(0.04-
0.77)

Ref
2.73(2.00-
3.73)
3.01(2.23-
4.07)
1.05(0.73-
1.52)

Value

0.003

0.003

0.02

<0.001

<0.001

0.768

HPIV
Crude
OR*
(95% ClI)

Ref

0.91(0.79-
1.05)
0.46(0.32-
0.66)
0.33(0.14-
0.75)

Ref
0.77(0.63-
0.93)
1.07(0.90-
1.28)
0.69(0.56-
0.84)

*Q1: quarter one; *Q2: quarter two; *Q3: quarter three; *Q4: quarter four

P-
Value

<0.001

0.235

<0.001

0.008

<0.001

Adjusted
OR*
(95%Cl)

Ref

0.90(0.78-
1.03)
0.45(0.31-
0.66)
0.33(0.14-
0.76)

Ref
0.83(0.68-
1.02)
1.07(0.90-
1.27)
0.71(0.58-
0.87)

Value

0.153

<0.001

0.009

0.091

0.432

0.001

HAdVs
Crude
OR*
(95% ClI)

Ref
0.69(0.57-
0.83)
0.28(0.16-
0.49)
0.07(0.01-
0.56)

Ref
0.69(0.54-
0.88)
0.74(0.58-
0.93)
0.90(0.71-
1.13)

Value

<0.001

<0.001

<0.001

0.011

0.0082

Adjusted  P-
OR* Value
(95%Cl)

Ref

0.69(0.58-  <0.001
0.83)

0.29(0.17- <0.001
0.49)

0.08(0.01- 0.013
0.59)

Ref

0.62(0.47- <0.001
0.80)

0.81(0.63- 0.101
1.04)

0.87(0.69- 0.28
1.11)
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Table 6. Factors associated with the human respiratory syncytial virus, human parainfluenza, and human adenoviruses

Variable/Outcome HRSV HPIV HAdVs
Crude P- Adjusted | P- Crude P- Adjusted  P- Crude P- Adjusted
OR* Value OR* Value OR* Value OR* Value OR* Value OR*
(95% ClI) (95%Cl) (95% ClI) (95%Cl) (95% ClI) (95%Cl)
LTM LST* <0.001 0.0048 0.0032
Cooler(<30°C) Ref Ref Ref Ref Ref Ref
Warmer(30-39.9°C) 1.05(0.87- 0.93(0.75- 0.529  0.85(0.74- 0.90(0.78- 0.199  0.96(0.80- 1.02(0.85-
1.25) 1.15) 0.98) 1.05) 1.14) 1.23)
Hot(>40°C) 3.42(2.44- 2.75(1.79- <0.001 0.51(0.29- 0.56(0.32- 0.041  2.00(1.36- 2.25(1.48-
4.78) 4.23) 0.87) 0.97) 2.95) 3.43)
MM AT* 0.0001 0.5487 0.7885
Cooler(<19°C) Ref Ref Ref Ref
Warmer(19-22.9°C) 2.23(1.38- 1.68(1.03- 0.037 1.15(0.88- 1.06(0.76-
3.60) 2.76) 1.51) 1.47)
Hot(>23°C) 2.59(1.58- 1.61(0.95- 0.072 1.11(0.83- 0.99(0.70-
4.23) 2.73) 1.49) 1.41)
LTM rainfall* <0.001 0.3126 0.0337
Low (<150mm) Ref Ref Ref Ref Ref
Moderate(150-200mm) | 1.62(1.30- 1.32(1.05- 0.016 1.08(0.89- 0.86(0.67- 0.93(0.72-
2.01) 1.66) 1.30) 1.11) 1.21)
Heavy(>200mm) 1.67(1.25- 1.04(0.75- 0.781 1.19(0.93- 0.63(0.43- 0.66(0.43-
2.22) 1.44) 1.52) 0.93) 1.00)

* LTM LST: Long term mean land surface temperature; * MMAT: monthly mean air temperature; * LTM rainfall: long term mean rainfall; *Q1:
quarter one; *Q2: quarter two; *Q3: quarter three; *Q4: quarter four
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0.775

<0.001

0.627
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4.3. The Spatial and Spatio-temporal Distributions of Human Respiratory Syncytial
Virus, Human Parainfluenza Virus, and Human Adenoviruses in Kenya (2007-2013)

HRSV was reported in 13 counties (n=539) during the surveillance period of 2007-2013.
Furthermore, HPIV and HAdV were described in 14 counties (n=922) and 11 counties (n=581),
respectively (Fig 13).

Figure 13. Summary statistics of HRSV, HPIV, and HAdVs cases and counties in Kenya (2007 -
2013)

u HRSV = HPIV = HAdV

*Human respiratory syncytial virus (HRSV), human parainfluenza virus (HP1V), and human adenoviruses (HAdVs)

The cases of HRSV, HPIV and HAdV distribution varied geographically by county (Fig 14).
Kisii county had the highest number of HRSV cases (n=121), while Meru county had the lowest.
Besides, Kisii county had the highest number of HPIV cases (N=171), while Nyamira,
Machakos, and Homa Bay counties had the lowest number (n=1). Nairobi county had a high
number of HAdV cases (n=114), while Kiambu county had a low number (n=1).
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Figure 14. Geographical distribution of (a) Human respiratory syncytial virus (HRSV); (b)

Human parainfluenza virus (HPIV); and (c¢) Human adenoviruses (HAdV) cases per county in
Kenya (2007-2013).
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Kernel density estimate revealed the regions with a high density of cases for HRSV, HPIV, and
HAdVs hotspots (Fig 15). The locations were denoted by the color of red, orange and purple
respectively. HRSV hotspots were identified in the western and coastal regions. HPIV hotspots
were found in the coastal, central, and western regions. Similarly, HAdV hotspots were observed

in the coastal, central, and western regions.

Figure 15. The geographical location of (a) Human respiratory syncytial virus (HRSV); (b)
Human parainfluenza virus (HPIV); and (c) Human adenoviruses (HAdV) hotspots in Kenya
(2007-2013)
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The Local Moran’s | indicated spatial autocorrelation with significant local hotspots or clusters
of HRSV, HPIV, and HAdVs (Fig 16). The three respiratory viruses had a significant positive

autocorrelation of local clusters in the western region of the country.

Figure 16. Geographical locations significantly associated with (a) Human respiratory syncytial
virus (HRSV); (b) Human parainfluenza virus (HPIV); and (c) Human adenoviruses (HAdV)
hotspots/clusters in Kenya (2007-2013)
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HRSV had a positive hotspot or cluster (high-high/HH) with a p-value (p=0.004) that covered
counties including Kericho, Kisumu, and other adjacent counties. In addition, a positive HRSV
hotspot (high-high/HH) was noted with a statistically significant p-value (p=0.02) in the adjacent
area of HomaBay county. However, the observed HRSV cases in the adjacent area of the Bomet
county were an outlier cluster (High-Low/HL or Low-High/LH) with a p-value (p=0.002).

HPIV positive hotspots (high-high/HH) were found in Busia, Kisumu, HomaBay, and
neighbouring counties, with p-values ranging from (p=0.002) to (p=0.04). The adjacent region
contained outlier clusters (High-Low/HL or Low-High/LH) of HPIV cases with p-values ranging
from (p=0.002) to (p=0.03).

HAdV positive hotspots (high-high/HH) were identified in Busia, Kisumu, HomaBay, and
neighbouring counties, with p-values ranging from (p=0.002) to (p=0.03). Outlier clusters (High-
Low/HL or Low-High/LH) with p=0.03 were found in neighbouring areas.

The results of the purely spatial scan statistic revealed statistically significant primary and
secondary spatial clusters (P <0.05) for HRSV, HPIV, and HAdVs occurrence (Fig 17).

The HRSV cases had a primary cluster with a 55Km radius in the western region, the cluster
covered Kericho, Bomet, and Kisumu counties. There was also an overlapping secondary cluster
with an 80-kilometer radius that included Nyamira and Kisii counties. Other secondary clusters

were less likely and had a radius of below a kilometer.

A primary cluster of HP1V was identified over the western region with 80Km radius, this cluster
covered Kericho, Kisumu, Nyamira, and Kisii counties. The secondary clusters were found in
different regions including the coastal area (Mombasa County) and eastern north region (Isiolo

County) with a radius of less than a Km.

HAdVs primary cluster was located within 80Km radius covering Kericho, Kisumu, and Kisii
counties. A secondary cluster of HAdVs with less than a 1 Km radius was identified in Isiolo

County.
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Figure 17. Purely spatial clustering of (a) Human respiratory syncytial virus (HRSV); (b)
Human parainfluenza virus (HP1V); and (c) Human adenoviruses (HAdV) cases in Kenya (2007-

2013)
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The spatial and temporal distribution of HRSV, HPIV and HAdV cases in Kenya was revealed by

spatiotemporal cluster analysis, indicating distinct characteristics (Fig 18).

Figure 18. Spatiotemporal clustering of (a) Human respiratory syncytial virus (HRSV); (b)
Human parainfluenza virus (HP1V); and (c) Human adenoviruses (HAdV) cases in Kenya (2007-

2013)
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HRSV's primary cluster was identified with a 93Km radius in the coastal region. The cluster
covered Mombasa and Kilifi counties from 2009 to 2011. A secondary cluster of HRSV was
found in the western region with an 80 Km radius covering Bomet, Nyamira, Kisii, Kericho, and
Kisumu Counties and occurred from 2010 to 2011. The HPIV primary cluster occurred in the
western region from 2008 to 2010, with a radius of 80 kilometers that covered Kericho, Kisumu,
Nyamira, and Kisii counties. Both secondary clusters identified in Mombasa and Isiolo counties
had a radius of less than one Km and the clusters occurred at different time periods of 2008-2012
and 2010-2012 respectively.

The primary cluster of HAdVs occurred in the coastal region, including Kilifi and Mombasa
counties with a 93-kilometer radius, the cases were documented from 2008 to 2009. From 2007
to 2009, a secondary cluster of HAdVs occurred in the western region, covering Kericho,
Kisumu, and Kisii counties within an 80-kilometer radius. Besides, another HAdVs secondary
cluster was recorded in Isiolo county from 2010 to 2012 with a radius of less than a Km.
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CHAPTER V: DISCUSSION AND CONCLUSIONS

5. 1. Discussion

In response to the World Health Organization's International Health Regulations of 2005 (WHO
IHR 2005), the majority of EAC partner states established ILI and/or SARI surveillance systems
in collaboration with WHO to strengthen global health security. The first influenza and other
respiratory surveillance program were established in Kenya (2006), followed by Uganda (2007),
Rwanda (2008), and Tanzania (2009)[377,378]. South Sudan and Burundi had no known
surveillance programs [379]. Only data from Kenya, Tanzania, and Uganda were available during

the systematic review and meta-analysis (2007-2020).

The overall HRSV pooled prevalence was estimated at 11% in EAC, which is nearly similar to a
previous estimated figure of 14.6% pooled prevalence in Africa among people with ARTIs [380].
From other geographical regions, HRSV pooled prevalence was estimated at 18.7% among
patients with ART in China [381]; this estimate was higher than that reported in EAC. However,
HRSV pooled prevalence was 22% among SARI patients in China, reported in the same review
[381]. This estimate was consistent with the findings of the review among the SARI population in
EAC. Although the Chinese study found a higher pooled prevalence of HRSV (26.5%) among
infants, the data in this study revealed that the HRSV pooled prevalence of 10% was the same for
those under five and those aged five years and above in EAC. These estimate could be attributed
to the studies’ population size, sampling methods, distribution, study period, and studies’ design

among others.

In EAC, the overall HPIV pooled prevalence was 9%. Previously, some studies reported HPIV
prevalence estimates that were closer to this. Thus, in Cameroon, 7.5% of people with ILI had
HPIV in 2012 [382], which was slightly higher than the HPIV pooled prevalence of 5% found in
this systematic review for ILI patients. In Latin America, the estimated HPIV prevalence of 3.2%
was slightly lower among people with ILI [383]. This systematic review, on the other hand,
discovered a 16% HPIV prevalence among SARI patients, which was higher than 4.8% reported
among SARI patients in China [384]. The HPIV pooled prevalence of 14% among patients aged

five years and older confirms previous findings from other studies conducted in the same age
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groups [100,114,115,385]. The estimates were higher than that of 6% found in younger patients

aged below five years.

The overall HAdV pooled prevalence was 13% in EAC. This figure is slightly higher than the
9.8% reported in an individual study conducted in the Eastern Mediterranean region [386]. The
difference could be attributed to the distinct geographical location, population and disease
syndromes in the documented studies. In 2017, a study conducted in Senegal by Niang et al.
reported 30.8% of HAdV prevalence in participants with ILI [387]. In contrast, the3% HAdV
pooled prevalence among ILI participants recorded in the review was much lower. The source of
differences may result in population demographics or other external determinants of the studies.
On the other hand, a pooled prevalence of 30% HAdV was identified in individuals of five years
and above. From other studies, among college students in the United States, a lower figure of 15%
HAdV was reported by Biggs et al. in 2018 [388].

Furthermore, 15% HAdV prevalence was found in under five years old through the systematic
review in EAC, whereas a study conducted among children with SARI in India found 8.8% HAdV
prevalence [389]. The differences in prevalence perceived among studies could be attributable to
the heterogeneity in the studies’ population by disease severity, age groups, and geographical
location. Besides, these variations in prevalence may be due to the population sample size, the

sampling methodology, or the diverse diagnostic techniques used among studies.

There were several limitations encountered during the systematic review carried in EAC for the
period of 2007 to 2020. The systematic searches were limited to the most accessible and widely
used medical literature databases, such as Medline and Global Index Medicus. However,
unpublished literature from major public health institutions and research programs in the EAC was
used to supplement the search. Furthermore, there were significant sources of heterogeneity in the
studies collated to estimate HRSV, HPIV, and HAdV pooled prevalence by disease syndromes,
age group, and location. Heterogeneity may also have been influenced by other variables,
including the length of the study period, study design, and laboratory technique which were
documented. For example, while the majority of studies used highly sensitive and specific

diagnostic such as PCR to detect these viruses, studies that used less sensitive diagnostic methods
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were likely to have underestimated prevalence. Also, the source of heterogeneity may have been
subjected to undocumented variables such as participants’ selection which may also have differed
among the studies. This might likely lead to a higher prevalence among studies in which severe
iliness (SARI) patients were enrolled, as opposed to ILI patients.

Furthermore, the small sample size of eligible studies limited the power to detect differences,
including in subgroup analysis. For example, not all EAC countries were represented, and
Tanzania and Uganda each had only one study. The small sample size may result from various
factors including government policy and priorities, lack of documentation, limited funding,
inaccessible databases, the complex regulations of information sharing, and difficulties with the
publication of data. Also, the extreme values of prevalence have introduced a computational

complexity that restricted the reporting of the confidence intervals of the I values.

Additionally, during the systematic review, only studies with defined medical conditions such as
ILI and SARI or ARTIs, in general, were included. Studies with asymptomatic participants were
excluded. The results of this systematic review cannot be extrapolated to the general population.
For example, the symptomatic populations included in the review likely had a higher prevalence
of these viruses than the asymptomatic population. It was considered necessary to exclude
asymptomatic cases to avoid overdiagnosis, and bias from including patients who were carriers of

these respiratory viruses.

The systematic review's strengths included documenting the EAC's concurrent HRSV, HPIV, and
HAdV pooled prevalence. In addition, the meta-analysis reported HRSV, HPIV, and HAdV
prevalence estimates using a pre-defined protocol, two independent investigators, and robust
search strategies. All eligible studies were evaluated for well-defined study characteristics, study
heterogeneity, and bias. There was no significant publication bias detected between studies, and
the majority of the eligible studies had a low risk of in-study bias. The sensitivity analysis results
were comparable to the crude estimates, indicating the robustness of the systematic review and

meta-analysis.

In Kenya, influenza and other respiratory viruses’ surveillance program was conducted at eight
hospitals representing the country geographical regions. The morbidity burden of ILI caused by
HRSV, HPIV, and HAdVs was found to be substantial at all hospital sites, with these viruses
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contributing 3.1%, 5.3% and 3.3% of ILI respectively. These figures, however, were lower than
those previously reported in the systematic review [123]. These differences may have resulted
from the fact that systematic review and meta-analysis have the power to synthesize the evidence
from several studies. Other factors including the study population may have the influence, since

morbidity burden was described from the ILI population only.

HRSV, HPIV, and HAdVs infections were more likely found in infants than other age groups,
with the prevalence of 4%, 6%, and 4% respectively. These findings were not surprising given
that infants are not known to be immune to these infections. These respiratory viruses are easily
transmitted within households and can cause multiple episodes of infection [390]. It is expected
that under five years age group seek medical care than those above five years age group. It is also
expected these respiratory viruses cause severe illness in under five than above five years age
group. However, the prevalence of these respiratory viruses varies per population, location, time
and other influencing factors. Multiple HPIV subtype infections suggested a possible co-
circulation. Co-morbidity with other respiratory viruses and co-infections among HPIV subtypes,

on the other hand, were beyond the scope of this investigation.

The proportion of HRSV, HPIV and HAdV infections was higher at sites in the coastal tropical
savanna (Malindi and Port-Reitz) and western tropical forest climatic regions (Kisii, and Kericho).
Furthermore, climatic factors have been shown to be an important driver of viral respiratory
infection dynamics [391]. HRSV cases increased from January to June, with a seasonal peak
around April-May, coinciding with Kenya's rainy season. In addition, moderate rainfall (150-
200mm) had a positive impact on HRSV occurrence. This finding was consistent with previous
studies conducted in the tropics that described similar trends and indicated an association between
RSV respiratory infections and rainfall [392—394].

HRSV exhibited clear seasonality during the surveillance period (2007-2013), occurring more
frequently from January through June. Climate parameters including warm air temperature (19-
22.9°C), and hot land surface temperature (>40°C) were suitable for HRSV circulation. This was
consistent with other reports which found a positive association between increasing HRSV
incidence and the higher monthly average temperature in the tropics [394-396]. The temperature
has been a well-described metrological predictor of HRSV infections. In contrast, neither HPIV

nor HAdVs showed a clear seasonality. There was also no correlation between temperature or
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rainfall and either HPIV or HAdV. These findings support previously documented evidence that
reported clear seasonal patterns for HRSV but not HPIV or HAdV [197].

There were unanswered questions when defining the morbidity burden of ILI caused by HRSV,
HPIV, or HAdV. This was primarily due to the scope, which could not be explored for several
reasons. For example, whereas the morbidity burden of ILI caused by the influenza virus as a major
viral aetiology was not explored here, it has been previously reported from the same surveillance
system [397].

Other respiratory viruses, on the other hand, were not investigated as potential causes of the ILI
morbidity burden. Furthermore, possible co-infections of HRSV, HPIV or HAdV with other
viruses were not investigated. In the absence of ILI denominators at surveillance sites, the ILI
morbidity burden of the three respiratory viruses may not be generalized. Particularly, the
estimates may not be able to be extrapolated to the underlying population at risk. The large
population of study participants (91%) aged below 5 years suggests limited generalizability as well
as less power in investigating associations in other age groups. Unmeasured environmental or
temporal confounding factors, on the other hand, may also have influenced the associations

observed.

Despite these weaknesses, there were significant strengths that increased the power of the
investigation. This included large sample size, an extensive study period, and a broad geographic
region covering the entire country. Besides, the study used reliable sources of data from a robust
surveillance network, the use of a pre-defined protocol, and stratified analysis.

From 2007 to 2013, the spatial and temporal patterns of HRSV, HPIV, and HAdV occurrence
demonstrated characteristics of influenza-like illness (ILI) distribution in Kenya. The three
respiratory viruses were found in each ILI surveillance site. Surveillance sites were located
throughout Kenya, including the Western-Nyanza, Rift Valley, Central, Eastern, and Coastal
regions. HRSV was found in 13 counties, with Kisii County having the highest number of cases.
The Western region was identified as the major hotspot by Kernel density estimation (KDE) and
confirmed by local spatial autocorrelation. HRSV primary cluster in the Western region was purely
spatial by the scan of statistics. However, the spatial-temporal scan of statistics revealed that HRSV

cases clustered in the Coastal region between 2009 and 2011. This was not surprising because
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there was also an HRSV hotspot observed in the coastal region by KDE. Besides, HRSV has been
identified among the most common pathogens causing acute respiratory tract infections in
outpatients in Kenya's coastal region [117]. In addition, the space-time pattern of HRSV showed
primary and secondary clusters for both Western and Coastal regions respectively. The HRSV
clusters could be attributed to regional population characteristics, social and climate factors.
Previous research has associated HRSV infections with several factors, including climatic factors
[391,398]. The most common climatic conditions associated with HRSV cases were rainfall and
warm temperatures, which characterize the climate of the Western and Coastal regions [399].

HPIV was found in 14 counties, with Kisii County having the highest number of cases. KDE
indicated a major HPIV hotspot in the Western region. Other HPIV hotspots, however, have been
identified in the coastal and central regions. The Western HPIV hotspot was statistically
significant, according to the local spatial autocorrelation. This was confirmed via the purely spatial
scan statistics. HPIV had been previously described in the Western region among the etiologies of
fever, and respiratory infections [400,401]. The space-time analysis revealed the occurrence of the
HPIV cluster in the Western region from 2008 to 2010. In Kenya, unlike with HRSV infections,
HPIV infections had an erratic distribution with no clear seasonality [399]. Furthermore, no
significant climate parameters were associated with HPIV infections, as observed in other studies
published elsewhere [197]. HPIV clusters could thus be attributed to factors other than climatic

parameters.

HAdV had been identified in 11 counties, with Nairobi County having the highest number of cases.
A major HAdV hotspot was observed in the Western region, in addition to hotspots found in the
coastal and central regions. There was a significant spatial autocorrelation of HAdV major hotspot
with the Western region. This observation was in agreement with the HAdV primary cluster
identified in the same region by the purely spatial scan statistics. Several studies have described
the occurrence of HAdV in the Western region [400-403]. However, space-time analysis revealed
that the HAdV primary cluster occurred from 2008 to 2009 in the Coastal region. The HAdV
cluster in the Western region, on the other hand, was secondary and occurred from 2007 to 2009.
In Kenya, there were no seasonality patterns or climate parameters associated with HAdV infection
distribution. Only warm temperatures were suggested to have a positive effect on infections [399].

However, other factors such as population demographics, health, and social-economic
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determinants have been described in the literature [183,404,405]. The seasonality trends
assessment revealed the purely temporal distribution of HRSV, HPIV and HAdV from 2007 to
2013 has been described previously (Publication in press). Although the data derived from the
population census allowed to perform spatial-temporal analysis, the results should be interpreted
with caution. For example, the use of annual population projection may not accurately reflect the
actual population per county [325]. Similarly, retrospective data may not be reflective of the
current experience. Although data limitations may affect the results of spatial-temporal analysis,
the approach utilized for the analysis suggests potentially important public health interventions.
Scan statistics are a known approach to effectively detect disease clusters in the spatial and
temporal model [406-409]. It is commonly used for retrospective and perspective routine data
collected from disease surveillance programs. These outputs may provide insights to identify
clusters for rapidly planning and executing interventions.

5.2. Conclusions and Recommendations

In conclusion, the findings of this investigation indicate that human adenoviruses, human
respiratory syncytial virus and parainfluenza virus are prevalent in Kenya, Tanzania, and Uganda.
These three respiratory viruses contribute substantially to ARTIs in the EAC partner states with
available data, particularly among those with severe disease and those aged five and above. In
Kenya, HRSV, HPIV, and HAdVs also contributed to ILI morbidity burden. Infants were
significantly affected. HRSV had a clear seasonal pattern and was associated with climate
parameters, contrary to HPIV and HAdVs in Kenya. The findings of this study also suggested that
hotspots (clusters) for RSV, HPIV, and HAdV occurred in the Western and Coastal regions of
Kenya from 2007 to 2013. The Western region appeared more prone to the occurrence of the three
respiratory viruses irrespective of the time. Continued surveillance for HRSV, HPIV and HAdVs
is recommended to monitor and better describe changes in morbidity caused by these non-
influenza respiratory viruses to the population in Kenya. Also, an event-based surveillance system
should be established in the western and Coast regions to capture the occurrence of HRSV, HPIV,
and HAdVs outbreaks. Further surveillance should include the population of all age categories,
but with a particular focus on the elderly because there is a gap in the knowledge of respiratory

diseases in this population in Kenya and the EAC.
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ANNEXES

Annex 1: List searched health and research institutions’ names

No Abbreviation Name Type URL Contact Person  E-mail Country
WHO World Non- http://www.who.int/library/en = Dr Zabulon Yoti | yotiza@who.int Regional
health government | /
organization @ organization
AMREF African Non- amref.org/home/ NA NA Regional
medical government
research organization
foundation
KEMRI Kenya Government | https://www.kemri.org/ Samwel Morris | symolis@gmail.com Kenya
medical institute L.S.
research
institute
KEMRI-WT Welcome- Non- http://kemri-wellcome.org/all- | James Nokes JNokes@kemri- Kenya
Trust government | publication/ wellcome.org
organization
CDC-K Center of Non- www.cdc.gov/globalhealth/cou = M. A zux5@cdc.gov Kenya
Diseases government | ntries/kenya Widdowson
control and | organization
prevention
kenya
MoH-K Ministry of | Government | http://www.health.go.ke/ NA NA Kenya
health institute
Kenya
UoN University Government http://erepository.uonbi.ac.ke/ Angela Mumo angela.mumo@uonbi Kenya
of Nairobi institute .ac.ke
KNH Kenyatta Government | http://knh.or.ke/ NA NA Kenya
National institute
Hospital
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http://www.who.int/library/en/
http://www.who.int/library/en/
https://www.kemri.org/
mailto:symolis@gmail.com
http://kemri-wellcome.org/all-publication/
http://kemri-wellcome.org/all-publication/
http://www.cdc.gov/globalhealth/countries/kenya
http://www.cdc.gov/globalhealth/countries/kenya
http://www.health.go.ke/
http://erepository.uonbi.ac.ke/
http://knh.or.ke/

No Abbreviation Name Type URL Contact Person e-mail Country

9 MOH-U Ministry of Governme | http://health.go.ug/affiliated- = NA NA Uganda
Health nt institute | institutions
Uganda

10 | UNHRO Uganda Governme | http://unhro.org.ug/ Harriet harrietnabudere@ya @ Uganda
National nt institute Nabudere hoo.com
Health
Research
Organization

11 UVRI Uganda Virus Governme | http://www.uvri.go.ug/ Julius Lutwama  jjlutwama03@yahoo. Uganda
Research nt institute com
Institute

12 | Mak Makerere Governme | https://www.mak.ac.ug/ Alison alison.kine@gmail.co = Uganda
University nt institute Kinengyere m

13 Mulago Mulago Governme | http://www.mulago.or.ug/ Alison alison.kine@gmail.co Uganda
National nt institute Kinengyere m
referral
hospital

14 | MoH-R Ministry of Governme | http://www.moh.gov.rw/index | Muhire Andrew = muhireandrew@gma @ Rwanda
health nt institute | .php?id=5 il.com
Rwanda

15 RBC Rwanda Governme | http://www.rbc.gov.rw/index. | J.P musajampiereb@gm  Rwanda
Biomedical nt institute | php?id=263 Musabyimana ail.com
Center

16 | UR University of | Governme | http://www.library.ur.ac.rw/ Ella Larrissa ellalarissan@gmail.co A Rwanda
Rwanda nt institute Ndoli m

17  MoH-T Ministry of Governme | http://www.mcdgc.go.tz/ Vida MMBAGA  makundiv@yahoo.co = Tanzania
health nt institute m
Tanzania
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http://www.mcdgc.go.tz/

No Abbreviation Name Type URL Contact Person e-mail Country

18 NIMR National Governme  http://www.nimr.or.tz/ NA NA Tanzania
Institute for nt institute
Medical
Research

19 | MNH Muhimbili Governme | http://www.mnh.or.tz/ NA NA Tanzania
National nt institute
hospital

20 MUHAS Muhimbili Governme | library.muhas.ac.tz NA NA Tanzania
University of  ntinstitute
Health and
Allied
Sciences

21 Minisanté.Bi | Ministére de = Governme | www.minisante.bi Florence +257 79 916 054 Burundi
la santé et nt institute Munezero
lutte contre
le SIDA

22  INSP Institut Governme | insp.bi Dionis nizigiyimana.dionis@ @ Burundi
National de nt institute Nizigiyimana gmail.com
Santé
Publique

23 | UB Univérisite Governme | http://www.ub.edu.bi NA NA Burundi
de Burundi nt institute

24 | ANISE The African Non- http://www.anise- Ndahwouh Linkedin International
Network for  governmen | network.org/ Talla
Influenza t
Surveillance | organizatio
and n
Epidemiology

Page | 127


http://www.nimr.or.tz/
http://www.minisante.bi/
http://www.anise-network.org/
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Annex 2: List of recorded clinical characteristics during ILI surveillance (2007-2013)

Influenza like illness (ILI)

Clinical characteristics

Human respiratory syncytial virus (HRSV)
Human parainfluenza (HPIV)

Human adenoviruses (HAdV)

Fever

Cough

Runny Nose
Retro-Orbital pain
Nasal stiffness
Malaise
Vomiting

Fatigue
Breathing difficulty
Chills

Diarrhea
Headache

Sore throat
Abdominal Pain
Sputum
Neurological signs
Joint Pain

Muscle Aches
Bleeding
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Annex 3: Population per county from 2007 to 2013

County 2007 2008 2009 2010 2011 2012 2013
Bomet 640521.5 649936 724186 745617 773157 801671 831115
Busia 680427 694179 743946 761065 772999 785473 798514
Homa Bay 875978 887226 963794 984293 1006756 | 1029823 | 1053465
Isiolo 126374 129055 143294 146567 147928 149345 150817
Kericho 727994.5 736773 758339 768350 796729 826112 856454
Kilifi 1019640 1040543 1109735 1133208 1175021 | 1218024 | 1262127
Kisii 1096316 1108567 1152282 1176791 1203648 | 1231223 | 1259489
Kisumu 938122 950218 968909 989514 1012102 | 1035287 | 1059053
Machakos 1073605 1089193 1098584 1123672 1134005 | 1144770 | 1155957
Meru 1298459 1316387 1356301 1387275 1400032 | 1413323 | 1427135
Mombasa 849171 870197 939370 959187 994575 | 1030973 | 1068307
Nairobi 2940911 3038553 3138369 3144918 3351315 | 3563473 | 3781394
Kajiado 550780 568554 687312 701919 727849 754693 782409
Kiambu 1467148 1466463 1623282 1660366 1692651 | 1726128 | 1760692
Nyamira 561480 566258 598252 610976 624921 639238 653914
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Annex 4: Surveillance site spatial location

No County Site Latitude Longitude

2 | Isiolo Isiolo 0.354983 37.5840354

4 | Kisii Kisii -0.69384 34.6447313

6 | Nairobi Mbagathi -1.30875 36.8017091

8 | Mombasa Port Reitz -4.03916 39.5985808
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Annex 5: Counties centroids

County

Busia

Isiolo

Kilifi

Kisumu

Meru

Nairobi

Kajiado

Latutide

0.38852

1.01254

-3.17809

-0.16466

0.16927

-1.29091

-2.11909

Longitude

34.19271

38.54093

39.68788

34.83742

37.76334

36.86754

36.90885
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Annex 6: The inclusion and exclusion criteria

Study

Inclusion Criteria

Exclusion Criteria

Human prevalence

Respiratory syncytial virus (RSV), Para-influenza
virus (PIV), and adenovirus (HAdV)

Other respiratory viruses

Syndromes

Influenza like illnesses (ILI) and severe acute
respiratory illness (SARI)

Other respiratory illness

Publication characteristics

Full article or abstract published in 2007-2020,
English language, hospital setting, population in
East Africa Community

Case reports, case series, editorials,
letters to editors, reviews, commentaries,
qualitative studies, studies from countries
outside East Africa Community

Study design

Any randomized or non-randomized design

Non-empirical research/modelled data

Outcomes

Prevalence of laboratory-confirmed infections
caused HRSVs, HPIVs, and HAdVs

No human prevalence or incidence
measure reported
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Annex 7. Search strategies
a) Search strategy PubMed database

Search
number

Query

21

20

19

18

17
16
15

((((((prevalence[Title/Abstract]) OR (“Prevalence”[Mesh] OR "epidemiology" [Subheading] OR "Cross-Sectional
Studies"[Mesh])) OR incidence[Title/Abstract]) OR ("Incidence"[Mesh] OR "epidemiology" [Subheading] OR
"Cohort Studies"[Mesh]))) AND ((((((((((((acute viral respiratory infection[Title/Abstract]) OR influenza like
illness[Title/Abstract]) OR severe acute respiratory illness[Title/Abstract]) OR respiratory syncytial
virus[Title/Abstract]) OR ("Respiratory Syncytial Viruses"[Mesh] OR "Respiratory Syncytial Virus Infections"[Mesh]
OR "Respiratory Syncytial Virus, Human"[Mesh])) OR parainfluenza virus[Title/Abstract]) OR (“Parainfluenza Virus
5"[Mesh] OR "Parainfluenza Virus 4, Human"[Mesh] OR "Parainfluenza Virus 3, Human"[Mesh] OR "Parainfluenza
Virus 2, Human"[Mesh] OR "Parainfluenza Virus 1, Human"[Mesh])) OR adenovirus[Title/Abstract]) OR
("Adenoviridae Infections"[Mesh] OR "Adenovirus Infections, Human"[Mesh] OR "Adenoviruses, Human*[Mesh]))
OR other respiratory virus[Title/Abstract]) OR pneumonia[Title/Abstract]) OR ("Pneumonia“[Mesh] OR "Pneumonia,
Viral"[Mesh]))) AND ((east african community[Title/Abstract]) OR ((((((Rwanda[Title/Abstract]) OR Burundi) OR
Uganda) OR Kenya) OR Tanzania) OR South Sudan)) Filters: from 2007/1/1 - 2020/12/31

Search (east african community[Title/Abstract]) OR ((((((Rwanda[Title/Abstract]) OR Burundi) OR Uganda) OR
Kenya) OR Tanzania) OR South Sudan)

Search (((((((((((acute viral respiratory infection[Title/Abstract]) OR influenza like illness[Title/Abstract]) OR severe
acute respiratory illness[Title/Abstract]) OR respiratory syncytial virus[Title/Abstract]) OR ("Respiratory Syncytial
Viruses"[Mesh] OR "Respiratory Syncytial Virus Infections"[Mesh] OR "Respiratory Syncytial Virus,
Human“[Mesh])) OR parainfluenza virus[Title/Abstract]) OR ("Parainfluenza Virus 5"[Mesh] OR "Parainfluenza
Virus 4, Human"[Mesh] OR "Parainfluenza Virus 3, Human"[Mesh] OR "Parainfluenza Virus 2, Human"[Mesh] OR
"Parainfluenza Virus 1, Human“[Mesh])) OR adenovirus[Title/Abstract]) OR ("Adenoviridae Infections"[Mesh] OR
"Adenovirus Infections, Human"[Mesh] OR "Adenoviruses, Human"[Mesh])) OR other respiratory
virus[Title/Abstract]) OR pneumonia[Title/Abstract]) OR ("Pneumonia”[Mesh] OR "Pneumonia, Viral"[Mesh])
Search (((prevalence[Title/Abstract]) OR ("Prevalence"[Mesh] OR "epidemiology" [Subheading] OR "Cross-Sectional
Studies"[Mesh])) OR incidence[Title/Abstract]) OR ("Incidence”[Mesh] OR "epidemiology"” [Subheading] OR
"Cohort Studies"[Mesh])

Search (((((Rwanda[Title/Abstract]) OR Burundi) OR Uganda) OR Kenya) OR Tanzania) OR South Sudan

Search east african community[Title/Abstract]

Search "Pneumonia“[Mesh] OR "Pneumonia, Viral"[Mesh]
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14 Search pneumonia[Title/Abstract]

13 Search other respiratory virus[Title/Abstract]

12 Search "Adenoviridae Infections”"[Mesh] OR "Adenovirus Infections, Human"[Mesh] OR "Adenoviruses,
Human"[Mesh]

11 Search adenovirus[Title/Abstract]

10 Search "Parainfluenza Virus 5"[Mesh] OR "Parainfluenza Virus 4, Human"[Mesh] OR "Parainfluenza Virus 3,
Human"[Mesh] OR "Parainfluenza Virus 2, Human"[Mesh] OR "Parainfluenza Virus 1, Human"[Mesh]

9 Search parainfluenza virus[Title/Abstract]

8 Search "Respiratory Syncytial Viruses“[Mesh] OR "Respiratory Syncytial Virus Infections"[Mesh] OR "Respiratory
Syncytial Virus, Human"[Mesh]

7 Search severe acute respiratory illness[Title/Abstract]

6 Search influenza like illness[Title/Abstract]

5 Search acute viral respiratory infection[Title/Abstract]

4 Search "Incidence"[Mesh] OR “epidemiology"” [Subheading] OR "Cohort Studies"[Mesh]

3 Search incidence[Title/Abstract]

2 Search "Prevalence"[Mesh] OR "epidemiology"” [Subheading] OR "Cross-Sectional Studies"[Mesh]

1 Search prevalence[Title/Abstract]

b) Search strategy Global Index Medicus database

tw:((tw:(prevalence)) OR (tw:(cross-sectional studies)) OR (tw:(meta-analysis)) OR (tw:(incidence)) OR (tw:(cohort studies)) OR
(tw:(epidemiology studies)) AND (tw:(respiratory tract infections)) OR (tw:(upper respiratory tract infections)) OR (tw:(pneumonia,
viral)) OR (tw:(respiratory syncytial virus, human)) OR (tw:(parainfluenza virus 1, human)) OR (tw:(parainfluenza virus 2, human))
OR (tw:(parainfluenza virus 3, human)) OR (tw:(adenovirus infections, human)) AND (tw:(africa, eastern)) OR (tw:(kenya)) OR
(tw:(tanzania)) OR (tw:(uganda)) OR (tw:(rwanda)) OR (tw:(burundi)) OR (tw:(south sudan))) AND ( la:("en")) AND
(year_cluster:[2007 TO 2020])
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Annex 8: Keywords and MeSH terminologies

No Key word/Medline Mesh Synonym/Medline

1 | prevalence Prevalence
epidemiology sub-heading
cross-sectional studies

2 | incidence Incidence
epidemiology sub-heading
Cohort studies

3 | Acute viral respiratory infection ARTIs

4 | influenza like illness ILI

5 | severe acute respiratory infection SARI

6 | respiratory syncytial virus Respiratory Syncytial Viruses
Respiratory Syncytial Virus Infections
Respiratory Syncytial Virus, Human

7 | parainfluenza virus Parainfluenza Virus 5
Parainfluenza Virus 4,Human
Parainfluenza Virus 3, Human
Parainfluenza Virus 2, Human
Parainfluenza Virus 1, Human
Paramyxoviridae Infections

8 | adenovirus Adenoviruses, Human
Adenoviridae Infections
Adenovirus Infections, Human

9 | other respiratory virus Non Influenza respiratory virus

10 | pneumonia Pneumonia
Pneumonia, Viral

11 | East Africa community EAC

12 | Rwanda Republic of Rwanda

13 | Burundi Republic of Burundi

14 | Kenya Republic of Kenya

15 | Tanzania Republic of Tanzania

16 | Uganda Republic of Uganda

17 | South sudan Republic of South Sudan
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Annex 9: Data extracted from the selected review studies

Title

Author

M
M

Year

Country

Age

Syndr
-om

Speci-
men

Test

Study
design

(N)

RSV
(n)

RSV
(N)

HPIV
(n)

HPIV
(N)

AdV
(n)

AdV
(N)

Prevalence
of viral
aetiologies
in children
with acute
respiratory
infections in
Nairobi,
Kenya

Samwel

4

2009

Kenya

<5

ILI/SA
RI

OPS

Vi

Cross-
sectional

388

19

388

25

388

27

388

Respiratory
Adenovirus
Species
Circulating
In Kenya
from 2007-
2010

Achilla R
et al

36

2012

Kenya

All
age

ILI

NPS

IFA

cross-
sectional

12959

385

12959

Epidemiolo
gy of
respiratory
viral
infections in
two long-
term
refugee
camps in
Kenya,
2007-2010

Ahmed
A.J et al

37

2012

Kenya

All
age

ILI/SA
RI

NPS/O
PS

RT-
PCR

Cross-
sectional

6264

781

6264

591

6264

1361

6264

MM (Study period in months), N (overall population), n (positive case), RSV (Respiratory syncytial virus), PIV (Parainfluenza virus), AdV (Adenovirus), VI

(Virus isolation), ILI (Influenza like illness), SARI (Severe acute respiratory illness), NPS (Nasal phyrangeal swab), OPS (Oral phyrangeal swab)
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Title

Author

<=

Year

Country

Age

Syndr

Speci-
men

Test

Study
design

(N)

RSV
(n)

RSV
(N)

HPIV
(n)

HPIV | AdV
(N) | (n)

AdV
(N)

Surveillance
of Human
Parainfluen
za viruses in
Kenya
during the
2007-2011
Period

Mitei K
et al

46

2012

Kenya

ILI

NPS

IFA

Cross-
sectional

14990

801

1499

The viral
aetiology of
influenza-
like
ilinesses in
Kampala
and
Entebbe,
Uganda,
2008

Balinan
diS. et
al

2013

Uganda

All
age

Ll

NPS

PCR

Cross-
sectional

369

12

369

22

369 32

369

MM (Study period in months), N (overall population), n (positive case), RSV (Respiratory syncytial virus), PIV (Parainfluenza virus), AdV (Adenovirus), VI
(Virus isolation), ILI (Influenza like illness), SARI (Severe acute respiratory illness), NPS (Nasal phyrangeal swab), OPS (Oral phyrangeal swab)
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Title

Author

<=

Year

Country

Age

Syndr

Speci-
men

Test

Study
design

(N)

RSV
(n)

RSV
(N)

HPIV
(n)

HPIV
(N)

AdV
(n)

AdV
(N)

Viral and
Bacterial
Causes of
Severe
Acute
Respiratory
lliness
Among
Children
Aged Less
Than 5
Yearsina
High
Malaria
Prevalence
Area of
Western
Kenya,
2007-2010

Feikin
D.R et al

36

2013

Kenya

<5

SARI

NPS/O
PS

RT-
PCR

Cross-
sectional

2497

550

2497

400

2497

The burden
of influenza
and RSV
among
inpatients
and
outpatients
in rural
western
Kenya,
2009-2012

Emukul
e G.O.
et al

36

2014

Kenya

All
age

ILI/SA
RI

NPS/O
PS

RT-
PCR

cross-
sectional

5895

575

5895

MM (Study period in months), N (overall population), n (positive case), RSV (Respiratory syncytial virus), PIV (Parainfluenza virus), AdV (Adenovirus), VI

(Virus isolation), ILI (Influenza like illness), SARI (Severe acute respiratory illness), NPS (Nasal phyrangeal swab), OPS (Oral phyrangeal swab)
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Title Author | M | Year | Country | Age | Syndr | Speci- | Test Study (N) RSV | RSV | HPIV | HPIV | AdV | AdV

MM (Study period in months), N (overall population), n (positive case), RSV (Respiratory syncytial virus), PIV (Parainfluenza virus), AdV (Adenovirus), VI
(Virus isolation), ILI (Influenza like illness), SARI (Severe acute respiratory illness), NPS (Nasal phyrangeal swab), OPS (Oral phyrangeal swab)
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Title

Author

<=

Year

Country

Age

Syndr
-om

Speci-
men

Test

Study
design

(N)

RSV
(n)

RSV
(N)

HPIV
(n)

HPIV | AdV
(N) | (n)

AdV
(N)

Etiology
and
Incidence of
Viral Acute
Respiratory
Infections
Among
Refugees
Aged 5
Years and
Older in
Hagadera
Camp,
Dadaab,
Kenya

Moham
ed Gedi
A et al

36

2015

Kenya

>=5

ILI/SA
RI

NPS/O
PS

RT-
PCR

Cross-
sectional

419

16

168

24

167 50

167

The
Prevalence
of Influenza
and other
Respiratory
Viruses
among ILI
and SARI
patients in
Tanzania,
from
January
2016 to
August
2017

Mmbag
aV.etal

2018

Tanzani
a

ILI/SA
RI

NPS/O
PS

RT-
PCR

257

75

257

26

257 21

257

MM (Study period in months), N (overall population), n (positive case), RSV (Respiratory syncytial virus), PIV (Parainfluenza virus), AdV (Adenovirus), VI

(Virus isolation), ILI (Influenza like illness), SARI (Severe acute respiratory illness), NPS (Nasal phyrangeal swab), OPS (Oral phyrangeal swab)
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Title

Author

<=

Year

Country

Age

Syndr

Speci-
men

Test

Study
design

(N)

RSV
(n)

RSV
(N)

HPIV
(n)

HPIV
(N)

AdV
(n)

AdV
(N)

The Burden
of Influenza
and
Respiratory
Syncytial
Virus in
Infants 0-2
Months Old
in Rural
Western
Kenya;
Preliminary
Data, 2015-
2017

Nyawan
da O.B
et al

31

2018

Kenya

<5

ILI

NPS/O
PS

RT-
PCR

cohort

861

57

861

Surveillance
of
respiratory
viruses in
the
outpatient
setting in
rural
coastal
Kenya:
baseline
epidemiolo
gical
observation
s

Nyiro J.
Uetal

12

2018

Kenya

All
age

ILI/SA
RI

NPS

RT-
PCR

cross-
sectional

5647

219

5647

371

5647

155

5647

MM (Study period in months), N (overall population), n (positive case), RSV (Respiratory syncytial virus), PIV (Parainfluenza virus), AdV (Adenovirus), VI

(Virus isolation), ILI (Influenza like illness), SARI (Severe acute respiratory illness), NPS (Nasal phyrangeal swab), OPS (Oral phyrangeal swab)
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Annex 10: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)

Reported
on page #

Section/topic # Checklist item

TITLE

Title 1 | Prevalence of human respiratory syncytial virus, parainfluenza and adenoviruses in East Africa Community Page 1
partner states of Kenya, Tanzania, and Uganda: a systematic review and meta-analysis (2007-2020)

ABSTRACT

Structured summary 2 | Background Page 2-3
Viruses are responsible for a large proportion of acute respiratory tract infections (ARTIs). Human influenza,
parainfluenza, respiratory-syncytial-virus, and adenoviruses are among the leading cause of ARTIs.
Epidemiological evidence of those respiratory viruses is limited in the East Africa Community (EAC) region.
This review sought to identify the prevalence of respiratory syncytial virus, parainfluenza, and adenoviruses
among cases of ARTI in the EAC from 2007 to 2020

Methods

A literature search was conducted in Medline, Global Index Medicus, and the grey literature from public
health institutions and programs in the EAC. Two independent reviewers performed data extraction. We used
a random effects model to pool the prevalence estimate across studies. We assessed heterogeneity with the
12 statistic, and Cochran’s Q test, and further we did subgroup analysis. This review was registered with
PROSPERO under registration number CRD42018110186.

Results

A total of 12 studies met the eligibility criteria for the studies documented from 2007 to 2020. The overall
pooled prevalence of adenoviruses was 13% (95% confidence interval [Cl]: 6-21, N=28829), respiratory
syncytial virus 11% (95% CI: 7-15, N=22627), and parainfluenza was 9% (95% CI: 7-11, N= 28363). Pooled
prevalence of reported ARTIs, all ages, and locality varied in the included studies. Studies among participants
with severe acute respiratory disease had a higher pooled prevalence of all the three viruses. Considerable
heterogeneity was noted overall and in subgroup analysis.

Conclusion

Our findings indicate that human adenoviruses, respiratory syncytial virus and parainfluenza virus are
prevalent in Kenya, Tanzania, and Uganda. These three respiratory viruses contribute substantially to ARTIs
in the EAC, particularly among those with severe disease and those aged five and above.

INTRODUCTION
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Rationale

Acute respiratory tract infections (ARTIs) are among the five most common causes of morbidity and mortality
globally, accounting for approximately 3.9 million deaths annually. Most of these deaths occur among young
children in developing countries [1]. Viruses are responsible for a large proportion of ARTIs and these are
associated with various syndromes of the upper and lower respiratory tract, including: acute otitis media,
croup, pneumonia, bronchiolitis, and asthma [2,3]. Additionally, co-infections of viruses and bacteria are
commonly reported in severe cases of ARTIs [4,5]. Although viral aetiologies are associated with a large
percentage of acute respiratory tract infections, it is difficult to link specific viral agents to a specific syndrome.
This is due to the complexity and broad spectrum of illnesses caused by these pathogens. Furthermore, the
emergence of new viral strains and cost of diagnosis contribute to the inability to detect viral agents in order
to associate these pathogens with a specific syndrome. However, influenza viruses, one of the major
causative agents of acute respiratory tract infections, have been extensively studied with an established
global surveillance program. This program was set up to assess the threat of the emergence of strains which
could cause pandemic disease [6].

Globally, non-influenza respiratory viruses have received less attention respiratory virus surveillance
programs, hence few studies are available in the published literature [7]. Nevertheless, a few previous studies
have indicated the risk of non-influenza viruses to public health, and that some viral families have the potential
to cause epidemics [8]. The non-influenza respiratory viruses most commonly associated with ARTIs include
human respiratory syncytial viruses (HRSV), parainfluenza viruses (HPIVs), and adenoviruses (HAdV),
among others [9]. The consequences of these respiratory viruses result in an enormous direct and indirect
economic burden on public health. In the United States alone, the estimated annual economic burden of non-
influenza viral respiratory tract infections is equivalent to $40 billion [10]. Interestingly, a global incidence of
at least 33.1 million has been associated with HRSV in young children under five [11]. The same study
indicated a mortality range of 48,000—74,500 for children younger than 5 years and estimated that 99% of
these deaths occurred in developing countries [11].

In Sub-Saharan Africa, recent annual incidence data of community-acquired pneumonia is estimated to be
131 million, with significant proportion of these aetiologies due to viruses [12]. A study conducted in Senegal
reported that a range of respiratory viruses cause influenza-like illness (ILI) with substantial proportions due
to influenza viruses (53.1%; 1045/1967), rhinoviruses (30%; 591/1967), enteroviruses (18.5%; 364/1967),
and HRSV (13.5%; 266/1967) in children under five years old [13]. A review of the aetiology of ARTIs in
children <5 years in Sub-Saharan Africa showed that HRSVs, HPIVs, and HAdV were among the leading
causes of ARTIs [14]. Moreover, in 2018 a systematic review and meta-analysis of HRSV prevalence in
Africa reported an overall HRSV prevalence of 14%, thus indicating that this pathogen contributes
significantly to severe respiratory illness on the continent [15].

The World Health Organization Regional Office for Africa (WHO-AFRO) 2012 country profiles indicated that
acute lower respiratory infections (ALRTIs) were amongst the top three causes of death in the East African
Community (EAC). In EAC partner states, the proportionate mortality from lower respiratory tract infections
(LRTIs) was: Tanzania (8.7%), Kenya (12.3%), Uganda (9.6%), South Sudan (12%), Rwanda (10%) and
Burundi (12.5%). Amongst these EAC states, Kenya, Tanzania, Uganda, and Rwanda have established
surveillance programs for influenza and other respiratory viruses which are recognized by the WHO [16]. The

Page 4-6
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EAC has a large population with approximately 161 million inhabitants [17] who are highly mobile and
integrated, with a common regional market, tourism, and social and cultural exchange. These factors
increase the risk of infectious disease transmission and spread in the EAC, as has been described elsewhere
[18]. Several other studies have demonstrated various viral aetiologies as causes of ARTIs in the EAC
[19,20]. In Kenya, a study conducted at the Kilifi district hospital reported a high prevalence (34%) of HRSV
infections in young children which was associated with severe pneumonia [21]. Human parainfluenza,
adenoviruses, and other respiratory viruses were also reported [21]. The use of molecular techniques have
also enhanced the detection and identification of other non-influenza respiratory viruses in countries with no
consistent respiratory disease surveillance programs [22].

A large number of programs for surveillance of influenza-like iliness (ILI) and severe acute respiratory illness
(SARI) were established in order to strengthen health security after the establishment of the 2005
International Health Regulations. However, such programs have primarily estimated the occurrence of
influenza viruses and have either not assessed or not reported other (non-influenza) viruses [23]. This leaves
an inconsistent assessment of the epidemiology of non-influenza viruses in the EAC region. This review
addresses some of this gap by providing a systematic review of the published and unpublished literature of
pooled prevalence of HRSV, HPIV, and HAdV among symptomatic patients in EAC partner states over the
period between 2007 and 2020. These three viruses were the most frequent non-influenza respiratory viruses
detected in the surveillance programs; the prevalence of other non-influenza viruses was rarely reported,
precluding formal systematic review.

Objectives This review addresses the questions or the gaps of pooled prevalence of HRSV, HPIV, and HAdV among Page 6
symptomatic patients in EAC partner states over study period from 2007 to 2020 by providing a systematic
review of the published and unpublished literature.
METHODS
Protocol and registration PROSPERO: CRD42018110186 Page 10
Eligibility criteria This review considered studies that reported laboratory-confirmed infections caused by HRSV, HPIV, and Page 7

HAdV in all age groups. These three respiratory viruses are among those frequently reported to cause
respiratory tract infections other than influenza. In addition, the review included a broad range of study
participants, including those with acute respiratory tract infections (ARTIs), influenza-like illnesses (ILIs),
severe acute respiratory illnesses (SARIs), and other syndromes including pneumonia. Studies reporting
asymptomatic infections were excluded in this review.

The review considered observational studies, including prospective and retrospective cross-sectional and
cohort studies that were either descriptive, analytical, or both. Case series, individual case reports, letters to
editors, reviews, commentaries, and qualitative studies were excluded. Only studies published in English,
including those from unpublished reports from the grey literature, were included. Published studies and
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unpublished reports documented in the period between 1st January 2007 and 31st December 2020 were
included.

Information sources

An initial unlimited search was conducted in Medline that allowed more refined search strategies tailored for
Global Index Medicus. The initial search was performed by verification of the text words contained in the title
and abstract of the index terms, which were used to describe the articles using keywords and Medical Subject
Heading (MeSH) terminologies (S1). This informed the development of a search strategy that was used for
each information source. In addition, reference lists of all studies selected for inclusion were screened for
additional relevant publications. The search was first completed in 2019 then updated using the same
methodology in 2021.

To obtain information from the grey literature, inquiries regarding these viruses were made directly to the
ministries of health. We also searched the databases of government medical research institutions, teaching
hospitals, and university libraries in EAC partner states. Electronic database search or author
correspondence was performed with the Kenya Medical Research Institute (KEMRI) and Kenyatta National
Hospital (KNH) for Kenya; National Institute for Medical Research (NIMR) for Tanzania); Uganda Virus
Research Institute (UVRI) and Makerere University (MAK), and Mulago Hospital (MUH) for Uganda; Institut
National de Sante Public (INSP) for Burundi; and Rwanda Biomedical Center (RBC) for Rwanda. In addition,
other non-government public health research programs in the East African Community were contacted.

All identified citations were collated and uploaded into Zotero software, version 5.0, (Corporation for Digital
Scholarship, Vienna, VA) and duplicates were removed. Titles and abstracts were re-screened against the
eligibility criteria, and studies that met the eligibility criteria were retrieved in full and their details imported
into JBI SUMARI (Joanna Briggs Institute, Adelaide, Australia). The full texts of selected studies were
assessed in detail against the eligibility criteria by two parallel reviewers, and any disagreements were
resolved by a third investigator.

Page 7-8

Search

Search number Query

21 ((((((prevalence[Title/Abstract]) OR ("Prevalence"[Mesh] OR "epidemiology" [Subheading] OR
"Cross-Sectional Studies"[Mesh])) OR incidence[Title/Abstract]) OR ("Incidence"[Mesh] OR "epidemiology"”
[Subheading] OR "Cohort Studies"[Mesh]))) AND ((((((((((((acute viral respiratory infection[Title/Abstract]) OR
influenza like illness[Title/Abstract]) OR severe acute respiratory illness[Title/Abstract]) OR respiratory
syncytial virus[Title/Abstract]) OR ("Respiratory Syncytial Viruses"[Mesh] OR "Respiratory Syncytial Virus
Infections"[Mesh] OR "Respiratory Syncytial Virus, Human"[Mesh])) OR parainfluenza virus[Title/Abstract])
OR ("Parainfluenza Virus 5"[Mesh] OR "Parainfluenza Virus 4, Human"[Mesh] OR "Parainfluenza Virus 3,
Human"[Mesh] OR "Parainfluenza Virus 2, Human"[Mesh] OR "Parainfluenza Virus 1, Human"[Mesh])) OR
adenovirus[Title/Abstract]) OR ("Adenoviridae Infections"[Mesh] OR "Adenovirus Infections, Human"[Mesh]
OR "Adenoviruses, Human"[Mesh])) OR other respiratory virus[Title/Abstract]) OR
pneumonia[Title/Abstract]) OR ("Pneumonia“[Mesh] OR "Pneumonia, Viral"[Mesh]))) AND ((east african
community[Title/Abstract]) OR ((((((Rwanda[Title/Abstract]) OR Burundi) OR Uganda) OR Kenya) OR
Tanzania) OR South Sudan)) Filters: from 2007/1/1 - 2020/12/31

Page 25
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20 Search (east african community[Title/Abstract]) OR ((((((Rwanda[Title/Abstract]) OR Burundi) OR
Uganda) OR Kenya) OR Tanzania) OR South Sudan)

19 Search  (((((((((((acute  viral  respiratory infection[Title/Abstract])) OR influenza like
illness[Title/Abstract]) OR severe acute respiratory illness[Title/Abstract]) OR respiratory syncytial
virus[Title/Abstract]) OR ("Respiratory Syncytial Viruses"[Mesh] OR "Respiratory Syncytial Virus
Infections"[Mesh] OR "Respiratory Syncytial Virus, Human"[Mesh])) OR parainfluenza virus[Title/Abstract])
OR ("Parainfluenza Virus 5"[Mesh] OR "Parainfluenza Virus 4, Human"[Mesh] OR "Parainfluenza Virus 3,
Human"[Mesh] OR "Parainfluenza Virus 2, Human"[Mesh] OR "Parainfluenza Virus 1, Human"[Mesh])) OR
adenovirus[Title/Abstract]) OR ("Adenoviridae Infections"[Mesh] OR "Adenovirus Infections, Human"[Mesh]
OR "Adenoviruses, Human"[Mesh])) OR other respiratory virus[Title/Abstract]) OR
pneumonia[Title/Abstract]) OR ("Pneumonia“’[Mesh] OR "Pneumonia, Viral"[Mesh])

18 Search (((prevalence[Title/Abstract]) OR ("Prevalence"[Mesh] OR "epidemiology"” [Subheading] OR
"Cross-Sectional Studies"[Mesh])) OR incidence[Title/Abstract]) OR ("Incidence”[Mesh] OR "epidemiology"
[Subheading] OR "Cohort Studies"[Mesh])

17 Search (((((Rwanda[Title/Abstract]) OR Burundi) OR Uganda) OR Kenya) OR Tanzania) OR South
Sudan

16 Search east african community[Title/Abstract]

15 Search "Pneumonia"[Mesh] OR "Pneumonia, Viral'[Mesh]

14 Search pneumonia[Title/Abstract]

13 Search other respiratory virus[Title/Abstract]

12 Search "Adenoviridae Infections"[Mesh] OR "Adenovirus Infections, Human'[Mesh] OR
"Adenoviruses, Human"[Mesh]

11 Search adenovirus[Title/Abstract]

10 Search "Parainfluenza Virus 5"[Mesh] OR "Parainfluenza Virus 4, Human"[Mesh] OR "Parainfluenza

Virus 3, Human"[Mesh] OR "Parainfluenza Virus 2, Human'[Mesh] OR "Parainfluenza Virus 1,
Human"[Mesh]

9 Search parainfluenza virus[Title/Abstract]

8 Search "Respiratory Syncytial Viruses"[Mesh] OR "Respiratory Syncytial Virus Infections"[Mesh] OR
"Respiratory Syncytial Virus, Human"[Mesh]

7 Search severe acute respiratory illness[Title/Abstract]

6 Search influenza like illness[Title/Abstract]

5 Search acute viral respiratory infection[Title/Abstract]

4 Search "Incidence"[Mesh] OR "epidemiology" [Subheading] OR "Cohort Studies"[Mesh]

3 Search incidence[Title/Abstract]

2 Search "Prevalence"[Mesh] OR "epidemiology" [Subheading] OR "Cross-Sectional Studies"[Mesh]
1 Search prevalence[Title/Abstract]
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Study selection

Before data extraction, all selected studies were critically appraised for methodological quality. This was
accomplished with a standardized critical appraisal instrument from the Joanna Briggs Institute by two
independent reviewers. This review followed the guideline of systematic reviews of prevalence and
incidence manual with the use of JBI SUMARI software available at //www.jbisumari.org.

Page 8

Data collection process

10

All data extracted from selected studies were included in the review using a standardized data extraction
tool in JBI SUMARI software by the two independent reviewers.

Page 8

Data items

11

Extracted data consisted of specific details about the names of the primary author, year of publication,
locality, age category, clinical condition, study design, length of the study period, specimen type, laboratory
test, number of cases, and total population.

Page 8

Risk of bias in individual
studies

12

The risk of bias was assessed in the selected studies through the use of an eight variable rating scale [24—
27]. Each was given a score for how well-defined and clearly reported the variable was. The variables
included: i) length of a study period which was at least three months to permit laboratory processing of
samples and analysis, ii) year of documentation or publication, iii) study area (country or study locality), iv)
age group description, v) clinical condition or syndrome using a standard case definition, vi) standardized
type of specimen collection, vii) laboratory methodology and viii) type of study design. Each variable received
a score of one for a clear and defined record and zero for missing or unclear documentation. Thus, the scores
could range from 0 to 8. We categorized scores of 0 to 2 as high risk for bias, 3 to 5 as medium risk, and 6
to 8 as low risk.

Page 9

Summary measures

13

Prevalence (proportion)

Page 9

Synthesis of results

14

Data were analysed using Stata®13 (StataCorp, College Station, TX). The dataset was re-organized and
coded for analysis, and further meta-analysis was performed using the “metaprop” package in STATA
program [28]. Initially, unadjusted prevalence of HRSV, HPIV and HAdV infections were calculated based on
the crude numerators and denominators found among the individual studies.

To ensure that studies with very small or large prevalence were kept in the overall estimates, the Freeman-
Tukey double-arcsine transformation technique was performed using the metaprop command [29]. This
procedure stabilized the variance of study-specific prevalence before applying a random-effects model (RE)
to assess heterogeneity and generate a pooled prevalence estimate. The random-effects model allowed the
effect to vary across studies, providing more conservative estimates with wider confidence intervals given
the observed heterogeneity between studies [30]. It was implemented using the method of DerSimonian and
Laird [31], whereas 95% confidence intervals (Cls) were drawn from exact binomial distribution (Clopper-
Pearson) [32]. The 12 statistic, Cochran’s Q test, and subgroup analysis were used to assess heterogeneity
[33]. The statistical values of 12 expressed the variation of in-between studies differences as a percentage,
simplifying the interpretation with the “rule of thumb” [33, 34]. Generally, a substantial heterogeneity was
indicated by the values of 12 >50%, whereas a tentative categories of minimal (12<=25%), low (12=25-4950%),
moderate (I12=50-75%), and high (12>=75%) [33, 35].

Page9-10
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Reported

Section/topic Checklist item on page
#

Risk of bias across 15 | Further assessment, a funnel plot was generated, and an egger test was performed with a metabias | Page9-

studies command to evaluate the publication bias refer to the “small-study effects” [36]. The Egger test of P<0.10 | 1
indicated a significant publication bias [37-39].

Additional analyses 16 | Prevalence of infection was described by country, age group, and clinical conditions. In addition, pie-charts | Page9-
were used to display the prevalence of HRSV, HPIV and HAdV infections in the region with quantum | 1
geographical information system (qGIS). Subgroup analyses were performed on variables of public health
importance including; clinical condition (ILI, SARI, or ARTIs), age groups (below five, five and above, or all
ages) and locality (Kenya, Tanzania, or Uganda). We followed guidelines for systematic reviews of
prevalence and incidence from the Joanna Briggs Institute to accomplish this review. In addition, the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guided the report writing
(S2). This review was registered in the International Prospective Register of Systematic Reviews
(PROSPERO) under registration number CRD42018110186.

RESULTS

Study selection 17 | In this review, we found 1005 records in published databases and 5 reports from unpublished sources. Pagel0

After filtering based on the defined study period (2007-2020), 995 (990 published and 5 unpublished)
studies were retained. A total of 299 (294 published and 5 unpublished) were retained after removing 188
duplicates. After screening using the abstract and title, we excluded 508 which did not meet eligibility
criteria. The remaining 26 studies were assessed for full article eligibility, and 14 were excluded for
different reasons shown in Figure 1. Twelve (12) studies met eligibility criteria and were therefore included
in the study with further meta-analysis.
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Records identified through published
database searching (n =1005)

Additional  records identified through

unpublished sources (n=5)

Records removed by study period filter

v

Records retained after filtering studies by
study period (n=995)

(n=15)

Records excluded after removing duplicate
L (n=188)

r

Records retained after removing duplicates and
screened for Title/ abstract (n =299)

Records excluded after screening for
abstract and title (n =508)

Records excluded during full article

v

v

assessment (n =273)

Records retained after full article assessment for
eligibility (n=26)

Full-text articles excluded for

the following reasons;

* 9 failed to report
outcome of interest
. ¢ 3 had undefined study

design
s 2 had undefine clinical
conditions

Studies included in quantitative synthesis (meta-
analysis) (n=12)
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Study characteristics

18

In this review, qualified studies were documented from 2009 to 2018 (S3). A large number of studies on the
selected viruses were conducted in Kenya (Table 1). These comprised studies of HRSV (n=8, 80%), HPIV
(n=6, 75%) and HAdV (n=7, 77.7%) (S4). Tanzania and Uganda had one study each which reported results
for all three of the viruses under investigation. There were no available studies from Rwanda, Burundi, and
South Sudan that assessed any of the three viruses during the period under review. Most studies reported
for the three countries were cross-sectional. Furthermore, the majority of studies (n=6) were of acute
respiratory tract infections (ARTIS) involving both ILI and SARI. A few studies (n=4) reported ILI only, and 2
were SARI only. Five studies reported having enrolled individuals of all ages, while four studies recruited
participants aged under five years only, and one study exclusively enrolled participants aged five years and
older. The majority (n=7) of studies were conducted over a period of >12 months, two were <5 months, and
one was 6-12 months. Polymerase chain reaction (PCR) was the most common diagnostic test, and most
studies collected and analysed both oropharyngeal swabs (OPS) and nasopharyngeal swabs (NPS)
specimens.

Page 11

Risk of bias within studies

19

It was noted that in general, studies had a low risk of bias. Studies reported minimal bias for the HRSV
(90%), HPIV (87.5%), and HAdV (88.8%)(Table 1).
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Results of individual
studies

20

The overall pooled prevalence of HRSV was 11% (7-15; 95% CI) reported from 10 studies with a total
population of 22,627 participants (S1 Fig). The estimated overall pooled prevalence of 9% (7-11; 95% CI)
HPIV was estimated from 8 studies with 28,363 participants (S2 Fig). HAdV overall pooled prevalence was
13% (6-21; 95% CI) recorded in 9 studies with 28,829 participants (S3 Fig)
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Synthesis of results

21

A pooled prevalence of 10% (6-15; 95% CI) was found for HRSV, 9% (7-11; 95% CI) for HPIV, and 12% (3-
27; 95% CI) for HAdV when restricting the analysis to the studies that investigated ARTIs. Prevalence
estimates from ILI studies only found HRSV, HPIV and HAdV prevalences of 5% (95% CI: 4-7, 5% (95% CI:
5-6), and 3% (95% CI: 3-3.5) respectively. In contrast, estimates from SARI studies only were higher for all
three viral pathogens at 22% (95% CI: 20-23) for HRSV, 16% (95% CI: 12-21) for HPIV and 18% (95% CI:
16-19) for HAdV.

Studies which considered participants of all ages had an estimated prevalence of 9% (95% CI: 5-14), 9%
(95% CI: 6-12) and 12% (95% ClI: 4-24) for HRSV, HPIV, and HAdV, respectively. Prevalences of 10% (95%
Cl: 2-24) for HRSV, 6% (95% CI: 4-9) for HPIV, and 15% (95% ClI: 13-16) for HAdV were reported in studies
that enrolled participants who were under five years of age. In the studies that involved individuals five years
and above, HSRV prevalence was similar at 10% (95% CI: 6-15), whereas the prevalence of HPIV and
HAdV was much higher at 14% (95% CI: 9-21) and 30% (95% CI: 23-37) respectively.

For studies carried out in Kenya, prevalences of HRSV, HPIV and HAdV were 10% (95% CI: 6-15), 9%
(95% CI: 7-11) and 14% (95% CI: 7-25) respectively. In Tanzania, estimated prevalence of HAdV and HPIV
were similar at 9% (95% CI: 6-12) and 10% (95% CI: 7-14), whereas HRSV prevalence was higher at 29%
(95% CI: 24-35). In the studies conducted in Uganda, the corresponding prevalences of HRSV, HPIV, and
HAdV were lower at 3% (95% ClI: 2-6), 6% (95% CI: 4-9), and 8% (95% CI: 5-12).
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Risk of bias across
studies

22

There was no publication bias suggested by the funnel plot and or the Egger’s test (Table 2). Whereas
considerable heterogeneity was noted overall and in subgroup analysis, no publication bias was recorded
in analysis of subgroups with enough studies to assess (ARTIs, All ages, and Kenya).
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Additional analysis

23

A similar prevalence to the overall prevalence was documented when restricting the analysis to studies of
ARTI: 12% (95% CI: 3-27) for HAdV, 10% (95% CI: 6-15) for HRSV, and 9% (95% ClI: 7-11) for HPIV. In
addition, studies that involved participants of all ages had a pooled prevalence of 12% (95% ClI: 4-24) for
HAdV, 9% (95% CI: 5-14) for HRSV, and 9% (95% CI: 6-12) for HPIV. Studies performed in Kenya
reported prevalence of 14% (95% CI: 7-25), 10% (95% CI: 6-15), and 9% (95% CI: 7-11) for HAdV, HRSV,
and HPIV respectively.

Page 14

DISCUSSION

Summary of evidence

24

A total of 12 studies were eligible for this meta-analysis. Of these, 10 reported HRSV, 8 HPIV, and 9 HAdV.
The overall pooled prevalence of HRSV was 11%, 9% for HPIV, and 13% for HAdV. In general, these
respiratory viruses were reported in people with ILI, SARI, and/or ARTIs. Overall, 8 (80%) of the reported
studies were done in Kenya.
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Limitations

25

This systematic review is subject to several limitations. The systematic searches performed in this review
were limited to the most accessible and widely used databases of medical literature, including Medline and
Global Index Medicus. In addition, the search was complemented with unpublished literature from major
public health institutions and research programs in the EAC. We identified several significant sources of
heterogeneity in the estimates of pooled prevalence of HRSV, HPIV, and HAdV, including disease severity,
age group, and location. Heterogeneity may also be influenced by other factors, including measured factors
such as the length of the study period, study design, and laboratory technique. For example, while most
studies used highly sensitive and specific diagnostic PCR tests to detect these virusest, studies which used
less sensitive diagnostic methods likely underestimated prevalence. Heterogeneity may also have been
influenced by unmeasured factors. Selection of participants may also have been different among the
studies, likely resulting in higher prevalence among studies in which patients with more severe illness were
enrolled, such as SARI as compared to ILI patients. Additionally, the sample size of studies eligible for
inclusion in this analysis was small, limiting the power to detect differences, particularly in subgroup analysis.
For example, not all countries of the EAC were represented, and Tanzania and Uganda only had one study
each. The small sample size may be due to various factors including limited funding, government policy
and priorities, the challenges of information sharing, lack of documentation, inaccessibility of databases, and
difficulties with publication of data. Further, the presence of extreme values of prevalence introduced
computational complexity which limited our ability to report confidence intervals for the 12 values.

Finally, this review only included studies in which patients were selected based on defined medical
conditions such as ILI and SARI or ARTIs in general. Studies that included asymptomatic participants were
excluded. Asymptomatic patients would likely have had lower prevalences of these viruses than the
symptomatic populations used in our study. Therefore the results of this review cannot be generalized to the
general population. The exclusion of asymptomatic cases was considered necessary to avoid overdiagnosis
of patients who were colonized or carriers of viruses which may not have ever caused disease.

Pagel7-
18

Page | 151




Conclusions

26

Respiratory illness surveillance programs in the EAC have enhanced the detection of both influenza and
non-influenza viruses for over a decade. However, there are no platforms for systematic information sharing
in the region. It is vital to establish national and regional information-sharing platforms for non-influenza
respiratory viruses to guide future research, policy, and development. Our findings indicate that human
adenoviruses are the most common sources of ILI and SARI other than influenza infection, followed by the
human respiratory syncytial virus and parainfluenza virus. Future studies or research could identify the
prevalence of HRSV, HPIV, and HAdV using standardized methods and populations to increase
comparability among studies and to account for sources of misclassification and heterogeneity. Additional
studies should be considered among older populations, among populations from EAC countries from which
no data were found, and asymptomatic populations. In addition, the literature search could include additional
databases used in biomedical research. Finally, other emerging respiratory pathogens could be studied and
further molecular characterization could be carried out to assess transmission.
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Annex 11: Fast Fourier transformation data

a) Respiratory Syncytial Virus time-series data and Fast Fourier transformation

Time-OnSet RSV** positive | IDFT** Time-OnSet RSV** positive IDFT**

Jan-2007 2 1.351424329 | Jan-2009 8 9.389178108
Feb-2007 4 2.345634546 | Feb-2009 7 10.85399836
Mar-2007 6 3.260769443 | Mar-2009 15 11.52811501
Apr-2007 0 3.803398319 | Apr-2009 7 11.01430817
May-2007 1 3.751316274 | May-2009 7 9.288823404
Jun-2007 3 3.044333532 | Jun-2009 15 6.745855897
Jul-2007 2 1.832359858 | Jul-2009 2 4.112841429
Aug-2007 1 0.459585917 | Aug-2009 5 2.254224629
Sep-2007 2 -0.616922329 | Sep-2009 4 1.916392551
Oct-2007 0 -0.954323487 | Oct-2009 1 3.487280513
Nov-2007 1 -0.260263213 | Nov-2009 3 6.843902174
Dec-2007 0 1.504155397 | Dec-2009 12 11.33891708
Jan-2008 1 4.089748915 | Jan-2010 8 15.93902317
Feb-2008 8 7.008884536 | Feb-2010 22 19.48415739
Mar-2008 7 9.659824777 | Mar-2010 30 20.99989044
Apr-2008 13 11.4922694 | Apr-2010 22 19.97697443
May-2008 16 12.16577777 | May-2010 15 16.53770489
Jun-2008 13 11.65231151 | Jun-2010 9 11.43767364
Jul-2008 5 10.24893997 | Jul-2010 2 5.895937439
Aug-2008 5 8.492918513 | Aug-2010 3 1.294267977
Sep-2008 13 7.001235774 | Sep-2010 0 -1.176518562
Oct-2008 4 6.281163521 | Oct-2010 2 -0.828899031
Nov-2008 14 6.569447193 | Nov-2010 2 2.334885792
Dec-2008 4 7.751470654 | Dec-2010 2 7.613511117
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Time-OnSet RSV** positive | IDFT** Time-OnSet RSV** positive IDFT**

Jan-2011 11 13.7780422 | Jan-2013 2 4.776125944
Feb-2011 17 19.37906383 | Feb-2013 1 5.839244108
Mar-2011 37 23.10798736 | Mar-2013 2 6.1445082
Apr-2011 20 24.11720972 | Apr-2013 9 5.584653432
May-2011 31 22.21610722 | May-2013 9 4.311798815
Jun-2011 12 17.89460013 | Jun-2013 0 2.672591658
Jul-2011 5 12.17325408 | Jul-2013 1 1.08885618
Aug-2011 4 6.325282832 | Aug-2013 0 -0.075580641
Sep-2011 1 1.548556675 | Sep-2013 1 -0.619627941
Oct-2011 0 -1.323905991 | Oct-2013 0 -0.550627646
Nov-2011 2 -2.000687364 | Nov-2013 0 -0.060923716
Dec-2011 0 -0.755688154 | Dec-2013 0 0.552301869
Jan-2012 6 1.69784898

Feb-2012 5 4.439035061

Mar-2012 5 6.606375725

Apr-2012 1 7.62441513

May-2012 7 7.330417858

Jun-2012 10 5.973577101

Jul-2012 0 4.097192408

Aug-2012 3 2.34690762

Sep-2012 2 1.266309099

Oct-2012 0 1.140481655

Nov-2012 12 1.929788375

Dec-2012 2 3.306579586
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Fast Fourier transform

Cycle Magnitude Phase

0 569 0
1 356.441692 4.473339642
2 100.087251 2.437068241
3 7.38518152 3.967366378
4 81.881598 3.311117909
5 71.4078421 1.665583537
6 38.3635339 4.067948695
7 93.8772921 0.878067626
8 152.954032 -0.827990228
9 101.67601 3.401667442
10 179.784314 0.832998332
11 210.918466 -1.211944269
12%* 180.003756 3.017092179
13 86.7767334 1.298906608
14 46.5866765 4.700201893
15 35.733676 2.833764538
16 27.3325614 -0.98953301
17 28.6590169 1.439130906
18 78.7637152 -0.232446868
19 60.4899982 -1.316145551
20 39.4032782 2.450047662
21 60.3672944 -0.264235728
22 71.0818111 3.504223132
23 27.3344687 1.895511314
24 32.2750708 1.089076509

**0Only 12 component were considered for the analysis

**IDFT:Inverse discrete Fourier transform

**RSV: Respiratory syncytial virus
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b) Parainfluenza virus time-series data and Fast Fourier transformation

Time-OnSet PIV**positive IDFT** Time-OnSet PIV**positive IDFT**

Jan-2007 0 -0.376540662 | Jan-2009 9 18.02796
Feb-2007 1 1.236739532 | Feb-2009 13 18.01838
Mar-2007 0 3.265050835 | Mar-2009 21 17.42806
Apr-2007 0 5.395291921 | Apr-2009 24 16.11204
May-2007 7 7.30468551 | May-2009 16 14.08431
Jun-2007 10 8.742203724 | Jun-2009 16 11.54792
Jul-2007 15 9.589603553 | Jul-2009 0 8.873528
Aug-2007 11 9.885295057 | Aug-2009 4 6.52812
Sep-2007 13 9.804967324 | Sep-2009 5 4.970108
Oct-2007 7 9.605367768 | Oct-2009 6 4.537387
Nov-2007 16 9.548183894 | Nov-2009 5 5.358291
Dec-2007 2 9.826474964 | Dec-2009 4 7.310212
Jan-2008 4 10.51490359 | Jan-2010 9 10.03852
Feb-2008 3 11.55748972 | Feb-2010 21 13.03241
Mar-2008 20 12.79502964 | Mar-2010 17 15.73928
Apr-2008 23 14.02220583 | Apr-2010 18 17.68855
May-2008 20 15.05545435 | May-2010 21 18.59392
Jun-2008 18 15.78960601 | Jun-2010 19 18.40849
Jul-2008 9 16.22513434 | Jul-2010 7 17.32028
Aug-2008 13 16.45738413 | Aug-2010 8 15.69138
Sep-2008 10 16.63149863 | Sep-2010 14 13.95867
Oct-2008 18 16.87809111 | Oct-2010 16 12.5233
Nov-2008 34 17.25145112 | Nov-2010 32 11.65789
Dec-2008 13 17.69202973 | Dec-2010 6 11.45401
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Time-OnSet PIV**positive IDFT** Time-OnSet PIV**positive IDFT**
Jan-2011 7 11.82070172 | Jan-2013 9 14.59499
Feb-2011 12 12.5301672 | Feb-2013 11 15.67511
Mar-2011 11 13.29437679 | Mar-2013 8 16.02189
Apr-2011 12 13.84908301 | Apr-2013 30 15.53523
May-2011 11 14.02147092 | May-2013 14 14.24513
Jun-2011 15 13.764205 | Jun-2013 18 12.29908
Jul-2011 18 13.14962645 | Jul-2013 10 9.927315
Aug-2011 11 12.3299198 | Aug-2013 4 7.396047
Sep-2011 11 11.4786206 | Sep-2013 2 4.960386
Oct-2011 16 10.73321093 | Oct-2013 2 2.826839
Nov-2011 9 10.15673154 | Nov-2013 0 1.131355
Dec-2011 5 9.729197047 | Dec-2013 0 -0.06604
Jan-2012 12 9.369548688

Feb-2012 5 8.979094386

Mar-2012 12 8.490829936

Apr-2012 5 7.907575044

May-2012 11 7.315751807

Jun-2012 8 6.869515554

Jul-2012 1 6.749302322

Aug-2012 7 7.106815351

Sep-2012 2 8.012687137

Oct-2012 23 9.422377645

Nov-2012 23 11.17065119

Dec-2012 1 12.99688906
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Fast Fourier transform

Cycle Magnitude Phase

0 940 0
1 515.2035922 4.404418
2 105.775605 -1.33489
3 118.7032828 3.406321
4 137.666935 3.980966
5 144.3781839 1.6539
6 53.00126125 4.685464
7 87.00554749 -0.48147
8 149.1333136 3.539104
9 36.48292675 1.712262
10 25.68283843 1.10554
11 83.54733832 4.346245
12** 59.74542297 3.159648
13 115.2604462 2.695428
14 66.62468291 1.064536
15 19.52693452 1.585509
16 38.88795761 3.066749
17 132.0181569 0.972263
18 73.19374041 -1.08011
19 63.90708601 0.295341
20 54.25577106 4.604959
21 72.01142242 -1.2496
22 158.25545 2.995526
23 105.9701564 1.109768
24 49.17011659 1.125788

**0nly 12 component were considered for the analysis

**IDFT:Inverse discrete Fourier transform

**P|V: Parainfluenza virus
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c¢) Adenovirus time-series data and Fast Fourier transformation

Time-OnSet AdVs**positive IDFT** Time-OnSet AdVs**positive IDFT**

Jan-2007 4 2.937735215 | Jan-2009 5 10.5228183
Feb-07 2 4.536578086 | Feb-2009 9 10.6643778
Mar-2007 6 6.403739309 | Mar-2009 15 10.7999421
Apr-2007 10 8.426318081 | Apr-2009 12 10.9791053
May-2007 15 10.45129891 | May-09 10 11.2019388
Jun-2007 22 12.2988606 | Jun-2009 18 11.4167939
Jul-2007 4 13.78427066 | Jul-2009 5 11.5375398
Aug-2007 6 14.74610745 | Aug-2009 10 11.474893
Sep-2007 13 15.07604472 | Sep-2009 13 11.1718136
Oct-2007 19 14.74372336 | Oct-2009 9 10.6312546
Nov-2007 22 13.81006988 | Nov-2009 13 9.92645445
Dec-2007 10 12.42415863 | Dec-2009 12 9.18900441
Jan-2008 7 10.80214703 | Jan-2010 4 8.57665966
Feb-2008 11 9.191165822 | Feb-2010 9 8.22930305
Mar-2008 15 7.825155148 | Mar-2010 7 8.22564855
Apr-2008 6.882281824 | Apr-2010 10 8.55382998
May-2008 6.453846288 | May-2010 7 9.10565351
Jun-2008 6.532208486 | Jun-2010 12 9.69785375
Jul-2008 10 7.020710661 | Jul-2010 11 10.1159787
Aug-2008 7 7.763004612 | Aug-2010 9 10.1697701
Sep-2008 13 8.584124783 | Sep-2010 7 9.745114
Oct-2008 5 9.332545617 | Oct-2010 13 8.83800927
Nov-2008 22 9.912276662 | Nov-2010 9 7.56054999
Dec-2008 3 10.29692279 | Dec-2010 4 6.11643393
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Time-OnSet AdVs**positive IDFT** Time-OnSet AdVs**positive IDFT**

Jan-2011 2 4.751906623 | Jan-2013 1 2.80636858
Feb-2011 4 3.694945902 | Feb-2013 3 2.41451488
Mar-2011 4 3.098900084 | Mar-2013 1 2.24478583
Apr-2011 3 3.005707282 | Apr-2013 2 2.27635448
May-2011 5 3.338510717 | May-2013 3 2.42596163
Jun-2011 2 3.925424775 | Jun-2013 1 2.57588692
Jul-2011 6 4.547666286 | Jul-2013 4 2.61071987
Aug-2011 5 4.998652363 | Aug-2013 5 2.45182242
Sep-2011 9 5.137834933 | Sep-2013 1 2.07954536
Oct-2011 2 4.924763594 | Oct-2013 1 1.53729078
Nov-2011 1 4.424612904 | Nov-2013 0 0.91709659
Dec-2011 1 3.784507539 | Dec-2013 0 0.3318428
Jan-2012 4 3.188107746

Feb-2012 8 2.801778879

Mar-2012 4 2.727645689

Apr-2012 3 2.976444642

May-2012 5 3.467113542

Jun-2012 0 4.052285303

Jul-2012 1 4.561546253

Aug-2012 6 4.84955527

Sep-2012 6 4.835190995

Oct-2012 4 4.520953348

Nov-2012 9 3.987889814

Dec-2012 2 3.36850896
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Fast fourier transform

Cycle Magnitude Phase

0 591 0
1 357.989036 -1.36499
2 110.472351 4.564494
3 31.9270374 4.521367
4 100.691513 -1.15847
5 69.4772391 4.418732
6 71.0458728 4.408749
7 74.3110724 4.039538
8 62.1104181 3.25723
9 24.5640594 2.674809
10 22.4933615 4.148375
11 46.1519813 2.56411
12%* 30.7459011 0.06586
13 24.6681751 -0.92536
14 39.7437245 4.483586
15 29.7539917 -0.88998
16 72.1534498 3.977194
17 20.4689449 2.936966
18 46.1555615 3.112553
19 33.0622 1.303646
20 20.3609888 4.627995
21 24.243393 3.099134
22 44.,1856576 3.125528
23 73.0012755 1.972331
24 24.7981032 1.188708

**0Only 12 component were considered for the analysis

**|DFT:Inverse discrete Fourier transform

**AdV: Adenovirus
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Annex 12: Twelve eligible studies

No Title Author Year Country
1 Prevalence of viral aetiologies in children with acute respiratory Samwel 2009 Kenya
infections in Nairobi, Kenya
2  Respiratory Adenovirus Species Circulating In Kenya from 2007-2010 AchillaR et al 2012 | Kenya
3  Epidemiology of respiratory viral infections in two long-term refugee Ahmed A.J et al 2012 Kenya
camps in Kenya, 2007-2010
4 Surveillance of Human Parainfluenza viruses in Kenya during the 2007- | Mitei K et al 2012 | Kenya
2011 Period
5 The viral aetiology of influenza-like illnesses in Kampala and Entebbe, Balinandi S. et al 2013 Uganda
Uganda, 2008
6 | Viral and Bacterial Causes of Severe Acute Respiratory lllness Among Feikin D.R et al 2013 | Kenya
Children Aged Less Than 5 Years in a High Malaria Prevalence Area of
Western Kenya, 2007-2010
7 The burden of influenza and RSV among inpatients and outpatients in Emukule G.O. et al 2014 Kenya
rural western Kenya, 2009-2012
8 | Prevalence of respiratory viral pathogens in nasopharyngeal and Gachie L.R. et al 2014 | Kenya
oropharyngeal specimens and clinical outcomes in young children
presenting with severe acute respiratory infections at Kenyatta
National Hospital
9  Etiology and Incidence of Viral Acute Respiratory Infections Among Mohamed Gedi A et al 2015 Kenya
Refugees Aged 5 Years and Older in Hagadera Camp, Dadaab, Kenya
10 The Prevalence of Influenza and other Respiratory Viruses among ILI Mmbaga V. et al 2018 | Tanzania
and SARI patients in Tanzania, from January 2016 to August 2017
11 The Burden of Influenza and Respiratory Syncytial Virus in Infants 0-2 Nyawanda O.B et al 2018 Kenya
Months Old in Rural Western Kenya; Preliminary Data, 2015-2017
12 Surveillance of respiratory viruses in the outpatient setting in rural Nyiro J. U et al 2018 | Kenya

coastal Kenya: baseline epidemiological observations
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Annex 13: Studies bias assessment

No | Author Study Year Location | Age | Clinical Specimen | Diagnostic | Study Total Bias risk
period documentation condition | type test design score
Samwel et al (2009) 1 1 1 1 1 1 1 8 | low

2 | AchillaR et al (2012) 1 1 1 1 1 1 1 low
Ahmed A.J et al 1 1 1 1 1 1 1 8 | low
(2012)

4 | Mitei K et al (2012) 1 1 1 0 1 1 1 7 | low
Balinandi S. et al 1 1 1 1 1 1 8 | low
(2013)

6 | Feikin D.R et al 1 1 1 1 1 1 1 8 | low
(2013)

7 | Emukule G.O. et al 1 1 1 1 1 1 1 8 | low
(2014)

8 | Gachie L.R. et al 0 1 1 1 1 1 1 7 | low
(2014)

9 | Mohamed Gedi A et 1 1 1 1 1 1 1 8 | low
al (2015)

10 | Mmbaga V. et al 0 1 0 0 1 1 1 4 | moderate
(2018)

11 | Nyawanda O.B et al 1 1 1 1 1 1 1 8 | low
(2018)

12 | Nyiro J.U et al (2018) 1 1 1 1 1 1 1 8 | low

Score category risk of bias

0-2: High, 3-5: moderate, and 6-8 :low

Documented and clarity of study characteristic score: 1 (Yes)

Absence and or unclear of study characteristic score : 0 (No)
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Annex 14: Study participants’ clinical characteristics by respiratory viruses

Virus HRSV HPIV HAdVs
Variable/ Outcome | Total | Proportion | Positive | Negative | Chi- Positive | Negative | Chi- Positive | Negative | Chi-

Pop square square square

N % n (%) n (%) P-value n (%) n (%) P-value n (%) n (%) P-value
Overall 17261 539(3) | 16722(97) 922(5) | 16339(95) 581(3) | 16680(97)
Cough 98 0.318 0.683 0.839
Yes 16870 532(3) | 16338(97) 905(5) | 15965(95) 566(3) | 16304(97)
No 387 7(2) 380(98) 17(4) 370(96) 15(4) 372(96)
Breathing difficulty 0.921 0.051 0.733
Yes 3954 23 | 127(3) | 3827(97) 181(5) | 3773(95) 140(4) | 3814(96)
No 13231 410(3) | 12821(97) 737(6) | 12494(94) 438(3) | 12793(97)
Chills* 20 <0.001 0.008 0.001
Yes 3424 82(2) 3342(98) 160(5) | 3264(95) 80(2) 3344(98)
No 7870 215(3) | 7655(97) 402(5) | 7468(95) 278(4) | 7592(96)
Sore throat* 14 0.001 0.019 0.029
Yes 2428 58(2) 2370(98) 101(4) | 2327(96) 66(3) 2362(97)
No 3247 79(98) | 3168(98) 176(5) | 3071(95) 96(3) 3151(97)
Muscle Aches 3 0.002 0.36 0.003
Yes 460 4(1) 456(99) 18(4) 442(96) 3(1) 457(99)
No 3630 95(3) 3535(97) 191(5) | 3439(95) 135(4) | 3495(96)
Retro-Orbital pain* 78 0.236 0.508 0.334
Yes 1355 51(4) 1304(96) 71(5) 1284(95) 52(4) 1303(96)
No 6317 204(3) | 6113(97) 354(6) | 5963(94) 198(3) | 6119(97)
Malaise* 34 0.013 0.389 0.672
Yes 5954 195(3) | 5759(97) 308(5) | 5646(95) 193(3) | 5761(97)
No 4006 147(4) | 3859(96) 231(6) | 3775(94) 143(4) | 3863(94)
Vomiting 32 0.923 0.188 0.735
Yes 5593 174(3) | 5419(97) 278(5) | 5315(95) 196(4) | 5397(96)
No 11618 364(3) | 11254(98) 643(6) | 10975(94) 383(3) | 11235(97)
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Virus HRSV HPIV HAdVs
Variable/ Outcome | Total | Proportion | Positive | Negative | Chi- Positive | Negative | Chi- Positive | Negative | Chi-
Pop square square square

N % n (%) n (%) P-value n (%) n (%) P-value n (%) n (%) P-value
Overall 17261 539(3) | 16722(97) 922(5) | 16339(95) 581(3) | 16680(97)
Neurological signs* 11 <0.001 0.019 0.031
Yes 1888 23(1) | 1865(99) 78(4) | 1810(96) 70(4) | 1818(96)
No 12751 438(3) | 12313(97) 714(6) | 12037(94) 403(3) | 12348(97)
Abdominal Pain* 14 0.005 0.117 0.002
Yes 2452 57(2) | 2395(98) 113(5) | 2339(95) 61(2) | 2391(95)
No 7526 222(3) | 7304(97) 396(5) | 7130(95) 239(3) | 7287(97)
Nasal stiffness* 53 0.02 0.642 0.072
Yes 9174 258(3) | 8916(97) 477(5) | 8697(95) 330(4) | 8844(96)
No 7953 274(3) | 7679(97) 437(5) | 7516(95) 244(3) | 7709(97)
Runny Nose 87 0.065 0.005 0.056
Yes 15099 488(3) | 14611(97) 838(6) | 14261(94) 498(3) | 14601(97)
No 2115 49(2) | 2066(98) 83(4) | 2032(96) 79(4) | 2036(96)
Sputum* 14 <0.001 0.004 0.347
Yes 2508 40(2) | 2468(98) 100(4) | 2408(96) 76(3) | 2432(97)
No 8577 266(3) | 8311(97) 468(5) | 8109(95) 305(4) | 8272(96)
Headache* 15 0.129 0.002 <0.001
Yes 2547 67(3) | 2480(97) 99(4) | 2448(96) 50(2) | 2497(98)
No 2798 79(3) | 2719(97) 158(6) | 2640(94) 105(4) | 2693(96)
Joint Pain* 5 0.003 0.026 <0.001
Yes 966 15(2) 951(98) 34(4) 932(96) 6(1) 960(99)
No 3416 93(3) | 3323(97) 195(6) | 3221(94) 122(4) | 3294(94)
Fatigue 26 0.004 0.058 0.196
Yes 4518 159(4) | 4359(96) 242(5) | 4276(95) 136(3) | 4382(97)
No 4098 148(4) | 3950(96) 247(6) | 3851(94) 152(4) | 3946(94)
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Virus HRSV HPIV HAdVs
Variable/ Outcome Total | Proportion | Positive | Negative | Chi- Positive | Negative | Chi- Positive | Negative | Chi-
Pop square square square

N % n (%) n (%) P-value n (%) n (%) P-value n (%) n (%) P-value
Overall 17261 539(3) | 16722(97) 922(5) | 16339(95) 581(3) | 16680(97)
Diarrhea 18 <0.001 0.285 <0.001
Yes 3088 62(2) | 3026(98) 153(5) | 2935(95) 148(5) | 2940(95)
No 14141 476(3) | 13665(97) 766(5) | 13375(95) 433(3) | 13708(97)
Bleeding 0.6 0.346 0.718 0.063
Yes 119 2(2) 117(98) 6(5) 113(95) 8(7) 111(93)
No 17099 537(3) | 16562(97) 915(5) | 16184(95) 573(3) | 16526(97)
Fever 100 0.035 0.018 0.751
Moderate(37-38.92) | 10959 367 10592 621(6) | 10338(94) 365(3) | 10594(97)
Severe(39-39.92) 5654 160 5494 278(5) | 5376(95) 197(3) | 5457(97)
Very severs(<40) 637 12 625 23(4) 614(96) 19(3) 618(97)
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Annex 15: Clinical characteristics adjusted by age

HRSV HPIV HAdVs
Variable Adjusted OR* P-Value Adjusted OR* P-Value Adjusted OR* P-Value
/Outcome (95%Cl) (95%Cl) (95%Cl)
Age
<lyear (infant) Ref Ref Ref
2 to 4 year (Toddler Child) 0.75(0.62-0.91) 0.003 | 0.90(0.78-1.03) 0.153 | 0.69(0.58-0.83) <0.001
5 to < 18year (Child Adolescence) 0.50(0.31-0.79) 0.003 | 0.45(0.31-0.66) <0.001 0.29(0.17-0.49) <0.001
19-49 year (Adult) 0.19(0.04-0.77) 0.02 | 0.33(0.14-0.76) 0.009 | 0.08(0.01-0.59) 0.013
50+ year (Sr Adult) NA
Chills*
Yes Ref Ref Ref
No 1.54(0.75-3.16) 0.229 | 1.30(0.81-2.09) 0.259 | 0.82(0.45-1.49) 0.52
Sore throat*
Yes Ref Ref Ref
No 0.714(0.40-1.26) 0.25 | 0.82(0.55-1.24) 0.36 | 0.65(0.37-1.14) 0.137
Muscle Aches
Yes Ref Ref
No 2.64(0.30-22.7) 0.376 1.98(0.41-9.50) 0.39
Malaise*
Yes Ref
No 1.00(0.53-1.83) 0.988
Neurological signs*
Yes Ref Ref
No 0.44(0.20-0.94) 0.035 | 1.79(0.23-13.46) 0.57
Abdominal Pain*
Yes Ref Ref
No 1.33(0.60-2.94) 0.468 0.68(0.39-1.16) 0.161
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HRSV HPIV HAdVs
Variable Adjusted OR* P-Value Adjusted OR* P-Value Adjusted OR* P-Value
/Outcome (95%Cl) (95%Cl) (95%Cl)
Age
<lyear (infant) Ref Ref Ref
2 to 4 year (Toddler Child) 0.75(0.62-0.91) 0.003 | 0.90(0.78-1.03) 0.153 | 0.69(0.58-0.83) <0.001
5 to < 18year (Child Adolescence) 0.50(0.31-0.79) 0.003 | 0.45(0.31-0.66) <0.001 0.29(0.17-0.49) <0.001
19-49 year (Adult) 0.19(0.04-0.77) 0.02 | 0.33(0.14-0.76) 0.009 | 0.08(0.01-0.59) 0.013
50+ year (Sr Adult) NA
Nasal stiffness*
Yes Ref Ref Ref
No 1.61(0.98-2.65) 0.059 | 0.55(0.26-1.14) 0.112 | 1.10(0.69-1.75) 0.686
Runny Nose
Yes Ref
No 0.92(0.41-2.09) 0.86
Sputum*
Yes Ref Ref
No 0.82(0.23-2.88) 0.758 | 1.41(0.70-2.86) 0.328
Headache*
Yes Ref Ref
No 1.23(0.77-1.96) 0.377 | 0.94(0.56-1.76) 0.866
Joint Pain*
Yes Ref Ref
No 1.12(0.58-2.16) 0.725 | 2.23(0.58-8.57) 0.24
Fatigue
Yes Ref
No 1.27(0.60-2.67)
Diarrhea
Yes Ref Ref
No 2.64(0.94-7.94) 0.064 0.74(0.42-1.30) 0.299
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KENYA MEDICAL RESEARCH INSTITUTE

P.O. Box 54840-00200, NAIROBI, Kenya
Tel:(254) (020) 2722541, 2713349, 0722-205901, 0733-400003, Fax: (254) (020) 2720030
E-mail: director@kemri.org, info@kemri.org, Website.www.kemri.org

KEMRI/RES/7/3/1 Apr&l—lO 2019
,«_4’
TO: ‘ UMUHOZA THERESE,
PRINCIPAL INVESTIGATOR.

THROUGH: THE DIRECTOR, CVR,
NAIROBI. G%i_;

St

RE: KEMRI/SERU/CVR/003/3802 (RESUBMISSION  OF  INITIAL
SUBMISSION). A RETROSPECTIVE EVALUATION OF ACUTE VIRAL
RESPIRATORY INFECTIONS EPIDEMICLOGY, CLINICAL
CHARACTERISTICS AND RSIKS FACTORS IN KENYA (2007-2012)
(VERSION 1.2 DATED FEBRUARY 2019)

Dear Madam,

Reference is made to your letter dated February 28, 2019. The KEMRI Scientific and Ethics
Review Unit (SERU) acknowledges receipt of the following revised study documents on
March 19, 2019;

Revised proposal version 1.2 dated February 2019

SERU,comment letter dated 21 January 2019

Copy of ethical approval of the parent protocol dated 05 September 2018

Copy of informed consenting of the parent protocol

Letter of permission from the Principal Investigator allowing nesting of the sub-
study.

U N e

This is to inform you that the Committee noted that the issues raised at the 283™ Committee
A meeting of the KEMRI Scientific and Ethics Review Unit (SERU) held on January 15,
2019, have been adequately addressed.

Consequently, the study is granted approval for implementation effective this day, April 10,
2019 for a period of one (1) year. Please note that authorization to conduct this study will
automatically expire on April 09, 2020. If you plan to continue with data collection or
analysis beyond this date, please submit an application for continuation approval to SERU by
February 26, 2020.

You are required to submit any proposed changes to this study to SERU for review and the
changes should not be initiated until written approval from SERU is received. Please note

In Search of Better Health
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that any unanticipated problems resulting from the implementation of this study should be
brought to the attention of SERU and you should advise SERU when the study is completed
or discentinued.

You may embark on the study,

Yours faithfully,

ENOCK KEBENEI,
THE ACTING HEAD,

KEMRI SCIENTIFIC AND ETHICS REVIEW UNIT.
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DEPARTMENT OF THE ARMY
WALTER REED ARMY INSTITUTE OF RESEARCH
503 ROBERT GRANT AVENUE
SILVER SPRING, MD 20910-7500

MCMR-UWZ-C 24 April 2019

MEMORANDUM FOR Umuhoza Thérése, PhD, Principal Investigator (Pl), Department
of Emerging Infectious Diseases (DEID) US Army Medical Research Directorate —
Africa (USAMRD-A), Unit 8900, Box 330, DPO AE 09831-0330

SUBJECT: Project Qualifies as Not Human Subjects Research, WRAIR #1267G

1. A determination was made that the project, WRAIR #1267G, entitled, "A
Retrospective Investigation of Acute Viral Respiratory Infections Epidemiology, Clinical
Characteristics and Risk Factors in Kenya (2007-2012)," (Version 1.2, dated

February 2019), qualifies as not human subjects research, and therefore does not
require review by the WRAIR Institutional Review Board (IRB) in accordance with
WRAIR Policy Letter #12-09, as the Pl will not have access to the personal identifiers
for the data being obtained from WRAIR# 1267, therefore the activity does not meet the
definition of research involving human subjects and 32 CFR 219 does not apply.

2. As a sub-study to the approved protocol, WRAIR #1267, this project will acquire and
review three datasets of the selected viruses compiled from twelve sentinel sites
identified in the parent protocol. The Pl and study staff will not have access to
Personally Identifiable Information (PIl). The objectives of this study are to:

a. ldentify the prevalence of infections caused by respiratory syncytial virus (RSV),
human para-influenza viruses (HPVIs) and human adenviruses (HAdVs) in Kenya from
2007-2012;

b. Define morbidity burden of infections (such as Influenza-like llinesses (ILI) and
Severe Acute Respiratory Infections (SARI)) caused by RSVs, HPIVs, and HAdvs in
sentinel hospital settings of Kenya over the study period;

c. Determine socio-demographic, clinical and climate factors associated with
infections caused by RSVs, HPIVs, and HAdvs in Kenya; and

d. Describe a spatiotemporal distribution of infections caused by RSVs, HPIVs and
HAdvs in different geographic regions in Kenya over the same period as well as assess
seasonality.

3. This project is funded in part by the Global Emerging Infections Surveillance (GEIS)
program that supports the parent protocol. Additional funding is provided via the
Organization of Women in Science for Developing countries (OWSD).
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MCMR-UWZ-C
SUBJECT: Project Qualifies as Not Human Subjects Research, WRAIR #1267G

4. This project was endorsed by COL James Mancuso, MC, former Director, DEID US
Army Medical Research Directorate — Kenya (USAMRD-A), as scientifically feasible
and valid, militarily relevant, and appropriately resourced on 2 July 2018.

5. The Kenya Medical Research Institute (KEMRI) Scientific Ethics Review Unit
(SERU) approved this sub-study on 10 April 2019.

6. In accordance with the U.S. Army Medical Research and Materiel Command
(USAMRMC) policy 2018-75, this protocol requires review by the USAMRMC, Office of
Research Protections (ORP), Human Research Protections Office (HRPO), as this
study involves collaboration with extramural partners. The USAMRMC ORP HRPO
approval will need to be obtained and submitted to the Human Subjects Protection
Branch (HSPB) prior to the initiation of the study.

7. The WRAIR PI has the responsibility to obtain all business agreements prior to
initiation of any work with partners/collaborators or contracted services. This includes
any transfer of data or specimens. All relevant business agreements are to remain
current throughout the duration of the study and must be maintained by the PI. Failure
to obtain business agreements prior to initiation could result in sanctions or disciplinary
actions for both the USAMRD-A, Director and the Pl. The IRB and Human Subjects
Protection Branch (HSPB) will review business agreements as part of monitoring visits
to ensure they were obtained as required and report to the WRAIR Commander as to
adherence to this requirement. Please seek clarification from the Office of Research
Technology and Applications (ORTA).

8. Per the WRAIR Education Policy Letter #11-49, all individuals covered under the
WRAIR Human Research Protection Program (HRPP) are required to submit a
curriculum vitae (CV) and Collaborative Institutional Training Initiative (CITI) training
certificate; documentation of a signed and dated CV, as well as, completed CITI training
certificates have been provided for the WRAIR research personnel participating on the
protocol. A closeout notification must be submitted to the WRAIR HSPB upon
completion of this project.

9. No additional information is required at this time. However, should the objectives
change or should WRAIR personnel gain access to identifiers, or the link to personal
identifying information, this study would need an additional determination by the Chair,
WRAIR IRB or the Director, HSPB, as to whether or not USAMRD-A personnel are
engaged in human subjects research, and whether or not WRAIR IRB review and
approval are required. No changes, amendments or addenda may be made to the
project without prospective approval/acknowledgment. The WRAIR HSPB reserves the
right to review the project records and re-assess the research not involving human
subjects determination. The WRAIR HSPB also reserves the right to review the project
records and re-assess the not human subjects research determination as part of post
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approval compliance monitoring. The Pl is responsible for maintaining records that
confirm that the executed activities match the project that was evaluated and
determined to be not human subjects research.

10. The point of contact for this action is the undersigned at (301) 319-9438 or
Teresa.r.soderberg.civ@mail.mil.

-

TERESA R SODERBERG, MA, RA
Exemption Determination Official
Human Subjects Protection Branch
Walter Reed Army Institute of Research

CF:

Douglas Shaffer, MD

John Distelhorst, MAJ, MC

Professor Wallace Bulimo, PhD

Julius Oyugi, MD

Josephine Kabutu

Michael Obonyo

Jody L. Ference, M.S., CIP, CCRA, CIM
WRAIR ORTA

MCMR-RP
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Services University of the Health Sciences, Bethesda, Maryland, United States of America

* Wallace.bulimo @ usamru-k.org

Abstract

Background

Influenza viruses remain a global threat with the potential to trigger outbreaks and pandem-
ics. Globally, seasonal influenza viruses’ mortality range from 291 243-645 832 annually, of
which 17% occurs in Sub-Saharan Africa. We sought to estimate the overall prevalence of
influenza infections in Kenya, identifying factors influencing the distribution of these infec-
tions, and describe trends in occurrence from 2007 to 2013.

Methods

Surveillance was conducted at eight district hospital sites countrywide. Participants who met
the case definition for influenza-like iliness were enrolled in the surveillance program. The
nasopharyngeal specimens were collected from all participants. We tested all specimens for
influenza viruses with quantitative reverse transcriptase real-time polymerase chain reaction
(RT-gPCR) assay. Bivariate and multivariate log-binomial regression was performed with a
statistically significant level of p<0.005. An administrative map of Kenya was used to locate
the geographical distribution of surveillance sites in counties. We visualized the monthly
trend of influenza viruses with a graph and chart using exponential smoothing at a damping
factor of 0.5 over the study period (2007-2013).

Results

A total of 17446 participants enrolled in the program. The overall prevalence of influenza
viruses was 19% (n = 3230), of which 76% (n = 2449) were type A, 21% (n = 669) type B
and 3% (n = 112) A/ B coinfection. Of those with type A, 59% (n = 1451) were not subtyped.
Seasonal influenza A/H3N2 was found in 48% (n = 475), influenza A/H1N1/pdm 2009 in
43% (n = 434), and seasonal influenza A/ H1N1 in 9% (n = 88) participants. Both genders
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P0136_19_KY_04.01and P152_20_KY_04.01for  were represented, whereas a large proportion of participants 55% were <1year age. Influ-

the years 2019 and 2020 respectively. enza prevalence was high, 2 times more in other age categories compared to <1year age.
Competing interests: The authors have declared Category of occupation other than children and school attendees had a high prevalence of
that no competing interests exist. influenza virus (p< <0.001). The monthly trends of influenza viruses’ positivity showed no

seasonal pattern. Influenza types A and B co-circulated throughout the annual calendar dur-
ing seven years of the surveillance.

Conclusions

Influenza viruses circulate year-round and occur among children as well as the adult popula-
tion in Kenya. Occupational and school-based settings showed a higher prevalence of influ-
enza viruses. There were no regular seasonal patterns for influenza viruses.

Introduction

Influenza viruses cause a significant global burden with the potential to trigger devastating out-
breaks and or pandemics [1]. Seasonal influenza viruses cause global mortality ranging from
291 243-645 832 individuals annually, 17% of which occurs in Sub-Saharan Africa [2]. To pre-
vent, detect, and respond to the global threat of influenza, the World Health Organization
(WHO) established a Global Influenza Surveillance and Response System (GISRS) in 1952 [3,
4]. GISRS monitors the evolution of influenza viruses to provide recommendations for labora-
tory diagnostics, vaccines formulations, antiviral susceptibility, and risk assessment. The
WHO GISRS also serves as a global alert system for the emergence of influenza viruses with
pandemic potential. In response to the GISRS network, several nations and partners have pro-
gressively initiated an influenza surveillance program to detect influenza virus activities and
developed control measures [3].

In the African region, national influenza surveillance programs increased from 21 to 127
for Influenza-like Illness (ILIs) and 2 to 98 for Severe Acute Respiratory Illness (SARI) since
2006 in response to the 2005 international health regulations (IHR) [5]. Before 2006, no com-
prehensive surveillance of influenza or other viral respiratory illnesses was being undertaken
in Kenya. With the emergent pandemic threat due to the then little known virulent avian influ-
enza caused by the highly pathogenic influenza A (H5N1) virus in 2003 6], the United States
Department of Defense’s (US DoD) Global Emerging Infections Surveillance and Response
System (GEIS) expanded its outreach in respiratory virus surveillance by initiating influenza
surveillance to outside continental US (OCONUS) DoD laboratories, including the United
States Army Medical Research Unit-Kenya (USAMRU-K) [7]. This was a strategic Force
Health Protection response by US DoD to support military readiness by anticipating major
health threats to service members in the event of a military operation in this strategic area.

The primary objective of the respiratory surveillance program was to monitor the emer-
gence and characterize the epidemiology and clinical significance of respiratory pathogens
with special emphasis on influenza viruses, focusing on civilian and military populations. The
specific objective was to identify changes in circulating influenza virus subtypes and genotype
strains which may impact disease severity, transmissibility, and treatment and prevention
effectiveness across time and geography.

Data from this surveillance program have local and regional benefits. Locally, this endeavor
supports the Kenya Ministry of Health (MoH) public health surveillance, one of the most
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important functions carried out by the MoH. Through disease surveillance programs, the
MoH can prioritize and implement public health interventions in a timely fashion. This pro-
gram established an influenza surveillance network in Kenya with links between the USAM-
RU-K, Kenya Defence Forces (KDF), Kenya Medical Research Institute (KEMRI), MoH and
WHO. Furthermore, during the period that followed the initiation of surveillance activities,
the KEMRI Influenza laboratory gained the required skills and experience through the above
partnerships to become a national and regional reference laboratory in 2009. This surveillance
system may also provide global benefit through early warning of the circulation of new and
dangerous influenza subtypes and local benefits in the event of influenza epidemics. This sur-
veillance system enhanced pandemic preparedness and reporting capabilities required by the
2005 International Health Regulations (IHR) [8]. At the same time, other sentinel influenza
systems were also put in place by the MoH with technical support from the Centers for Disease
Control and Prevention-Kenya (CDC-K) [9]. These two systems were designed to be comple-
mentary, with the DoD system focused on surveillance at district hospitals (sometimes called
sub-county hospitals after Kenya government devolution in 2010) and CDC-K surveillance on
provincial hospitals (now called county hospitals). The combination of these two systems was
expected to give a robust, geographically-representative assessment of the epidemiology of
respiratory viruses in Kenya, including the burden of disease, risk factors, trends, and circulat-
ing strains.

The influenza surveillance from Kenya’s provincial hospitals between 2007 and 2013 has
been reported previously [9]. Here, utilizing ILI data collected at district hospitals over roughly
the same time period between 2007 and 2013, we complete the picture of influenza virus sur-
veillance in Kenya by estimating the overall prevalence of infection, factors influencing the dis-
tribution of infections, and trends of influenza viruses in the country.

Methods
Study sites and population

The joint USAMRU-K and KEMRI protocol for influenza virus surveillance included eight
surveillance sites (Fig 1). The study population included all ILI participants for whom the sub-
mitted nasopharyngeal specimens met quality control standards in the surveillance program
during the period from January 2007 to December 2013 at these sites. Participants included all
age groups (infants, children, adults, and elderly) where possible, both gender (male and
female) were represented. Surveillance sites were selected accounting for regional population
variation, frequency of international movement through the site, and each regional variation
in respiratory disease incidence and reporting, and the security situation in the region. The
protocol was implemented at several sites including one level five referral hospital (New
Nyanza provincial hospital in Kisumu), six district hospitals (Mbagathi district hospital in Nai-
robi, Malindi district hospital in Kilifi, Port Reitz district hospital in Mombasa, district hospital
in Isiolo, district hospital in Kisii, and district hospital in Kericho), and one sub-county hospi-
tal (Alupe sub-district hospital in Busia).

A study-specific clinical officer was assigned to each surveillance site. Prior to commencing
the study, clinical officers were employed and trained to conduct surveillance for ILI according
to the Walter Reed Army Institute of Research (WRAIR) and the KEMRI Institutional Review
Boards (IRBs) approved ethical principles under protocol numbers WRAIR#1267 and
SSC#981 respectively. Participants with ILI were recruited under the program between January
2007 and December 2013. Participants in the outpatient settings were enrolled if they con-
sented and met the ILI case definition. The informed written consent was obtained from each
participant either in English, Kiswahili, or a local language, and the written consent for minors
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Fig 1. Influenza and other respiratory viruses program surveillance sites.

https://doi.org/10.1371/journal.pone.0237857.9001

was provided by parents or guardians. Participants were recruited during normal working
hours specifically on Mondays, Wednesdays, and Fridays. At each surveillance site, a maxi-
mum of five participants was eligible for recruitment per day. A questionnaire was adminis-
tered to all participants to record information including demographics (age, sex, occupation,
village, workplace, residence, and travel history), signs & symptoms, and animal exposure.

Case definition

The study adopted the WHO case definition for influenza-like illness (ILI) [10]. This was
defined as any individual presenting in outpatient services at the surveillance site with 1) fever
>38°C (oral or equivalent), 2) cough and 3) onset of illness within the previous 10 days.

Specimen processing

The nasopharyngeal specimens were taken using Dacron swabs and placed in 1 ml of Viral
Transport Medium (VTM) in a cryovial and immediately stored a dry shipper under liquid
nitrogen vapors. In cases where liquid nitrogen was not accessible immediately, the specimens
were kept at +4°C and transported to the laboratory within 48 hours, to be frozen at -80°C to
maintain the cold chain for virus integrity. The cryovials containing the specimens were
labeled with unique study numbers using permanent marker pens. The study numbers were
assigned by the clinical officer at each surveillance site, who maintained a log of all patients
and their study numbers. The study number was the only identifier on the questionnaires and
entered in the computerized database established at USAMRU-K. USAMRU-K personnel
oversaw the logistics of sample collection, transportation, and accession to the central KEMRI
Influenza Laboratory in Nairobi.
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Laboratory testing

Detection of influenza viruses in the patient specimens was performed using the quantitative
reverse transcriptase real-time polymerase chain reaction (RT-qPCR) assay. The primer and
probe sequences for influenza viruses were provided by the CDC. Viral RNA was extracted
from patient specimens using the QLAGEN extraction kits following the manufacturer’s proto-
cols (QIAGEN GmbH, Hilden, Germany). One-step RT-PCR was performed using the
Applied Biosystems 7500Fast instrument (Applied Biosystems Inc; Foster City, CA USA). The
initial step for the assay involved a reverse transcription step for 30 minutes at 48°C followed
by transcriptase inactivation for 10 minutes at 95°C. The thermo-cycling conditions com-
prised of 45 cycles of denaturation step for 15 seconds at 95°C, followed by primer annealing
at 50°C and template extension for one minute at 68°C. All runs were performed together with
appropriate controls. The results were interpreted based on cycle threshold (Ct) values in ref-
erence to positive and negative controls. Any influenza A and B with Ct value of <40 were
considered positive and those with Ct value of > 40 were deemed negative. Samples that tested
positive for influenza A were further subtyped for H3N2, HIN1, H5N1, and pandemic HIN1/
pdm 2009 using subtype-specific oligonucleotide primers.

Patient data management

All demographic data from the eight surveillance sites were collected using a standard paper
questionnaire. Questionnaires and samples were assessed for quality by USAMRU-K labora-
tory and data managers. The nasopharyngeal samples which met quality control standards
were entered into the laboratory management logbooks. Data retrieved from questionnaires
were entered into a project-specific Microsoft Access database.

Data analysis

The outcomes of influenza-like illness (ILI) laboratory testing was confirmed for the presence
of influenza virus (positive) or absence of influenza virus (negative). The prevalence was
expressed as the proportion of positive influenza virus in the total ILI tested population, and
the estimate was described by participants’ demographic factors and clinical symptoms. The
target population included all ILI participants in the surveillance program for the period of
2007 to 2013. We used exact 95% confidence intervals (CI) and chi-square test to measure the
differences in demographic variable categories. The log-binomial regression model was per-
formed by bivariate and multivariate to measure the association of predictor variables (demo-
graphic and clinical) and the outcome of interest (presence or absence of influenza viruses)
with a report of prevalence ratios. We adjusted predictor variables in the multivariate model
with a significance level of p<0.05 to account for confounding factors. Two-Way interaction
was assessed by adding a hashtag symbol (#) in the model where necessary. Finally, the model
was selected by the Bayesian Information Criterion (BIC), the lower BIC indicated the best-fit-
ted model. The analysis was performed with STATA ™13 (STATA Corporation, College Sta-
tion, TX, USA). The exponential smoothing with a damping factor of 0.5 was used to visualize
the trends over time.

Ethical consideration

Before commencing study activities, the study was reviewed and approved by the Walter Reed
Army Institute of Research (WRAIR) Institutional Review Board (IRB) and the Kenya Medical
Research Institute (KEMRI) Scientific and Ethics Review Unit (SERU) under protocol num-
bers WRAIR#1267 and KEMRI/SERU SSC#981 respectively.
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Results

Of the eight surveillance sites, 17,446 participants met the enrolment and inclusion criteria.
The proportion of participants testing positive for influenza viruses were (19%, N = 3,230),
and 81% (N = 14,216) were negative for influenza viruses (Table 1). The demographic charac-
teristics of participants indicated both genders were represented with (52%, N = 9,116) male
and (48%, N = 8330) female. A large proportion of participants (55%, N = 9695) were children
below one year old (<lyear). The median age in the study population was of 1 year, ranging
from 2 months to 75 years. The prevalence of influenza viruses was different in the age catego-
ries. Those in the age category of 5 to < 18years had a high prevalence (33%), and as were
those in the 19-49 years category (33%). Other age categories including 2-4 years and <lyear.
These two age categories had a proportion of influenza virus (23%) and (13%) respectively.
Participants aged > 50 years were represented less, although 21% of these had tested positive
for influenza virus. Differences in influenza virus proportions were observed for other demo-
graphic factors, including attend school, sick contacts, occupation, and exposure to animals
(Table 1). Besides, the influenza proportions varied significantly according to geography and
time. There was no substantial difference in the prevalence of influenza viruses for gender cate-
gories or residential areas.

Amongst the ILI participants, clinical symptoms varied. Thus, fever (100%), cough (98%),
and runny nose (88%) were the most prevalent symptoms (Fig 2). Other clinical characteristics
included (53%) nasal stuffiness, (34%) malaise, (32%) vomiting, (26%) fatigue, and (23%) diffi-
culty of breathing. Less than (20%) of participants reported diarrhea, headache, sore throat,
sputum, abdominal pain, retro-orbital pain, joint pain, muscle aches, bleeding, and neurologi-
cal signs.

A crude proportion of clinical symptoms with influenza virus are described in annex table
(S1 Table). Since cough and fever were captured in the case definition, we adjusted other clini-
cal symptoms with age categories. The result indicated, only difficult breathing was positively
associated with influenza virus prevalence. The prevalence of influenza viruses was less likely
in participants without difficulty breathing (PR = 0.68; 95% CI [0.55-0.83], p<0.0001) com-
pared to participants with difficulty breathing.

The overall prevalence of influenza viruses during the study period was 19% (n = 3,230).
Influenza virus type A was the most common accounting for 76% (n = 2,449), and type B had
21% (n = 669) proportion. Coinfection of subtype A and B were identified in 3% (n = 112) par-
ticipants. Of those with type A, 59% (n = 1451) were not subtyped and 41% (n = 998) were sub-
typed. Seasonal A/H3N2 was found in 48% (n = 475), A (HIN1) pdm 2009 in 43% (n = 434),
and seasonal A/ HIN1 in 9% (n = 88), and there was one case with a coinfection of strains (A/
H3N2) and (A/HIN1) pdm 2009.

For each demographic factor, crude and adjusted prevalence ratios (PRs) of influenza
viruses were reported and displayed in Table 2. Both the crude and adjusted models indicated
that age categories had a significant association with influenza virus prevalence. The preva-
lence of influenza was 1.66 times high in 2-4 years old (toddlers) compared to <lyear
(infants). Those of 5 to < 18 years old (children-adolescence) had a higher prevalence of influ-
enza virus 2.2 times more than <lyear (infants). Influenza virus prevalence was also high 1.9
times in 19-49 years old (adult) compared to <lyear (infants). Influenza virus prevalence was
high 1.2 times in other occupations compared to children category. Those who didn’t attend
school had a less prevalence of influenza virus, 0.7 lower than school attended participants.

Influenza viruses were found circulating at all surveillance sites (Table 1). The prevalence of
influenza showed variability over seven years of the surveillance program. There was year-
round influenza viral activity evident in Kenya. We recorded two major spikes in influenza
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Table 1. Demographic characteristics of the study participants by influenza virus status.

Variable/ Infl Positive Influenza Negative Total Population Chi-square”
Outcome n (%) n (%) N (%) P-value
Overall 3230(19%) 14216(81) 17446
Gender 0.792
Male 1681 (18) 7435(82) 9116(52)
Female 1549(19) 6781(81) 8330(48)
Age” <0.0001
<1 year 1296(13) 8399 (87) 9695(55)
2to 4 years 1424(23) 4787 (77) 6211(35)
5 to < 18 years 397(33) 801(67) 1198(6)
19-49 years 110(33) 218(67) 328 (2)
50+ years 3(21) 11(79) 14 (0.08)
Occupation <0.0001
Children 346(33) 709(67) 1055 (6)
Other* 2882(18) 13505(82) 16387(94)
Resid 0.977
Urban 3170(19) 13953(81) 17123 (98)
Rural 60(19) 263 (81) 323 (2)
Sick contact 0.016
Yes 1187(19) 4906(81) 6093(35)
No 2042(18) 9307(82) 11349(65)
Attends school <0.0001
Yes 794 (24) 2464(76) 3258(19)
No 2435 (17) 11745(83) 14180 (81)
Birds exposure* 0.022
Yes 1344(18) 6231(82) 7575(43)
No 1886(19) 7985(81) 9871(57)
Pigs exposure <0.0001
Yes 93 (12) 660(88) 753(4)
No 3137(19) 13556(81) 16693(96)
Cats exposure 0.051
Yes 610(20) 2478(80) 3088(18)
No 2620(18) 11738(82) 14358(82)
Location <0.0001
Alupe 140(7) 1741(93) 1881(11)
Isiolo 259(19) 1085(81) 1344(7)
Kericho 371(19) 1621(81) 1992(11)
Kisii 638(22) 2311(78) 2949(17)
Malindi 249(19) 1077(81) 1326(8)
Mbagathi 547(19) 2262(81) 2809(16)
Nyanza 631(21) 2307(79) 2938(17)
Port Reitz 377(19) 1629(81) 2006(11)
Year <0.0001
2007 812(28) 2113(72) 2925(17)
2008 517(17) 2535(83) 3052(17)
2009 883(23) 2918(77) 3801(22)
2010 352(12) 2690(88) 3042(17)
2011 385(17) 1894(83) 2279(13)
(Continued)
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Table 1. (Continued)

Variable/ Influenza Positive Influenza Negative | Total Population | Chi-square”
Outcome n (%) n (%) N (%) P-value
2012 167(12) 1172(88) 1339(8)

2013 114(11) 894(89) | 1008(6)

Age categories * <1 year (infant), 2 to 4 years (Toddler), 5 to < 18 years (Child to Adolescence), 19-49 years (Adult), and 50+ years (Senior Adult). Birds exposure* any
domesticated bird. Chi-square* P-value indicates the difference in influenza virus proportion in variable categories. * The category of occupation that included several

adult professionals (student, military, other)

https://doi.org/10.1371/journal.pone.0237857.t001

prevalence in May-September, 2007, and September-December 2009 (Fig 3a). Both influenza
subtypes A and B co-circulated throughout the year during the seven-year surveillance pro-
gram. Although some variability existed over the interval, subtype A was generally the most
dominant. Seasonal influenza A/HIN1 was seen before the emerging of Influenza A (HIN1)
pdm 2009 (Fig 3b). Thereafter, influenza A/seasonal H3N2 was noted to co-circulate with A/
2009pandemic HIN1. During the study period, two major influenza outbreaks occurred in
Kenya. The first one was due to influenza B in a school in the western region of Kenya in
2006-2007 followed by the 2009-2010 countrywide outbreak, which was part of the pandemic
caused by the A/HIN1/pdm09 strain.

Discussion

In this report, among the patients with influenza-like illness (ILI) at the eight surveillance sites
in Kenya, 19% were found to have been infected with influenza viruses. The prevalence of
influenza infections was slightly higher than the 15% published in the previous study of ILI in
provincial hospitals in Kenya [9].

Whereas a greater proportion of influenza virus was noted during the initial years of the
surveillance program, i.e. 2007, and in 2009. The proportion of influenza viruses varied over
time and location. Those proportions could be attributed to a greater risk of circulating influ-
enza viruses during those initial years, where there were more compliance and enthusiasm in
the recruitment than in subsequent years. However, the higher proportion could also be due to

Proportion

Fig 2. Clinical characteristics of the study participants with influenza-like illness (ILI). *Missing values >10%.
https://doi.org/10.1371/journal.pone.0237857.g002
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Table 2. Prevalence ratio of influenza viruses in ILI patients, Kenya (2006-2013).

Variable Crude PR* P-Value Adjusted PR* | P-Value
Outcome (95% CI) (95%CI) |

Gender 0.79

Male Ref ‘

Female 1.00(0.947-1.07)

Age <0.0001 l

<1 year Ref Ref

2 to 4 years 1.71(1.60-1.83) <0.0001 1.66(1.55-1.78) \ <0.0001
5to < 18 years 2.47(2.25-2.72) <0.0001 2.23(2.02-2.46) | <0.0001
19-49 years 2.50(2.13-2.94) <0.0001 1.93(1.59-2.36) ‘ <0.0001
50+ years 1.60(0.58-4.37) 0.357 1.28(0.47-3.47) 0.628
Occupation <0.0001 ‘

Children Ref Ref

Other 1.86(1.69-2.04) 1.26(1.12-1.41) \ <0.0001
Sick contact 0.016

Yes Ref | Ref ‘

No 0.92(0.86-0.98) 0.95(0.89-1.02) 0.185
Attends school <0.0001 ‘

Yes Ref Ref |

No 0.70(0.65-0.75) 0.76(0.71-0.82) | <0.0001

Birds exposure 0.022

Yes Ref Ref ‘

No 1.07(1.01-1.14) 1.06(0.99-1.13) 0.066
Pigs exposure <0.0001 ‘

Yes Ref Ref

No 1.52(1.25-1.84) 1.36(1.12-1.64) \ 0.002
Cats exposure 0.049

Yes Ref Ref ‘

No 0.92(0.85-0.99) 0.90(0.83-0.98) 0.023

“PR = Prevalence ratio, CI = Confidence interval Age categories * <1 year (infant), 2 to 4 years (Toddler), 5 to < 18 years (Child to Adolescence), 19-49 years (Adult)
and 50+ years (Senior Adult). Birds exposure' any domesticated bird. Chi-square* P-value indicates the difference in influenza virus proportion in variable categories. *
The category of occupation that included several adult professionals (student, military, other).

https://doi.org/10.1371/journal.pone.0237857.t002

differential recruitment and selection procedures applied during the initial years of the study.
As this surveillance system contributed to the early detection and warning of the A/HIN1/
pdm 2009 occurrence in Kenya, the proportion for that year is believed to be due to an
increased risk of influenza. Influenza A/seasonal H3N2 was generally more prevalent (48%)
throughout the study period. Nevertheless, in the early years of the study period when few
samples were subtyped, the seasonal A/ HIN1 subtype predominated. The emergence of sub-
type A/HIN1/pdm 2009 resulted in complete displacement and replacement of seasonal A/
HIN1 [11]. This is similar to what was observed in other places in the southern hemisphere
during the period of 2009 Influenza pandemic [12]. Similar to other southern hemisphere
countries, the seasonal periodicity of influenza virus infections (April-September) was evident
in years of greater influenza burden than other years.

The prevalence of influenza virus was high (33%) in the children to adolescence age catego-
ries as well as the adult category. Those proportions were similar to the published proportion
of influenza-positive (34%) in the older children group in a study conducted among 15 African
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countries [5, 13]. The results differed slightly in other regions of the world including China,
India, Colombia, and Peru [14-18]. The difference in prevalence could be explained by the dis-
parities in geography, population diversity, diagnostic methods used, and sampling methods
in general. In this study, it was observed that the majority of the study participants were infants
(<1lyear) and toddlers (2 to 4 years). However, a higher prevalence of the influenza virus
occurred in children to adolescence (5 to < 18years) and adults (19-49 years) age categories. It
is known that young children including infants and toddlers suffer a heavy burden of ILI, their
complications, but this age group is more likely to seek medical care than school or work-aged
populations because of the close health attention they receive from the parents/guardians.
Therefore, this age group referred to as < 5-year-olds have been over-represented in this study
and several previous studies [18-20]. In this study, it was notable that influenza viruses were
more prevalent in adult ages. This is not surprising since this age group is recognized to carry
more risk factors and other chronic health problems as well as more frequent interactions.
This predisposes the adult age population to a range of respiratory infections [21, 22] Thus,
due to the predisposing factors, it was possible to capture the adult age population in ILI sur-
veillance programs. Usually, healthy adults with ILI are less likely to seek medical care unless
they get severely ill. The school-aged group is at a higher risk of getting infected with influenza
viruses [23, 24]. This agreed with our study findings which indicated a high prevalence (24%)
of influenza among participants who attended school. In other occupations which included
student, military, and other professions, we found a substantial (33%) influenza virus infec-
tions. These findings are in agreement with what has been reported elsewhere in militaries,
travelers, caregivers, and other people in correctional facilities [25-28].

Many studies have demonstrated interspecies transmission of novel influenza strains in
pigs and birds. However, in this study, we were unable to show any interspecies transmission
between humans and the various animal species including pigs, birds, and cats. In this report,
the prevalence of influenza among those who had household exposure to birds or pigs was
similar to or lower than that of those who were not exposed. While this lack of association
could be due to factors such as socioeconomic or demographical status, it is more likely that
an interspecies transmission is a rare event that is therefore difficult to capture in surveillance
studies with a similar study design as ours.

The descriptions of the epidemiology of the influenza viruses in Kenya in this study com-
plement the results of a similar study performed by the CDC during the same period [13]. Our
surveillance program was able to not only provide useful data about the routine circulation of
influenza viruses but also contributed to responding to influenza outbreaks that occurred in
Kenya and the East African region during this period. During the influenza pandemic out-
break in 2009, this surveillance program acted as the de facto testing mechanism for Kenya as
well as the Republics of Seychelles and Somalia [27]. By leveraging the capacity built-in support
of human influenza sentinel surveillance, our program supported the rapid diagnosis and
response to the A/HIN1/pdm 2009 influenza pandemic within the region. This is consistent
with its objectives and demonstrates the value of these surveillance efforts to public health in
Kenya, and globally as well as for both the Kenya Defense Force and the United States military.

Our study may have suffered from several shortfalls. These comprise selection bias in
including a high proportion of ILI among children under 5 years old (infants and toddlers),
which results in a lower prevalence of infection and limited ability to detect associations in
older age groups including senior adult (>50 years). In addition, the study was based on health
care facilities at the district level. Due to this higher level of healthcare stratum, it may have
included patients who were sicker than the average patient with ILI, resulting in an overesti-
mation of the influenza virus prevalence. Although the sites were selected to provide a thor-
ough representation of the different geography, ecology, and populations of Kenya, there may
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be other areas for which these estimates may not be generalizable such as borders, refugee set-
tings, or areas that could not be accessed due to security reasons. Such populations may be at
higher risk for both high transmissions of seasonal and emerging influenza strains. Finally,
errors in misclassification may have led to an underreporting of the prevalence of influenza
infection.

Nevertheless, the strengths of this study are considerable, including the large sample size,
broad geographic sampling high-quality sample collection, and processing, well-trained per-
sonnel, state-of-the-art equipment and laboratories, and a pre-defined study protocol with
comprehensive regulatory support.

Conclusion

Influenza viruses occur commonly among patients with ILI in Kenya and are prevalent in
older children and adult populations. Both occupational and school-based settings showed a
higher prevalence of influenza viruses. Influenza viruses circulated year-round in Kenya with-
out regular seasonal patterns.

Supporting information

S1 Table. The crude proportion of influenza virus status by clinical characteristics.
(TIF)
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Abstract

Background

Viruses are responsible for a large proportion of acute respiratory tract infections (ARTIs).
Human influenza, parainfluenza, respiratory-syncytial-virus, and adenoviruses are among
the leading cause of ARTIs. Epidemiological evidence of those respiratory viruses is limited
in the East Africa Community (EAC) region. This review sought to identify the prevalence of
respiratory syncytial virus, parainfluenza, and adenoviruses among cases of ARTI in the
EAC from 2007 to 2020.

Methods

A literature search was conducted in Medline, Global Index Medicus, and the grey literature
from public health institutions and programs in the EAC. Two independent reviewers per-
formed data extraction. We used a random effects model to pool the prevalence estimate
across studies. We assessed heterogeneity with the 12 statistic, and Cochran’s Q test, and
further we did subgroup analysis. This review was registered with PROSPERO under regis-
tration number CRD42018110186.

Results

Atotal of 12 studies met the eligibility criteria for the studies documented from 2007 to 2020.
The overall pooled prevalence of adenoviruses was 13% (95% confidence interval [Cl]:
6-21, N = 28829), respiratory syncytial virus 11% (95% CI: 7-15, N = 22627), and parainflu-
enza was 9% (95% CI: 7-11, N = 28363). Pooled prevalence of reported ARTls, all ages,
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and locality varied in the included studies. Studies among participants with severe acute
respiratory disease had a higher pooled prevalence of all the three viruses. Considerable
heterogeneity was noted overall and in subgroup analysis.

Conclusion

Our findings indicate that human adenoviruses, respiratory syncytial virus and parainfluenza
virus are prevalent in Kenya, Tanzania, and Uganda. These three respiratory viruses con-
tribute substantially to ARTIs in the EAC, particularly among those with severe disease and
those aged five and above.

Introduction

Acute respiratory tract infections (ARTIs) are among the five most common causes of morbid-
ity and mortality globally, accounting for approximately 3.9 million deaths annually. Most of
these deaths occur among young children in developing countries [1]. Viruses are responsible
for a large proportion of ARTIs and these are associated with various syndromes of the upper
and lower respiratory tract, including: acute otitis media, croup, pneumonia, bronchiolitis,
and asthma [2, 3]. Additionally, co-infections of viruses and bacteria are commonly reported
in severe cases of ARTISs [4, 5]. Although viral aetiologies are associated with a large percentage
of acute respiratory tract infections, it is difficult to link specific viral agents to a specific syn-
drome. This is due to the complexity and broad spectrum of illnesses caused by these patho-
gens. Furthermore, the emergence of new viral strains and cost of diagnosis contribute to the
inability to detect viral agents in order to associate these pathogens with a specific syndrome.
However, influenza viruses, one of the major causative agents of acute respiratory tract infec-
tions, have been extensively studied with an established global surveillance program. This pro-
gram was set up to assess the threat of the emergence of strains which could cause pandemic
disease [6].

Globally, non-influenza respiratory viruses have received less attention respiratory virus
surveillance programs, hence few studies are available in the published literature [7]. Neverthe-
less, a few previous studies have indicated the risk of non-influenza viruses to public health,
and that some viral families have the potential to cause epidemics [8]. The non-influenza respi-
ratory viruses most commonly associated with ARTIs include human respiratory syncytial
viruses (HRSV), parainfluenza viruses (HPIVs), and adenoviruses (HAdV), among others [9].
The consequences of these respiratory viruses result in an enormous direct and indirect eco-
nomic burden on public health. In the United States alone, the estimated annual economic
burden of non-influenza viral respiratory tract infections is equivalent to $40 billion [10].
Interestingly, a global incidence of at least 33.1 million has been associated with HRSV in
young children under five [11]. The same study indicated a mortality range of 48,000-74,500
for children younger than 5 years and estimated that 99% of these deaths occurred in develop-
ing countries [11].

In Sub-Saharan Africa, recent annual incidence data of community-acquired pneumonia is
estimated to be 131 million, with significant proportion of these aetiologies due to viruses [12].
A study conducted in Senegal reported that a range of respiratory viruses cause influenza-like
illness (ILI) with substantial proportions due to influenza viruses (53.1%; 1045/1967), rhinovi-
ruses (30%; 591/1967), enteroviruses (18.5%; 364/1967), and HRSV (13.5%; 266/1967) in
children under five years old [13]. A review of the aetiology of ARTIs in children <5 years in
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Sub-Saharan Africa showed that HRSVs, HPIVs, and HAdV were among the leading causes of
ARTISs [14]. Moreover, in 2018 a systematic review and meta-analysis of HRSV prevalence in
Africa reported an overall HRSV prevalence of 14%, thus indicating that this pathogen con-
tributes significantly to severe respiratory illness on the continent [15].

The World Health Organization Regional Office for Africa (WHO-AFRO) 2012 country
profiles indicated that acute lower respiratory infections (ALRTIs) were amongst the top three
causes of death in the East African Community (EAC). In EAC partner states, the proportion-
ate mortality from lower respiratory tract infections (LRTIs) was: Tanzania (8.7%), Kenya
(12.3%), Uganda (9.6%), South Sudan (12%), Rwanda (10%) and Burundi (12.5%). Amongst
these EAC states, Kenya, Tanzania, Uganda, and Rwanda have established surveillance pro-
grams for influenza and other respiratory viruses which are recognized by the WHO [16]. The
EAC has a large population with approximately 161 million inhabitants [17] who are highly
mobile and integrated, with a common regional market, tourism, and social and cultural
exchange. These factors increase the risk of infectious disease transmission and spread in the
EAC, as has been described elsewhere [18]. Several other studies have demonstrated various
viral aetiologies as causes of ARTIs in the EAC [19, 20]. In Kenya, a study conducted at the
Kilifi district hospital reported a high prevalence (34%) of HRSV infections in young children
which was associated with severe pneumonia [21]. Human parainfluenza, adenoviruses, and
other respiratory viruses were also reported [21]. The use of molecular techniques have also
enhanced the detection and identification of other non-influenza respiratory viruses in coun-
tries with no consistent respiratory disease surveillance programs [22].

A large number of programs for surveillance of influenza-like illness (ILI) and severe acute
respiratory illness (SARI) were established in order to strengthen health security after the
establishment of the 2005 International Health Regulations. However, such programs have pri-
marily estimated the occurrence of influenza viruses and have either not assessed or not
reported other (non-influenza) viruses [23]. This leaves an inconsistent assessment of the epi-
demiology of non-influenza viruses in the EAC region. This review addresses some of this gap
by providing a systematic review of the published and unpublished literature of pooled preva-
lence of HRSV, HPIV, and HAdV among symptomatic patients in EAC partner states over the
period between 2007 and 2020. These three viruses were the most frequent non-influenza
respiratory viruses detected in the surveillance programs; the prevalence of other non-influ-
enza viruses was rarely reported, precluding formal systematic review.

Methods

Eligibility criteria

This review considered studies that reported laboratory-confirmed infections caused by
HRSV, HPIV, and HAAV in all age groups. These three respiratory viruses are among those
frequently reported to cause respiratory tract infections other than influenza. In addition, the
review included a broad range of study participants, including those with acute respiratory
tract infections (ARTTIs), influenza-like illnesses (ILIs), severe acute respiratory illnesses
(SARISs), and other syndromes including pneumonia. Studies reporting asymptomatic infec-
tions were excluded in this review.

The review considered observational studies, including prospective and retrospective cross-
sectional and cohort studies that were either descriptive, analytical, or both. Case series, indi-
vidual case reports, letters to editors, reviews, commentaries, and qualitative studies were
excluded. Only studies published in English, including those from unpublished reports from
the grey literature, were included. Published studies and unpublished reports documented in
the period between 1 January 2007 and 31% December 2020 were included.
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Search strategy

An initial unlimited search was conducted in Medline that allowed more refined search strate-
gies tailored for Global Index Medicus. The initial search was performed by verification of the
text words contained in the title and abstract of the index terms, which were used to describe
the articles using keywords and Medical Subject Heading (MeSH) terminologies (S1 File).
This informed the development of a search strategy that was used for each information source.
In addition, reference lists of all studies selected for inclusion were screened for additional rele-
vant publications. The search was first completed in 2019 then updated using the same meth-
odology in 2021.

To obtain information from the grey literature, inquiries regarding these viruses were made
directly to the ministries of health. We also searched the databases of government medical
research institutions, teaching hospitals, and university libraries in EAC partner states. Elec-
tronic database search or author correspondence was performed with the Kenya Medical
Research Institute (KEMRI) and Kenyatta National Hospital (KNH) for Kenya; National Insti-
tute for Medical Research (NIMR) for Tanzania; Uganda Virus Research Institute (UVRI) and
Makerere University (MAK), and Mulago Hospital (MUH) for Uganda; Institut National de
Sante Public (INSP) for Burundi; and Rwanda Biomedical Center (RBC) for Rwanda. In addi-
tion, other non-government public health research programs in the East African Community
were contacted.

All identified citations were collated and uploaded into Zotero software, version 5.0, (Cor-
poration for Digital Scholarship, Vienna, VA) and duplicates were removed. Titles and
abstracts were re-screened against the eligibility criteria, and studies that met the eligibility cri-
teria were retrieved in full and their details imported into JBI SUMARI (Joanna Briggs Insti-
tute, Adelaide, Australia). The full texts of selected studies were assessed in detail against the
eligibility criteria by two parallel reviewers, and any disagreements were resolved by a third
investigator.

Data extraction and management

Prior to data extraction, all selected studies were critically appraised for methodological qual-
ity. This was accomplished with a standardized critical appraisal instrument from the Joanna
Briggs Institute by two independent reviewers. This review followed the guideline of system-

atic reviews of prevalence and incidence manual with the use of JBI SUMARI software avail-

able at //www.jbisumari.org.

All data extracted from the selected studies were included in the review using a standard-
ized data extraction tool in JBI SUMARI software. Extracted data consisted of: name of the pri-
mary author, year of publication, locality, age categories of participants, clinical characteristics,
study design, length of the study period, specimen type, laboratory test type, number of cases,
and total population. Age categories were reported as under five years only, five and above
only, or all ages. Clinical conditions or syndromes were recorded as influenza-like illness (ILI)
only, severe acute respiratory illness (SARI) only, or acute respiratory tract infections (ARTIs)
for studies which investigated both ILI and SARI. Pneumonia was categorized as a severe acute
respiratory illness (SARI). Study durations were classified as five months or less, six to twelve
months, and more than twelve months.

Risk of bias assessment

The risk of bias was assessed in the selected studies through the use of an eight variable rating
scale [24-27]. Each was given a score for how well-defined and clearly reported the variable
was. The variables included: i) length of a study period which was at least three months to
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permit laboratory processing of samples and analysis, ii) year of documentation or publication,
iii) study area (country or study locality), iv) age group description, v) clinical condition or
syndrome using a standard case definition, vi) standardized type of specimen collection, vii)
laboratory methodology and viii) type of study design. Each variable received a score of one
for a clear and defined record and zero for missing or unclear documentation. Thus, the scores
could range from 0 to 8. We categorized scores of 0 to 2 as high risk for bias, 3 to 5 as medium
risk, and 6 to 8 as low risk.

Data synthesis and analysis

Data were analysed using Stata" 13 (StataCorp, College Station, TX). The dataset was re-orga-
nized and coded for analysis, and further meta-analysis was performed using the “metaprop”
package in STATA program [28]. Initially, unadjusted prevalence of HRSV, HPIV and HAdV
infections were calculated based on the crude numerators and denominators found among the
individual studies.

To ensure that studies with very small or large prevalence were kept in the overall estimates,
the Freeman-Tukey double-arcsine transformation technique was performed using the meta-
prop command [29]. This procedure stabilized the variance of study-specific prevalence before
applying a random-effects model (RE) to assess heterogeneity and generate a pooled preva-
lence estimate. The random-effects model allowed the effect to vary across studies, providing
more conservative estimates with wider confidence intervals given the observed heterogeneity
between studies [30]. It was implemented using the method of DerSimonian and Laird [31],
whereas 95% confidence intervals (CIs) were drawn from exact binomial distribution (Clop-
per-Pearson) [32]. The I” statistic, Cochran’s Q test, and subgroup analysis were used to assess
heterogeneity [33]. The statistical values of I* expressed the variation of in-between studies dif-
ferences as a percentage, simplifying the interpretation with the “rule of thumb” [33, 34]. Gen-
erally, a substantial heterogeneity was indicated by the values of I* >50%, whereas a tentative
categories of minimal (I’< = 25%), low (I? = 25-4950%), moderate (I* = 50-75%), and high
(1> = 75%)[33, 35]. A funnel plot was generated and an egger test was performed with a meta-
bias command to evaluate for publication bias [36]. The Egger test of P<0.10 indicated a sig-
nificant publication bias [37-39].

Prevalence of infection was described by country, age group, and clinical conditions. In
addition, pie charts were used to display the prevalence of HRSV, HPIV and HAdV infections
in the region with quantum geographical information system (qGIS). Subgroup analyses were
performed on variables of public health importance including: clinical condition (ILI, SARI,
or ARTIs), age groups (below five, five and above, or all ages), and locality (Kenya, Tanzania,
or Uganda). We followed guidelines for systematic reviews of prevalence and incidence from
the Joanna Briggs Institute to accomplish this review. In addition, the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guided the report writing (S2
File). This review was registered in the International Prospective Register of Systematic
Reviews (PROSPERO) under registration number CRD42018110186.

Results
Review records

In this review, we found 1005 records in published databases and 5 reports from unpublished
sources. After filtering based on the defined study period (2007-2020), 995 (990 published and
5 unpublished) studies were retained. A total of 299 (294 published and 5 unpublished) were
retained after removing 188 duplicates. After screening using the abstract and title, we
excluded 508 which did not meet eligibility criteria. The remaining 26 studies were assessed
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Records identified through published
database searching (n =1005)

Additional  records  identified  through
unpublished sources (n=5)

Records removed by study period filter
(n=15)

Records retained after filtering studies by
study period (n=993)

l

‘ Records retained after removing duplicates

and sereened for Title/ abstract (n =299)

Records excluded after screening for
abstract and title (n =508)

r
Records retained for full article assessment for
eligibility (n=26)

Full-text articles excluded for
the following reasons:

® 9 studies did not report
outcome of interest
I e 3 studies with no
appropriate study
design
s 2didn’t clearly define
clinical conditions

Studies included in quantitative synthesis
(meta-analysis) (n=12)

Fig 1. Review records.

https://doi.org/10.1371/journal.pone.0249992.g001

for full article eligibility, and 14 were excluded for different reasons shown (Fig 1). Twelve (12)
studies met eligibility criteria and were therefore included in the study with further meta-
analysis.

Characteristics of selected studies

In this review, qualified studies were documented from 2009 to 2018 (S3 File). A large number
of studies on the selected viruses were conducted in Kenya (Table 1). These comprised studies
of HRSV (n = 8, 80%), HPIV (n = 6, 75%) and HAdV (n =7, 77.7%) (84 File). Tanzania and
Uganda had one study each which reported results for all three of the viruses under investiga-
tion, There were no available studies from Rwanda, Burundi, and South Sudan that assessed
any of the three viruses during the period under review. Most studies reported for the three
countries were cross-sectional. Furthermore, the majority of studies (n = 6) were of acute
respiratory tract infections (ARTTs) involving both ILI and SARI. A few studies (n = 4)
reported ILI only, and 2 were SARI only. Five studies reported having enrolled individuals of
all ages, while four studies recruited participants aged under five years only, and one study
exclusively enrolled participants aged five years and older. The majority (n = 7) of studies were
conducted over a period of >12 months, two were <5 months, and one was 6-12 months.
Polymerase chain reaction (PCR) was the most common diagnostic test, and most studies col-
lected and analysed both oropharyngeal swabs (OPS) and nasopharyngeal swabs (NPS) speci-
mens. In general, the studies had a low risk of bias.
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Table 1. Study characteristics.

Outcomes HRSV HPIV HAdV

Study | Number (n) Proportion (%) Number (n) Proportion (%) Number (n) | Proportion (%)
Locality

Kenya [ 8 80 75 7] 77.7
Tanzania ' 1 10 125 1 1.1
Uganda [ 1 10 12,5 1] 11.1
Clinical Condition

ILI [ 2 20 25 2] 22
SARI | 2 20 62.5 2 22.2
ARTIs* | 6 60 125 5| 55.5
Population

Under Bive | 3 30 125 2| 222
Five and above 1 10 12.5 1 11.1
All ages** | 5 50 50 5] 55.5
Study design

Cross-sectional | 7 70 75 7 | 77.7
Cohort | 2 20 125 1 111
Study Period

Short-term (< months) 2 20 25 2 222
Medium-term (6-12 months) | 1 10 11255 1 11.1
Long-term (>12 months) 5 50 37.5 4 44.4
Lab Test

Virus isolation | 1 10 25 2 22.2
PCR | 9 90 75 7| 77.7
Specimens

oPs [ 1 10 125 1] 111
NPS ' 2 20 375 3 333
OPS and NPS | 7 70 50 5 | 55.5
Risk of Bias

Low risk [ 9 90 87.5 8| 38.8
Moderate risk 1 10 12.5 1 11.1

“ARTIs studies of both ILI and SARI.

“*All ages included uncategorized age groups.

OPS = oropharyngeal swabs, NPS = nasopharyngeal swabs, PCR = polymerase chain reaction, ARTI = acute respiratory tract infection, ILI = influenza-like illness,

SARI = severe acute respiratory illness, HRSV = human respiratory syncytial virus, HPIV = human parainfluenza virus, and HAdV = human adenovirus.

https://doi.org/10.1371/journal.pone.0249992.t001

Prevalence of human respiratory syncytial virus, parainfluenza and
adenoviruses
The overall pooled prevalence of HRSV was 11% (95% CI: 7-15) reported from 10 studies with
a total population of 22,627 participants (Fig 2).
The estimated overall pooled prevalence of 9% (95% CI: 7-11) HPIV was estimated from 8

studies with 28,363 participants (Fig 3).

HAGJV overall pooled prevalence was 13% (95% CI: 6-21) recorded in 9 studies with 28,829
participants (Fig 4).
Substantial heterogeneity in the pooled prevalence of the three viruses was seen in the

included studies, according to severity of illness, age group, and locality. Prevalence of the
three viruses differed in the three countries (Fig 5).
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Fig 2. Pooled prevalence of HRSV in ARTISs, ILI, and SARI.

hitps://doi.org/10.1371/journal.pone.0249992.g002

A pooled prevalence of 10% (6-15; 95% CI) was found for HRSV, 9% (7-11; 95% CI) for
HPIV, and 12% (3-27; 95% CI) for HAdV when restricting the analysis to the studies that
investigated ARTIs. Prevalence estimates from ILI studies only found HRSV, HPIV and
HAJV prevalences of 5% (95% CI: 4-7, 5% (95% CI: 5-6), and 3% (95% CI: 3-3.5) respec-
tively. In contrast, estimates from SARI studies only were higher for all three viral pathogens at
22% (95% CI: 20-23) for HRSV, 16% (95% CI: 12-21) for HPIV and 18% (95% CI: 16-19) for
HAdV.

Studies which considered participants of all ages had an estimated prevalence of 9% (95%
CI: 5-14), 9% (95% CI: 6-12) and 12% (95% CI: 4-24) for HRSV, HPIV, and HAdV, respec-
tively. Prevalences of 10% (95% CI: 2-24) for HRSV, 6% (95% CI: 4-9) for HPIV, and 15%
(95% CI: 13-16) for HAdV were reported in studies that enrolled participants who were under
five years of age. In the studies that involved individuals five years and above, HSRV preva-
lence was similar at 10% (95% CI: 6-15), whereas the prevalence of HPIV and HAdV was
much higher at 14% (95% CI: 9-21) and 30% (95% CI: 23-37) respectively.
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Fig 3. Pooled prevalence of HPIV in ARTISs, ILI, and SARI.
https://doi.org/10.1371/journal.pone.0249992.g003

For studies carried out in Kenya, prevalences of HRSV, HPIV and HAdV were 10% (95%
CI: 6-15), 9% (95% CI: 7-11) and 14% (95% CI: 7-25) respectively. In Tanzania, estimated
prevalence of HAdV and HPIV were similar at 9% (95% CI: 6-12) and 10% (95% CI: 7-14),
whereas HRSV prevalence was higher at 29% (95% CI: 24-35). In the studies conducted in
Uganda, the corresponding prevalences of HRSV, HPIV, and HAdV were lower at 3% (95%
CI: 2-6), 6% (95% CI: 4-9), and 8% (95% CI: 5-12).

There was no publication bias suggested by the funnel plot and or the Egger’s test (Table 2).
Whereas considerable heterogeneity was noted overall and in subgroup analysis, no publica-
tion bias was recorded in analysis of subgroups with enough studies to assess (ARTIs, All ages,
and Kenya). A similar prevalence to the overall prevalence was documented when restricting
the analysis to studies of ARTT: 12% (95% CI: 3-27) for HAdV, 10% (95% CI: 6-15) for HRSV,
and 9% (95% CI: 7-11) for HPIV. In addition, studies that involved participants of all ages had
a pooled prevalence of 12% (95% CI: 4-24) for HAdV, 9% (95% CI: 5-14) for HRSV, and 9%
(95% CI: 6-12) for HPIV. Studies performed in Kenya reported prevalence of 14% (95% CI:
7-25), 10% (95% CI: 6-15), and 9% (95% CI: 7-11) for HAdV, HRSV, and HPIV respectively.
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Fig 4. Pooled prevalence of human adenoviruses in ARTIs, ILI, and SARI.
https://doi.org/10.1371/journal.pone.0249992.9004

Discussion

Most of the EAC partner states have, in collaboration with WHO, established programs for
surveillance for ILI and/or SARI in order to strengthen global health security under the 2005
IHR. Kenya was the first country to initiate an influenza surveillance program in 2006, fol-
lowed by Uganda (2007), Rwanda (2008), and Tanzania (2009) [40, 41]. There is no known
surveillance program in South Sudan or Burundi [16]. In this systematic review and meta-
analysis, only data from Kenya, Tanzania, and Uganda were available.

The overall pooled prevalence of HRSV was 11%, 9% for HPIV and 13% for HAdV, but
there was substantial heterogeneity by severity of illness, age group, and location. Overall,
most (80%) of the reported studies were done in Kenya. Most studies were assessed as low risk
for bias, and no publication bias was evident.

In this meta-analysis, the overall prevalence of HAdV was 13%. This prevalence is slightly
higher than the 9.8% reported in individual studies in the Eastern Mediterranean region [42].
A study conducted in 2017 by Niang et al. [13] in Senegal reported 30.8% of HAdV prevalence
in people with ILL This is much higher than the 3% recorded in this review among cases of
ILL In contrast, we obtained a pooled prevalence of 30% of HAAV in individuals of five years
and above. This figure is higher than the 15% reported by Holly et al. [43] in 2018 among
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Fig 5. Distribution of HRSV, HPIV and HAdV in three EAC states between 2007 and 2020.
https://doi.org/10.1371/journal.pone.0249992.9005

college students in the United States. Moreover, our study found that those under five years
had a 15% HAdV prevalence, whereas a study conducted in India among children with SARI
found a HAdV prevalence of 8.8% [44]. The differences in prevalence seen between studies is
likely attributable in large part to the heterogeneity in the study populations according to
severity, age, and location. The variation in prevalence may also be due to of the small number
of studies included in this systematic review, the methodology of sampling, or the different
diagnostic tests used in the various studies.

In this systematic review, the pooled prevalence of HRSV was 11%, which is similar to a
previous estimate of 14.6% among people with ARTIs in Africa [15]. In a 2015 review, the
pooled HRSV prevalence among patients with ARTI in China was estimated at 18.7% [45],
which was higher than that reported in our meta-analysis. In the same review, the prevalence
of HRSV was 22% among SARI patients, which was the same as our results in that population
[45]. However, while the study from China demonstrated a higher prevalence among infants
(26.5%), our data found the same HRSV prevalence among those under five and those five-
years and above (10%).

The overall prevalence of HPIV in this review was 9%. Previous studies have reported gen-
erally similar prevalence estimates of HPIV. In Cameroon, HPIV prevalence of 7.5% was
reported in 2012 among ILI patients [46], which was slightly higher than the 5% prevalence
found among ILI patients in this review. A slightly lower HPIV prevalence estimate of 3.2%
has been reported in Latin America [47]. Our analysis found an HPIV prevalence of 16%
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Table 2. Summary statistics of selected respiratory viruses’ prevalence.

Outcome HRSV

Groups Studies (n) = Cases (n) |Pop (N) | Crude Prev. (95%CI) Pooled Prev. (95%CI) | I1? (%) | P-value (Egger) | P-value (hetero-geneity)

Overall 10 2358 22627 10 (10-11) 11 (7-15) 98.87 0.618 <0.0001

Syndromes

ARTIs 6 1685 18619 9 (8-9) 10 (6-15) 98.8 0.654 <0.0001

ILI 2 69 1230 5(4-7) 5(4-7)

SARI 2 604 2778 22 (20-23) 22 (20-23)

Age

All age 5 1641 18456 9 (8-9) 9 (5-14) 98.94 0.914 <0.0001

Under Five 3 626 3746 16 (15-18) 10 (2-24)

Five and above 1 16 168 9 (5-15) 10 (6-15) - - -

Locality

Kenya 8 2271 22001 10 (10-11) 10 (6-15) 99 0.763 <0.0001

Tanzania 1 75 257 29 (23-35) 29 (24-35) = - =

Uganda 1 12 369 3(1-5) 3(2-6) = = -
HPIV

Overall 8 1905 28363 7 (6-7) 9 (7-11) 95.4 0.179 <0.0001

Syndromes

ARTIs 5 1037 12723 8 (7-8) 9(7-11) | 90.7 0.681 <0.0001

ILI 2 823 15359 5 5 (5-6)

SARI 1 45 281 16 (12-20) 16 (12-21) - - .

Age

All age 4 1029 12561 8 (8-9) 9 (6-12) 94.3 0.706 <0.0001

Under five 1 25 388 6 (4-9) 6 (4-9) - - -

Five and above 1 24 167 14 (9-21) 14 (9-21) - - -

Locality

Kenya 6 1857 27737 6 (6-7) 9 (7-11) 96.6 0.205 <0.0001

Tanzania 1 26 257 10 (7-14) 10 (7-14) . . -

Uganda 1 22 369 6 (4-9 6 (4-9) - - -
HAdV

Overall 9 2537 28829 9 (8-9) 13 (6-21) 99.66 0.337 <0.0001

Syndromes

ARTIs 5 1614 12723 13 (12-13) 12 (3-27) 99.68 0.994 <0.0001

ILI 2 417 13328 3 3(3-35)

SARI 2 506 2778 18 (17-20) 18 (16-19)

Age

All age D) 2039 25520 8 (7-8) 12 (4-24) 99.8 0.516 <0.0001

Under Five 2 427 2885 15 (13-16) 15 (13-16)

Five and above 1 50 167 30 (23-37) 30 (23-37) - - =

Locality

Kenya 7 2484 28203 9 (8-9) 14 (7-25) 99.74 0.307 <0.0001

Tanzania 1 21 257 8 (5-12) 8 (5-12) - - -

Uganda 1 32 369 9 (6-12) 9 (6-12) - - -

N: population, prev.: prevalence, CI: confidence interval, I* (index value): the variation in effect sizes attributable to heterogeneity, P: probability value, ARTI = acute

respiratory tract infection, ILI = influenza-like illness, SARI = severe acute respiratory illness, HRSV = human respiratory syncytial virus, HPIV = human parainfluenza

virus, and HAdV = human adenovirus.

https://doi.org/10.1371/journal.pone.0249992.t002

PLOS ONE | https://doi.org/10.1371/journal.pone.0249992  April 27, 2021

12/17

Page | 199



PLOS ONE Prevalence of selected respiratory viruses

among patients with SARI, which was higher than that reported among similar patients in
China (4.8%) [48]. The higher prevalence of HPIV we found among patients aged five years
and above supports previous findings of higher HPIV prevalence among older age groups
[49-52].

This systematic review is subject to several limitations. The systematic searches performed
in this review were limited to the most accessible and widely used databases of medical litera-
ture, including Medline and Global Index Medicus. In addition, the search was complemented
with unpublished literature from major public health institutions and research programs in
the EAC. We identified several significant sources of heterogeneity in the estimates of pooled
prevalence of HRSV, HPIV, and HAdV, including disease severity, age group, and location.
Heterogeneity may also be influenced by other factors, including measured factors such as the
length of the study period, study design, and laboratory technique. For example, while most
studies used highly sensitive and specific diagnostic PCR tests to detect these viruses, studies
which used less sensitive diagnostic methods likely underestimated prevalence. Heterogeneity
may also have been influenced by unmeasured factors. Selection of participants may also have
been different among the studies, likely resulting in higher prevalence among studies in which
patients with more severe illness were enrolled, such as SARI as compared to ILI patients.
Additionally, the sample size of studies eligible for inclusion in this analysis was small, limiting
the power to detect differences, particularly in subgroup analysis. For example, not all coun-
tries of the EAC were represented, and Tanzania and Uganda only had one study each. The
small sample size may be due to various factors including limited funding, government policy
and priorities, the challenges of information sharing, lack of documentation, inaccessibility of
databases, and difficulties with publication of data. Further, the presence of extreme values of
prevalence introduced computational complexity which limited our ability to report confi-
dence intervals for the I” values.

Finally, this review only included studies in which patients were selected based on defined
medical conditions such as ILI and SARI or ARTIs in general. Studies that included asymp-
tomatic participants were excluded. Asymptomatic patients would likely have had lower preva-
lence of these viruses than the symptomatic populations used in our study. Therefore the
results of this review cannot be generalized to the general population. The exclusion of asymp-
tomatic cases was considered necessary to avoid overdiagnosis of patients who were colonized
or carriers of viruses which may not have ever caused disease.

Despite these limitations of the study, this study had several strengths. We have docu-
mented the first systematic review and use of meta-analysis to estimate the pooled prevalence
of selected non-influenza viruses in the EAC. This systematic review and meta-analysis simul-
taneously reported HRSV, HPIV, and HAdV prevalence with a pre-defined protocol, used
robust search strategies, and involved two independent investigators. Selected studies were all
assessed for well-defined study characteristics to assess study heterogeneity and bias. There
was no significant publication bias detected, and most of the included studies had a low risk of
study bias. Sensitivity analysis yielded similar results to crude estimates, further supporting the
robustness of this systematic review and meta-analysis.

Conclusions and recommendations

Respiratory illness surveillance programs in the EAC have enhanced the detection of both
influenza and non-influenza viruses for over a decade. However, there are no platforms for
systematic information sharing in the region. It is vital to establish national and regional infor-
mation-sharing platforms for non-influenza respiratory viruses to guide future research, pol-
icy, and development. Our findings indicate that human adenoviruses are the most common

PLOS ONE | https://doi.org/10.1371/journal.pone.0249992  April 27, 2021 13/17

Page | 200



PLOS ONE Prevalence of selected respiratory viruses

sources of ILI and SARI other than influenza infection, followed by the human respiratory syn-
cytial virus and parainfluenza virus. Future studies or research could identify the prevalence of
HRSV, HPIV, and HAdV using standardized methods and populations to increase compara-
bility among studies and to account for sources of misclassification and heterogeneity. Addi-
tional studies should be considered among older populations, among populations from EAC
countries from which no data were found, and asymptomatic populations. In addition, the lit-
erature search could include additional databases used in biomedical research. Finally, other
emerging respiratory pathogens could be studied and further molecular characterization could
be carried out to assess transmission.
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Abstract: Background Human respiratory syncytial viruses (HRSV), human parainfluenza viruses
(HPIV), and human Adenoviruses (HAdV) cause a substantial morbidity burden
globally. Objective The study sought to estimate morbidity burden, assess seasonality,
and determine factors associated with these respiratory viruses among the Kenyan
population. Methods The data was obtained from Kenyan sites located in the present
Kdéppen-Geiger climate classification system. By descriptive analysis, we defined
proportion of morbidity burden, visualized time-series data from January 2007-
December 2013. Logistic regression was used to identify the factors associated with
infection outcome. Results The morbidity burden for HRSV was 3.1%, HPIV 5.3%, and
HAdV 3.3%. Infants were more likely to be infected with these viruses compared to
other age groups. HRSV exhibited seasonality with high occurrence in January-March
(Odds Ratio [OR] =2.73) and April-June (OR=3.01). Hot land surface temperature
(240°C) was also associated with HRSV infections (OR=2.75), as was warmer air
temperature (19-22.9°C) (OR=1.68) compared to cooler air temperature (<19°C).
Moderate rainfall (150-200mm) areas had greater odds of HSRV infection (OR=1.32)
than low rainfall (<150mm). Conclusion HRSV, HPIV, and HAdVs contributed to
morbidity burden, and infants were significantly affected. HRSV had a clear seasonal
pattern and were associated with climate parameters, contrary to HPIV and HAdVs.
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Abstract

Background: Human respiratory syncytial virus (HRSV), human parainfluenza virus (HPIV), and
human adenovirus (HAdV) epidemics differ in geographical location, time, and virus type.
Regions prone to infections can be identified using geographic information systems (GIS) and
available methods for detecting spatial and time clusters. We sought to find statistically significant

spatial and time clusters of HRSV, HPIV, and HAdV cases in different parts of Kenya.

Methods: To analyze retrospective data, we used a geographical information system (GIS) and
the spatial scan statistic. The information was gathered from surveillance sites and aggregated at
the county level in order to identify purely spatial and Spatio-temporal clusters. To detect the
presence of spatial autocorrelation, the local Moran's I test was used. To detect the spatial clusters
of HRSV, HPIV, and HAdV cases, we performed the purely spatial scan statistic. Furthermore,
space-time clusters were identified using space-time scan statistics. Both spatial and space-time

analyses were based on the discrete Poisson model with a statistical significance of p<0.005

Results: The findings showed that HRSV, HPIV, and HAdV cases had significant autocorrelation
within the study areas. Furthermore, in the Western region of the country, the three respiratory
viruses had local clusters with significant positive autocorrelation (p<0.05). Statistically, the
Western region had the significant purely spatial clusters of HRSV, HPIV, and HAdV occurrence.
Furthermore, the space-time analysis revealed that the HPIV primary cluster persisted in the
Western region from 2007 to 2013. However, primary clusters of HRSV and HAdV were observed
in the Coastal region in 2009-11 and 2008-09, respectively.

Conclusion: According to the findings of this study, RSV, HPIV, and HAdV hotspots (clusters)
occurred in Kenya's Western and Coastal regions from 2007 to 2013. Regardless of time, the

Western region appeared to be more prone to the occurrence of the three respiratory viruses.
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